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ON THE SURVIVAL OF A MIOCENE OYSTER IN RECENT
SEAS. BY R. BULLEN NEWTON, F.G.S., AND EDGAR
A SMITH, 1.S.0., of the “British Muscum (Natural
History)'.  (With Plates 1 to 8.)

INTRODUCTION.

IT I8 now more than two years since some large  ovster-shells

were presented to the Geological Depavtment of the British Musenm
by Messrs. Ogilvy, Gillanders & Co. of London. which had been
found some five or six feet below the Jevel of Clive Street, Calcutta,
when  preparing foundations for the new premises (CGillander House)
of thelr Caleutta firm. Messrs. Gillanders. Arbuthnot & o,

In certain letters accompanying these “specimens it was  stated
that * the  oveter-shells were Jound in o soil of sandv loum  and
mud.  Thev covered w space of about 10X 1 X | fovf". and  were
discovered at a level ol about six {eet helow Clive Styveet,  (ood
blue clay was fonud below.”

The correspondence also mentioned the oceurrence heneath the
same  foundations  of elephant  hones which had  been  deternined
by the Geological Survey of Indin as probably belonving to the
living speetes Elephas indicens. I

The occurrence of similar ovster-shells 1n the same avea of Cal-
cutta had already heen reported  upon by Mr. W,

Vreedenburg. 2
He stated that  sweh specimens were found

m undistarbed
U By permission of the Treustees of the British Muszeur,
2 Reeent ov sulicrecent wmarine bed in Calewtto:s Records. Ceal, S ie. Lo tin, Vo,
Vol 3L pp. 174176,
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gediments,” lving below the made ground and ?](1 fnm‘u];mons
of some mew buildings being erected in Clive _Strect, (;11(‘11?1;1.
They formed a bank about half a foot or less in thickness m,Tn-
ated some five feet below the level of the strect—un \n\(lm‘]‘\"l'\\f_'
stratum about a foot in thickness consisted of black  mud. lln‘-
extent of the marine bed with the ovsters covered a space of i
least a hundred feet square, and it was regarded as heine on one
uniform level. The ovsters, themselves, occurved in l:l»\'l.‘l'»\‘. bt
sometimes were isolated.  Col. A, W. .4\10()('11 had rw"n;m.\'ml tl.n-
shells as ““identical with a large species of oyster which ]l‘\'«‘\‘ '1“.
large numbers in the mud banks near Hu} mouths of ”U‘Il )‘.n.mv ;
of the Sunderbands,” such specimens hzl\'lng'tho wihots .lmt ]n
the shell and the ligamental pi‘t- ofte.n gm\\'nlq. to « (‘ull.\'.hlt‘l':llbll(.
length, a character most p.romment in the (ll‘\'e .\tfm:t l(‘t\:lAln!‘;l\rf.
the ligamental region sometu?ms reaching a l)(‘llf_'ﬂl o «-{(: ‘n \Il‘” ]11\.
besides being straight or Clll:lOllSl}' cm'vwl.. Truvo(‘(lll‘w, .hAl ,'-‘I‘.“.
burg mentioned that “judging from their large size .Jl‘ll;l 1‘<.) n]u‘\ll
appearance, it is improbable th.at th.cse shells <-.uuhl ]“"\f oniishe
much above low-water mark, implyving a rul:m\w-. })lw\llll'll of 1he
sen and land decidedly different from that obtaining at et
The altitude of the Calcutta o_vﬁtm*-lwd 18 s(’:ll'l‘l*].v\' ever nx,..(i],.-(l
even by the highest spring-tides in the ]Inngvlll'\" river. Saflieient
data a.l'e not. available to deeide whoﬂ?m' this ]]uhr;ﬂpu'” el
of lovel in the sea or in the land.” Qllllf'f‘ recentlv Mr. Vieedenbure
in an interview with one of ﬂli‘ writers has  statod  that  the
ovater-bed occurs in sitw, and 1S ,r,rool(.)gionll.v of verv moder
a}gt». He believes that t'h(‘ ())'SY(?]‘H existedd where Hx'v.\' are now
found on account of their occurring at a greater height than the
present gea-level. ‘ |

A number of other shells were waid to be found :1|m|?t ']'f mud-
heaps at the side of the trenches including i —Telescopiinm /'rl.x'r‘mN.
Chemnitz, a species common in the oyster hanks n-f the Sunder-
bands:; forms of Area, Anomia, Amprdloria, Paluding uml_ DPliti-
orbis. Barnacles and Serpulm also occurred. but. according to
Mr. Fermor, the freshwater shells were mostly obtainable in the
laver of mud underlving the ovster-bed. This ovster-hed was
again alluded to in Sir T. M. Holland’st General Report of the
Geological Survey of India for 1903-1904, and the following state-

Y Records, Geol. Surv. India, 1903, Vol. 32, p. 136,

Pawe L Newroy azu S Miocene Oyster i Recent Seas. 3.

ment connected  therewith may  be quoted :—* The  discovery in
July last of an old ovster-bed in Caleutta at a

level well above
present Ligh-tide mark shows that. besides the general depression
which has occnrred to permit of the accumulation of alluvial de-
posits in the Gangetie  delta, there have been oscillations  also
of the velative Tevel of sea and land during vecent geological times.™
Polvzoun stroctares were occasionally found  adherent to the same
oyster-shells. and these were submitted to Mr. A, W, Waters! for
determination. who published a note npon the subject in 1908,  He
referred to the organism as being like Levralia (Escharioides) oc-
clusa of Busk. and possibly a marked varietv of that species *“or
an ancestor.” It may be mentioned that Busk’s speetes iy localised
in the Challenger Repart (ISR10 po 150) ac Cape York, Australia,
and  Namboangan, Philippines, Dr. Annandale?
made the last published vemark on this subject,
a full Bist oof the orcanisms found in the Clive Street
acknowledged asvistance vendered by Mr, . B,
mining the mollusea :—

appears  to have
He contributed
deposits. and
Preston in deter-

Telescopiun Juserm, Chemnitz

Palidive (Vivipara) bengalensis.  Lamarek

Ampullaric globosa, Swainson

£ ricia monrta. Linnens

Plunorbis  exustus, Deshaves

Anowinachieus. Gray .

dreaadamsonwiana. Dunlker

Ostrea eneillate. Born

Ostrea canadensis, Tamarels

Bualawus putelluins, Spengley

Lepralio (Escharioides)  ocelisa (var.). Busk
and in o addition a fracment of mammalian hone. certainly carni-
vorous, probably a large dog or woll, ‘

It will he observed that the large ovster with  the

hinge is reforred to in the list as O. canadensis. which
to Dr. Annandgle was Mr,

clongate
accarding
Preston’s determination confirmed by
Mr. E. A, Smith, the following remark being added : *“ how it (tI{e

1 A sub-fossil Polvzoan from Caleutta : Records, Indian Musenwm, 1908, Vol. 2, pp. 109,
110.

? Second note on a Reeent Estuarine Deposit below Clive
Ueol. Sure. Indin, 1908, Vol 37, pp. 221-223,

Street, Calentty Records,

B2
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- . oy
oyster) got to Caleutta except as ballast, 1t ls.(h:ﬁvnvlrl 'to nimgnsl::l.lt
It shonld he observed, however, ths%t ‘(ml.\' a single \:‘lhw “:]i o
to Mr. Preston and without the information that m'nn}‘ yi011;|v
been found “in the deposit.” Dr. f\rTnnmlulo ?mt(t(.l’ .afv{:s\inhi‘
announced by Colonel Aleock, .tlmt aimilar (:,\'sim‘_T 0; fll‘l} .l th,;‘ e
Sunderhands  (the lower portion of the Ganges e a): e same

i i 1 als woui. Penang, and Cuteh. The whols
species being founu.a]m at Mergui, ang
facies of the deposit he regarded as vecent. | |

Having reviewed what s known (‘()nrcrl‘nAn';,v 14]““?“ :E‘xll)].)(:xt(.(
geological deposits found a few fwf' helaw  Clive .\.tn](-t.. a\< ul‘ ‘1
itic mav be of interest to recall an impartant aper by t.hq ‘;1{1
H B. Medlicott! on “ Artesian Borings 1 India p\ﬂ)l\s.hml in 185 1,
which deseribed the depth and c]mrnctel".s' of tl]g nlluvlal.formntlon
on which Calcutta stands, based upon m‘fm'nmtmln obtained from
a boring made at Fort \Villimn. between 1836 and 183K, which 1'0:1.("110(11
a dopthr of 181 feet.  The different lavers passed through ('()n\‘li\t('(
of carbonaceous matter (peat). clays. smnls. quartz grn‘\'cls: )l\?(t
marl with shells: and at the base, sand \\:I‘lll pebbles ()l.pl'llll:l!)
rocks.  fossil  bones and <lv(‘u_\'(-(l. wood.  Throughout  this  awreat
thickness of alluvial strata o marine heds were detected  so 1].mt
thev must have heen deposited  either by 1]‘<'.\‘]l\\'2lt<‘l'. or estuarine
“n(;]l(‘ios. At considerable depths. bones of te‘m-xtrml ““.“““MH
m-;d fluviatile veptiles  were found. but the anly llr.-l‘«_rm(-m,- of :\'lwlls
noticed at 380 feot are said to have helonged 1(» [reshwater species.

fFrom o knowledge, thevefores ol the lluvial struetures on which
Caleutiza ix built and the absence of i conditions  throughont
the  areat extent of those depeaits i s apparent lh‘:n the
(‘li\'v‘.\'trm-t ovster=hed dovs it o 'Wll‘l'ul that  sevies ol <trata
and eamot therefore e of oy weoloueal Importanee,

It has been suggested hyoonr driend Lientenant-Colonel HL HL
Godwin-Austen. LRSS that these ovsters were onght - to (".“]-
cutta in native craft from  elsewhere. and .mllm-tml on the Clive
Street site for burning into lime. perhaps in the lv:n'ln-sl davs of
our occupation of Caleutta, and  ax \\'n»‘}(.]u'nu tor dears after.
cortainly up to the carly fifties in the viamty o f:ll(‘llt.l.‘l—l‘)l‘(‘-
vious “to’ the time whea Caleutta hegan to he supp.ln'(l .\\'1lh lime
manufactured at the base of the Khasi Hills, Tlli.\‘ lime s h.mught
down in such quantity that the old method of shell callecting has

1 Bcords, tiool, Surv, India, 1851 Vol. 14, pp. 205.287,

Parr 1] Nuwuwos axp Swari: Miocene Oyster in Recent Seas. 5
died out. 1t came under his own observation and he has lately
seen @ note by the late Dr. W. T. Blanford attached to a species
of Unio found at Chingarri Ghat Saltwater Lake, Calcutta, © brought
thither with other shells to burn into lime.” One of the common-
est shells thus collected was Telescopium  fuscum.?

The shells were casily  procurable from the Sunderbands, or
any of the other yegions in the Bay of Bengal where oysters  of
large size and further shells like Telescopium fusewm, cte.. fourish
at the present dayv. They would he probably collected in boats,
then taken up the Hooghly, and finallv shot out on to the plot
of wronud now known as Clive Streer. We are inclined to think
that this s the most plausible explanation that could be offered
for the presence of these ovsters beneath the Citv of  Calentta.
because, as pointed ot by Colonel Aleock and Dr. Anunandale. the
species still exists in the mud hanks of the Sunderhands

But atthough of no geological Importance - connection with the
structure of Caleutta, the ovsters themselves present certain charac-
ters which  anmistakably - connect them  with  a Miocene  form
generally referred  to crassissima of  Lamarck.  So far as can he
ascertained. the large ovster of the Bay of Bengal has never been
accurately determined, and although superficially 1t may appear to
resemble  conadensis of  Lamarck. as supposed by Mr.  Preston,
there are  certain characters which distinetly  separate it from the
Atlantic: form found off the coasts of North-Eastern America.

Weare of opiuion after o close and exhaustive comparison with
the large living forms  found in the  Bav  of Bengal  that  the
ovsters of the presumed  geological deposit at Caleutta and  the
so-called erassissine of the Miocene period  helong to one and  the
same species. Hoowill he necessarv. therefore, to consider  the
history of thix fossil form which. according to the modern specimens
from India. is now regarded as swrviving in recent seas.

Among s gronp  of  non-plicated  fossil ovsters,  Lamarck

YA another instance of oyster-shells being utilized for the manufacture of lime it
way be mentioned that Conrad referred to the subject in 1834 Glowrn, dead. Nat, Sei,
Philacelplia, 1838, Vol. 7. Part Lopo 156) when deseribing his species Ogtroa yeorgiona
from the probable Oligocene rocks of Georgia and South Carolina in the United States,
which reached o measwrement of 22 inches and w.s also remarkable for jts clopeate
cavdinad vegion. He further stated © it i extensively quaeried, o e convertl ingo lhwe,
m thoseadistricts where §q ahennds, ™
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described in 1819 Ostrea crassissima, without  knowing its locality,
reforring to it as a shell of verv large size and often of extraordinary
thicl\'\wi\x\'. and wiid to be more velated to elrginica than to his
succeeding  species, longirostris. The  diagnosis - was ax follows = —
testa  elonquta,  crassissima, ponderose, rostrala ;o rostro fomgo,  lato,
canalicidato. trapseersim striato, apice subuneonafo,

A modern example was quoted  which in the ordinary  way
would be accepted ax the tvpes this being an Osfrea figured by
Chemmnitz in his 7 Conehyvlien-Cabinet 7 of 1780 which has been
sinee recognised as the rirginica of Gmelin frone the Alantie side
of North Ameriea both by Lamarek bimsell (L Moso 1 st Nat.
1806, Vol. &, p. 162) and  subsequent anthors. It is inferesting
to note in this connection that Deshaves in 1836 (2nd Edition of
Lamarck's flist. Nt cAnim. Sans, Vet Vol 70 pp. 242, 243)
had examined the fossil shell to which Lamarek had given the name
crassissime. and doubted whether the Chemnitz tigure |‘vprvs»m]1vd
it ““Nous doutons heauncoup que la fignre citée de (‘lwmml'/,l la
veprésente.”” Deshunyes further  remarked  that the L:ll.ll;ll'(‘]{l;lll
fossil agrocd  very well with IFichtel s fionres  on l,l'\'.f) and 6
(Nachricht Versteinerungen  Siehenburgen Minevabion Fossidien, »lT\\‘H)
which were fosadl examples rom the Miocene yoeks of  Anstrna,

1t would, therefore, appear from thix explamation that (the figare
(iu()t(‘(l by Lamarck for his erassissina .lll rea iy n-[:rv.\vnl('n_:: tlw‘/‘/rg//—
nic of Gmelin's 13th 1lition of the Linpwan 7 Svsfema Naturac) the
former nacne should never have been adopted for the fossil shell undey
condideration.  As a matter of fact. howevers Sehlothein had already
recognised the same ovster i IRES as Ostracites gryphoides, which
was fix vears prior to the establishmoent of Lamarek’™s  erassissima,
s that on account both of priovity and  clearness that  name
should be resuscitated.

Schlotheim  zave  no desertption of - the ovster o which  he
had apphicd  the specific wame  grgphoides. bt he quoted some
excellent old figures published by Fiehtel in 17830 as representing
examples which come from the Tertiary  deposifs of Sichenburgen
in the Transvlvanian region of the Austrian Fmupire,

We have come to the conclusion that the spectfic name gry-
phoides should he applied to the Miocene ovster  so long  known
in modern years as crassissiia, ag also to the recent fonn from the
Bay of Bengal which we consider in every  wav as  possessing
identical characters. .

Pavr L] Newrox ann Sy Wioeene Oyster in Recent Seas. 7

0

SYNONOMY AND ITS EXPLANATION.
Ostrea gryphoides, Schlotheim.

Fichtel: Nachricht  Versteinerungen Siebenburgen  Mineralien
Fossilien, 1780, PL 4, fig. 9, and Pls. 5 and 6, pp. 87, 88.

Ostrac't s gr- phordes, Schlotheim @ ““ Beitr. Natur. Verstein, geogn.
Hiusicht,” Zaschenbuel Mineralogie, 1813, Vol. 7, p. 52.

Ostrea crassissima, Lamavek @ Hist, Nat. Anim. Sans Vert., 1819,
Vol 6 Part 1, p. 217 (Exclud'ng reference to Chemnitz).

Ostrea Tompirostris vave Co Goldfuss : Petrefacta Germanim, 1833,
Vol 2, PLOR20 fies 80 po 260 pon Lamarck,

Ostrea crassissomo. Deshaves and Milne Edwavds : 2nd - Edition
of Lanwuek™ Hist. Nafo Anine Sans Vert.” 1836, Vol 7. pPp-
2020 2145,

Oxtrca corginiea, Dujardin . Mémoire  Couches 8ol Touraine,
M. Soeo Géol. Fronee, 1837, Vol, 2. Part 1, p. 271 (non
Gmelin o although not figured  this form is in all probability O.
gryphoides  of Nehlotheim).

Ostrea crassessinn. - Mareel  de Nerres:  Observations grandes
Huitres fosstles Tertiaives Meditervandée, . Sel. Nat. (Paris),
IS5 Rers 20 Vol 200 ppo 142—168 ;. Bavle in Fournel : Richesse
Minérale de PAlgerie, 1849, p. 376; Raulin and Delbos: Mono-
graphic des Ostrea des Terrains tertiaives de 'Aquitaine, Bull.  Soc.
(ol Frapee, 1855, Ser. 2, Vol 19, pp. 1144—1164 ; Raulin, V.:
Deseription physique de Pile de Créte, Aetes Soe. Linn. Bordeauz,
1860, Vol 23 (cr Ser. 3. Vol 3), p. 3735 Fischer, P.: Fiune
Tevtiare: Movenne. i Tehihatehefi®s * Asie Mineure ” Paléontelegie,
IsGo-1569, PLO190 po 2535 Heernes  and Reuss: Die  Fessilen
Mellusken Tertiaer-Beekens Wien, 1870, Pls. 81—84, p. 4556 (Ab-
handl. ko kogeol. Reichs. 1870, Vol 4):  Fischer and  Tournouér
in (1:\\\«1_1_\‘".\ “Animaux Fossiles: Mount  Léberon,” 1873, p. 141
Carez o Etudes Terrains Crétaces ot Tertiaires du Nord de I’Espagne,
Iegsl. p. 218

Ostrea < marese (Munier-Chalmas, MR, Kilian: Mission d’Anda-
louste, Mém. “dead. Sci. Fiance, 1689, Ser. 2, Vel. 20, PL 34, fig. 2,
Pl 36, fip. 9, p. 712 (fie. 3 woodcut), nen Cecquand.

Ostrea barroisi, Kilian:  bidan—sce  explanation to Pl 34,
non Choflat,

Ostrea welschi, Kilian: (bidemi—sce “ Talle des Maticres,” p-
760.. (Note.—Professor Welech 15 of opinion that this fam of
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forms which possessed
Joubert’s  sugeestion  that  fossil ex-

inférieure.”  He  repudiated
amples from  Central France  resemblod  recent ovsters found  off
the Kast Indies. and vegarded pather that a truer  relationship
existed with . canadensis of - Lamarek (= /giea. Gmelin) found
off the coast near New York.

In their monograph on the Tertiary Ovsters of - South-Western
France (Aquitane), Raulin and  Delbos recognised  erassissima as
helonging to thetr Section ™ Virginica,”™ which  ieluded forms with
a wide canal oceupying 2 oor Loof the ligamental surface ; the left
or lower valve possessing  slightlv fimbriated  or pheated  lamella,
and with a very prolonged roxtrunc: right valve smooth.  In s
menoir on the Island of Cretel Ravling Nsts cppssissima as oceur-
ring in the sub-appenine formation (= Miocene) of that countrv.  An
extended account of this ovster and s geographical  distribution
through the = Tertiaire Movenne ™ of Mediterrinean Countries  was
aiven by the Tate Paul Fischer e Tebihateheft™s 7 Asie Mineine.”
He proved its ocenrrence as o far castward  ax o the  neighbourhood
of Tarcus it Asia Minor.  He quoted the dimensions of  vartous
forms  found 1n
collected by De Vernewil in Spain (Larca. Murela) stated to have
a total height ol IS centimetres and 15 iy length with a cardinal
surface measuring 20 in height  which is probably one of the
Nome  remarkably larger forms have been

the  Buropean Tertiaries. among  which  was  one

largest specimens known,
ficured by Hoernes and Rewss from the Miocene beds of the Vienna
Basin, one particularly  exhibiting a lgamental rostrum of nearly
wine inches inextent and a maximum width Jn the same region
of seven inchies. this specimen. PLO10 vesembling i every way
one of the vaives from Calentta althought possessing o much more
produced ligamental surface, the Calentta specimen measuring only
six inches i that rvegion  Thix  areat  specimen from the
Vienna beds s even larger than the one previously menfioned ax
from  Spain  which  had  heen collected by De Verneuil,  Paul
Fischer and Toupnouér included this fossil in their aceount of  some
A from Mount Léberon, Central  France, and

invertehrate  remains :
been collected o the  ** Marnes  de

referred  to it as having

P he Caleutea example here mentioned is the one in front of us at the time of des-
but, se afreads referred o, Mes Vicdenbrg had noticed a valve with o leamen

cription ; i 2072
tal 1egion extinding to s mesgenrement of cight ineches ar 2007 0,
2
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Cabrieres,” which is of Helvetian-Tortonian age.  An examnple 15 re-
ferred to measuring 270 millimetres high and 65 mne long. These
authors regarded erassissimea as being evolved from the Fropean
Eocene. thenee through longirostris of Olivocene (Tonuvian) awe. oo
gensis rom  the faluns of  Bazas (Aquitanin). on 1o the tvpieal
crassissima (Vindobonian), and =0 ulbmately 1o the hving Torms
of the Northi-East Xmerican coast Known s orgduied (z=eogpodopi),

The species has heen recorded Trame the North of Spam by Carez,
whilst Kilian has deseribed ar frome the Andatusian Miocene (Soath of
Spain) as Ostrea purestc which name healterwards altered to Juir-
rois/ hecanse of  preoceupation. and subsequently o aelsefer Hor
similar reasons.  Professor Welseh' of Poitiers, hewever, who s the
C}li(lf ‘dllﬂl()l'if\' on  the CrUSSINS (et (:f/l'.l//)//ﬂlvfll.\‘) heds of A\]:.”‘l'iil.
is of opinion that M. Kilian’s shell ix none other than grgphondes.
Philippe Thomas referred to the sime shell as occnring in' the
upper part of the Miocene of Tunis where it i fregquently assoctited
with Q. gingensis of Schlotheim @ he also noticed it from Southern
Algeria. Professor Welseh has shown its distithbution e Agera
regarding  the species ax peentaorly Helvetian,

Dr. Sacvo founded  the sab-cencrie wune  of  Crassostrea 1o
Gmelin’s  efrginiea, and included crassissaua (==grgphoidisy as the
fassil example, on account of the peculiarities of the cardimal area
and its general clongate contours eter e reganded the species as
ranging from Helvetian to prohably  Astian times. The species
has also been recorded from  the Tortonion and  Helvetian roeks
of Portugal by M. Dollfus.

Lastlv M. Doncieux when deseribing some Tertiary beds from
the South of France (Aude) recognised o series of graduating species
among the longirostriform  Ostrens —

Ostrea  anyusta, Deshaves—Sables de o Cuise = Foecne,

Ostrea  longirostris,  Lamarek—Stampian=0lwocenr,

Ostrea  aginensis, Tournouér Aquitanian 0
Ostrea erassissimu var. mivor, Don- to -

cleux Burdigatian % =2/.-
Ostrea yingensts, Schlotheim }\'indolmni-m | cene.
Ostreq crassissimd, Lamarck (tvpe) )

1 This information was given to one oF the proeent witas dusirg o Vst noade by

Professor Welsch to the Britich Muscum (Nutural Histarydoin the summer of 110,

Paer 1] Newrox axp Syxuvwa s Mivcene Oyster in Recent Seas. 1]

It was remarked also by this author that Ostrea virginica living
off Virginia in the United Ntates may possibly be considered as a
diveet descendant of Ostrea crassissiin.

The trae Osvea aryphoides (==crassissima) has not yet  been
recorded from layvpt althougl Maver-Eyvmar in 1837 referred to it
as occewrring in the opper Miocene deposits of the Gebel Zeit area
(m Lo 1 Mitehell’s 7 Ras Gemsahe and - Gebel Zeit—Report  on
their Geology and Petrolenm ™ (Catro), 1887, p. 34). but that deter-
mination  was not tceurate and it has sines been altered by Dr.
Blanckenhorn  to Osly o ghiepensis. Schlotheim var,  sefens's  of
Blancekenhorn (Newes zur Geologie und Paliiontologie Aegvptens—
Das Miocin : Zetsel Dedtsel (o Ges, 1601, Vol B3, p. 117, woodeut
fi. 103 which s an elongate ovster with prominent  ligamental
e bike gsgphoddes b possessing the outer plicated  sculpturing
of i

The onlv o mstanee of the ceological  occurrence of  this ovster
i India that we have heen able 1o fraee is a statement in
paper by Mro Veedenbure 1o the eflect that Mr. Murray  Stuart
i determined the presence of €. cassissiaa in sandstones  over-
Ivieg the Kama elay i the Hevzadao distriet of Burma, supposed
to be about the = Grand ™ horizon of  Earope and consequently  of
Helvetian age. (Records Geol. Sure. Tndia, 1911, Vol. 41, p. 37.)

It now remaing 1o give  some  account  of the ovsters found
under Clive: Street, Caleatta, and also of the specimens sent us by
the Indian Muscwm ax coming from Mergui which belong to the
same species and which Colonel Alcock assures us still oceurs living
at the present day in the Sunderbands,

Another large =ertes o ovsters from Hukitola, near False Point
on the Cuttack cousts which mav be regarded as a marked variety,
has also to be deseribed. .

+ DESCRIPTION OF THE SPECIMENS.

Ostrea gryphoides, (Schlotheim). (Pls. 1—6.)
The first series cmbraces the typical forms of O, gryphoides
which are vemarkable for the prolonged  form  thev attain at
maturity.
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Caleutta excavations (Pl & fie. B) which strongly resembles this
variety.

Reference has heen made by some writers to the  similarity
between O. gryphoides and the Nocth  American O, vdrgduea ol
Gmelin, but besides differences of form, the colour of the addnetor
sear readilv distinguishes the two species,

Although both in the adult «tate become very clongate, vet
O. gryphoides s a much bulkier shelll awd vat <o nerow. The
umbonal end i O, cirginied s niove acuminate also. o With reaard
to the muscular fmpressions, that i the Tatter species is mivariablv
purplish black. whereas in O yryphoides 1t i practieallv white.

EXPLANATION OF PLATES.

[The figares represent specimens delinested two-thivds ol the vanral sizes!

Ostrea gryphoides, Schlothenn,
Prate l.—Ligamental area of a lavee specitnen
Helvetian-Tortonian: beds of the  Vienna dasin 1'(»}»1"4

from  Hoernes® Mollusken  Vertiner  Peclens Wien s
Abhandl. ko ko Geol. Rejehe . ISTO Vol 4, Pl St oA

trom the  Miocene

Prate 2.— Internal view ot the upper vortion ol a lower valve trom the
Miocene (HelvetianTortonim deposits ot Meveier-ln-Catute.
Algerin. - Colleeted hy Dr. Seqnin,
cal Departient ot the
Welsch,
Heght =36 ¢,

Prescnted to the Geolow
Britvish Muccmm by Preotessor Jules

Longth =10 ¢,
PLatE 3.—An adult example showing intermal chinracters of

n porhion ol
the lower valve, obtained

from  the Clive Street exonvations
at Caleutta, Presented 1o the Geolosieal Depirtinent ot the
British Muscum by Messrs, Ogitvy, Gilinders & Co,

Height=3% cam. Length 17 ¢, .

Prate 4—Intemnal view of the upper  part of a lower valve from the

Bay of Bengal (Mergui). belonging to the Indian Museum,
Calcutty. ’

Height=34 c.m. Length=16 can.
PLaTE 6.—A medium sized upper valve with shallow interior, trom  the

Bay of Bengal (Mergui)--belonging to the Indian Museum,
Calcutta.

Height=28 c.m. Longth=15 c.m.

Bemrone Colly Derby
1o by Mo Heevinyg

(Ostrea g/'///)//z/ rdes.  Sehiothcun,

' Vienna st
Ve en

/. / Py

ovpeed promy Hoeraenieori reauictds 2,
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In the voung stage the shells (O —I5 mn across) are quite
rounded. and then commience to hecome somewhat ovate, gradually
adding to the ventral margin of the valveso vather than at the
sides. w0 that the nereaze of growth tends to prolong the shells,
and not to widen them to the same extent. Bevond the concentrie
Jammelle of growth the valves exhibit very Qittle seulpture. There
i, however. upon the carlier portion of the upper or non-attached
valves evident traces ol elevated radiating vidges. which can even
he noticed Tuwrther down the valves o one of the hetter preserved
specimens. Another noticeable: feature s the flatness of the valves,
there being very littde difference in this vespect in either the upper
or lower ones the former, howevers betng as o rule a0 1itle the
Hatter.  The wreatlv prolonged  leamental  avea s also a0 most
striking feature, reaching the Tenath of nearly <ix inehes fwone of
the specimens dug up in Caleatta (PL3) and another eight nehes
length according to M. Viedenburg s statenient. previously refevred to,
It alwavs exhibits o marked corves especially e the ecarbier stages
of growth.,  There is0 however. no constaney i the dircction ol
the curve. and it mav he cither to the right or the left,  The
area i the dower valve 1z hollowed along the middie. with a
raised ridge on vach sile of the exeavation. Tt i nnoked  with
distingl lines of growth and @ few rather prominent ridees i the
samoe divection. and ix also covered throughont with fine Jongitudingl
strie. I the upper valve the arvea is broadly convex down the
middle. the convexity eorresponding to the excavation in the op-
posite valve, It i also simlarhy striated i both divections and
ridged across. The valves  with age way hecome enormously
thickened. the valve already referved to with the very long ligunental
area being  two and a hall inches through  at that place. The
lamettas of growth are of a dirty purph<h hrown colouwr. bat the
sholl itzell beneath the Lanellie s mueh paler or whitish, The
interior of the valves s pure white excepting the musenlar impres-
ston which i very pale dity hrown or dirty whitish and forms
quite @ contrast to the rvest of the surlaces The dorme mayv be
deseribed as irregubaoty heart-shaped. the upper ontline Heing curvediy
indented or sinuated, Tt measures as mueh ax 05 non in dianeter,
both longitndinally and transverselv. Inone of the fiftecn valves
examined the form of the scar i rather different, and mav be deseribed
as narrowly rendforme and very Jike that observeble tnomost of the
slw'inwn.\‘ of the variety occnrring at False Point on the Catrack eoast,

Part 1.] Newrtox AND Syvitir: Miocene Oyster in Recent Seas. 13

ExampLe FroM THE Carncurra Excsvarions, (Pl 3.

Dimensions.
14} inches (=38 o.m.) in height.
foower valve . . . {

63 » (=17 ecm.) . length.
Height of hinge-area 5] inches (=14 e}, width 3 inches (=76 c.m.)

The specimen is rather broken at the lower margin so that when
complete it probablv had a height of about 16 inches (=405 c.m.)

Ostrea gryphoides, var. cuttackensis, var. nov.

Shell less prolonged than in typical specimens of 0. gryphoides,
and having the lower or attached valve rather deeper than in that
form.  The ligamental area is of the same character. similarly
sculptured, curving gencrally to the left  (judeing from the series
of about thirty specimens under examination). but oceasionally
to the right. Tt is variable in length from about two to three and
a half inches in the lower valves of adult specimens. The exterior
is lamellated as intypical gryphoides, and upon the upper or flatter
valve, towards the umbonal region, distinct traces of radiating ridges
are observable.  The interior is pure white, with generally an
irregular stain or two of an olivaccous tint. The muscular im-
pression s usually narrower than in the tvpical form. but oecasion-
allv almost of the same shape. Tt is cortainly  whiter, but this
mav  be due to the fresh condition of the shells.  The typical
specimens of yryphoides before s ave dead shells. so that the colony
of the scar may alter with time and exposure.  Mauy of the scars
m the present form exhibit one or more olivaccous bands—parallel
with the curve of the outer margin, and also obscure transverse
striation.

The above differences hetween these two forms are probably
due to differences of environment.  The typical gryphoides living
i the quieter waters of the Sunderbands would probably have
a tendency to more regularity in growth. On the other hand the
specimens from False Point on the Cuttack coast would be much
more exposed to rough seas, and are found in large masses one upon
another, thus modifving or preventing uniformity  of outline, 1t

v of inferest to mote that a short form of ovster oceurs in the



Photo. by H. G Herring.

GEOLOGICAL SURVEY OF INDIA.
Records, Vol. XLII, P1.3.

Bemrase, Collo., Derby

Ostrea gryphoides.  Scriotheim.

Recent. Gleutta excavations.
(%nat)
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Ostrea gryphoides. Schlotheim.
Mriocene. Algeria.
(%nat) .
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Ostrea  gryphocdes.  Schiothein.
Recent. Bay of Bengal.(Mergia)
(% nat)
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Ostrea gryphoides.  Schistheim.

Recent. Bay of Bengal.(Mergui)
($nat)
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Ostrea  gryphoides. Schistheim.
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Photo. by H G.Herring. Bemrase. Collo, Derby

Ostrea  gryphoides. var cutackensis, lvar.‘nav‘

Dommmst Rovi af Romanl /77 ee il et
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TATE G,—lixternal view of the lower valve ot previous specimen (Pl 5)
showing the lamina of growth and adherent balani—belonging
to the Indian Museum.

Height=28 c.m.  Length=15 c.m.

Ostrea gryphoides, . cuttackensis, rov,. noe.

‘Lare 7oo-Lower wvalve s<howing internal characters: from the Bay of
Bengal (Cnttack  coast); belonging to the Indian  Museum,
Caleutta.
Heilt=23 ccm. Lengih =15 e

e S8-—(A) An unper valve from the Bay of Bengal (Cuttack coast),
belonging to the Indian Muscum, Calcutta.
Heght=17T¢.m. L ngh=12 com.
(B) Example of the lower valve of w  shortened form
strongly vexembling this variety.  Obtained from the Clive
Street exeavations at Caleutta.  DPresented to the Geological
Department  of  the  British  Muaseum  hy Messrs. Ogilvy,
Gillanders & Co.
Height=21 cm.  Longth=12 ean.

OTE.- ~'The measurements of the specimens figured are given in centimetres.



GEOLOGICAL SURVEY OF INDIA.
Records, Vol. XLII, Pl. 8.

Photo.by H & Herring. Bemraose, Collo,, Derby.

. Ostrea gryphoudes. var. cuttackensis, var nov.

Recent. A=Ba11 of Ronnal /fitsmnk Comet |
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SILURIAN Fossits FROM KasHmik, By F. R, COwWPER
REeED, MA.. F.G.S. (With Plate 9.)

L INTRODUCTORY REMARKS |
1L Lists or spkciks
III. NoTES 0N SOME OF THE FOSSILS .
IV AGE AND CORREIATION 0F THE BEDS . . . . :

[.— INTRODUCTORY REMARKS.

The discovery of Silurian [*Upper Silurian’] fossils in Kashmir
has been recently vecorded by Mr. .S, Middlemiss, and the four
principal Jocalities  at which they were found have been deseribed
by him in his paper on the ** Revision of the Silurian-Trias Sequenco
in Kashmir © (Records, Geol. Sure. India, Vol. X1, Part 3. 1910, pp.
213-216).  In this paper a few provisional remarks on the fauna were
made. but there was no attempt at the definite determination of
species.  The specimens collected have been submitted to me for
identification, and the following lists and notes are the result of my
detalled examination of them.

The fossils ave mostly poor and generally fragmentary or imper-
fect, while their condition as either internal casts or external im-
pressions increases the difliculty of waking satisfactory determina-
tions, though the examples of some of the Spertes are nimerons
But m many cases there can be no reasonable doubt of their iden-
tification or specitic relations, particularly when English or Kuropean
specimens in a similar state of preservation from  Silurfan beds
are available for comparison.  Only one new specles can be recog-
nised and defined, though it is possible that others exist amongst
the doubtfully identified species.

(I.—LISTS OF SPECIES.

ta) Locality.—CGudramer, Naubug Valley (lat. 33° 4" ; long. 75° 27')
Horizon—(1) 11-7-09.  Specimens.—K 12565 to K12574.
Orthoceras of. teniiannulatum  McCoy,
Cyrtoceras sp, ~

Parr 1.]

(b) Locality.—Gugaldar. Harpatnar Vallev (lat. 83°
Horizon—(1) 19-6-09. Specimens —KI12575 to K12-578,

() Locality —Lutherwan

REeev: Silurian Fossids from Kashmir.

Calymence f. Blumenbachi (Brong.)
Acidaspis kashmivicic sp. nov.
Manus aff. Macallimr Salt.
Phucops? sp.

Primitia sp.

Beyrichic sp.

Outhis basalis Dalm. var.
legantula Dalm.
sowerbyana Dav.
of. spitiensis Reed.

. afl. Bouchardi Dav.

Leptena rhomboidalis Wilek.

Triplecia insularis Eichw.

Plectembonites aff. pupillose Reed.

Strophonella cf. euglypha (His.) 2

Strophomena antiquate (Sow.)?

Stropheodonte cf. applanata (Salt.)

Camarotachia cf. nucula (Sow.)

Wilsonia cf. Wilsani (Sow.) ?

Rhynchospire aff. Bouchardi (Dav.)

Atrypa marginalis Dalm. var,

Meristella or Merista sp.

Pholidops {mplicata Dav.

Crania ? sp.

Londstraemia cf. bine (Lonsd,)

Colypnene of. Blwmenbachi (Brong.)
Eneruurus of. punctatus (Briinn.)
Aeidaspis kashmirica sp. nov.,
Orthis basalis Dalm. var,

« elegantula Dalm.

o cf. crassa Lindstr.

ne  aff. Bowchardi Dav.
Plectambonites trawseersal’s Daln.
Merwsta ? sp.
Alveolites repens  (Fougt.) ?

. ?ap.

33046’ : long. 7567357,

C

l

-

51': long. 75°25")

(camp), norch-east side. Margan Pass (lat.
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H rzon.—(1) 22-7-09. Specimens.—K 12:580 to K. 12:583.
Calymene cf. Blunenbachi (Brong.)
Acidaspis kashmirice sp. nov.
Enerinurus sp.
Illernus 2 sp.
Orthis basalis Dalm. var.
eleguntuls Dalm.
justica Sow.
,, alfl. Bouchardi Dav.
Plectambonites transtersalis (Dalm.)
Leptana thomboidalis (Wilek.)
Alveolites repens (Fougt.) ? o
(d) rLocality.—Under Margan Pass. S. W. side. (lat. 33°44,
"Ro39’
long;‘lz;)z‘ziiz‘——(l) 91-7-09.  Specimens.—K 12579,
Clonchidium cf. Knighti (Sow.}?
Orthis basales Dalm. var.

ARl

111.—NOTES ON THE FOSSILS.

ACIDASPIS KASHMIRICA sp. nov. Pl 9. figs. 1—3.

The pygidia of this species are generally in uvvr:\' I:L‘n"t Sh.]’i:di‘l)j
pr(‘sm'\'ation and  their characters ate for the nu!,\t,. pat I}h :
determinable.  The middle shield does not. show sqch (lls,t‘mctl_\fe ¢ h.l}]?(i:,
and none of the examples are very perfect. The free chee

o are moderately

possesses  well-marked features. and two specimens
well preserved. The thorax is unknown. e semielip-
Dia(/nnsfs.fHoad-shield tmv'\sverscly semi-circu dlﬂ :t .d e
tical ; middle shield Wit}l nntrolnor border somewhat flattened, rathe
slivhily arched forward. . o
bro?wj;,l)oll; paiaholic, moderatelv convex ; mod‘lan lebe sul;ql']llnilrwa!,
with blunt'y truncate anterior end. Three pairs of lateral lobes pre-

sent. : anterior pair very small. nodnlar. indistinetly separated from
) . R

lateral angles of frontal lobe; second lateral lobes o‘val, about one
quarter the length of glabella, slightly oblique to axis ; basal lobes,

: C s, slight .
lareer, oval, about half as long again as second lobes, .hbhtly (?b
ki Se Longitudinal median furrows subparallel, arched inwards in-
si((lie .secondo and basal lobes. Occipital ring rather narrow, rounded,

sepa,ratcd off by strong straight nearly horizontal furrow.
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Anterior wing of fixed cheek rounded, narrow, widening slightlv
behind. Ocular ridge ? Evye situated far back. Posterior wing of fixed
cheek large, but narrow, horizontally extended, about 1% times basal
width of glabella. Facial sutures with anterior branches subparal-
lel (%) ; posterior branches running nearly parallel to posterior mar-
gin of head-shield, arched a little forward, but bending back sharply
at  extremity to cut posterior margin. Surface of head-shicld
coarsely granulated.

Free check triangular, with slightly sigmoidal outline to outer
margin.  Genal angle armed with short stout straight spine bent
outwards at obtuse angle to lateral margin. General surface of
check subconical, slightly elevated, sparsely tuberculated and 4unery
granulated. Eye clevated, sitnated far back and at apex. Border
of check rather broad, slightly rounded, increasing in  width poste-
riorly with 9-10 small equidistant tubercles placed in the marginal
furrow along its course. Margin of frec-cheek armed with a fringe of
12-13 short stout spines of which the anterior 5-6 are directed up-
wards at right angles to plane of head-shield, but the others are
horizontal ; the posterior 4 or5 spines are larger and stouter than
the rest.

Pygidium transversely subquadrate, twice as wide as long; with
3 pairs of marginal spines, all parallel and directed straight back;
anterior pair of spines very short, forming merely small teeth ;
second pair more than twice as long as pygidium, longer and stouter
than the others; third pair about half or two-thirds as long as
second pair; all spines equidistant. Axis short, subconical, bluntly
truncate, about one-third width of pygidium, not reaching posterior
margin ; composed of 3 segments, but sccond and third segments
obscurely separated ; third scgment very small and namrow. Lateral
lobes flattened, horizontally extended, with ridge from first axial
ring to large tubercle at base of each sccond marginal spine at
level of second axial ring, and with smaller tubercle at base of
each third spine.

Affinities~The species 18 a small one, the hest preserved pygm-
dium only measuring about 4 mm. in width. There is a great
resemblance in the pyvgidium to 4. deflexa Lake,!' particularly ian
the development of the marginal spines, but the tubercles at their
bases sufficiently mark off the Kashmir species. The head-shield

1 Lake, Quart. Journ. Geol. Soc. Vol. 1.11, 1896, p. 239, Pl. V1I, fig. 7; Reed, Girvan
Trilobites (Pale@ont. Soc.), Pt. 3, 1906, p. 113, PL. XV, fig. ...

c2



22 Records of the Geological Survey of India. [Vor. XTII.

Excrinvrus of. puxcaratus (Briinnich).

There are two fragmentary pygidia and one free cheek from
Gugaldar, and one free cheek and a body ring from Lutherwan in
the collection which may be compared with Encriwurus punctatus.
The pygidinm is broadly  triangular and  secmus relatively rather
shorter than in K. punctatus 5 the axis. however, has the usual shape ;
the first few axial rings (3 or more) are complete. but the others (of which
only 8 or 9 can be counted, the tip heing missing) are incomplete
in the middle, leaving a bare smooth median space on which are
situated w few median tubercles, the first one being on the Hth, the
gecond on the Tth and the third one on the 10th ring in the best
preserved specimen. Another  smaller specimen  shows about eight
pleuric on the lateral lobes with the usual characters but the real
number present s unknown.

The free cheeks which may be associated with this  pygidium
have the ordinary shape of E. punctatus with the anterior process
well seen; the eye s clevated, rounded and conical with a contrac-
tion i the base, and the rounded convex border is remarkable for
hearing a row of especially prominent large pointed tubercles pro-
jecting forward in the front.

The thoracic ring so far as it Is preserved exhibits no’ points of
difference from £, punctalus.

There is scarcely sufliciently known of this Kashmir form to state
positively that it is identical with or onlv a variety of K. punctatus,
but its characters so far as preserved show that it is closely com-

parable with it.

PHOLIDOPS IMPLICATA Sowerby ?
One small fragment from Gudramer shows the characteristic shape
and concentric lamellation of this small brachiopod,! but the interior

is unknown.

OrTHIS (DAIMANELLA) BASALIS Dalman, var. PL 9, figs. 6—9.

Diagnosis—Shell subcircular  to subuadrate, bi-convex to plano-
convex ; cardinal angles  tounded or obtuse ; hinge line straight,
less than width of shell.

1 Davidson Mon. Brit. Brach. 111, p. 80, Pl VIIL figs. 13.17. ; /d. V. Silur. Suppl.
p. 216, Pl XVIL, fig. 48.
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Pedicle valve gentlv convex, slightly keeled in posterior part:

!oeak small, pointed, rising above hinge-line, a little swollen and
1ncur.ved; hinge-area triangular, vertical, or steeply inclined. Teeth
forming strong plates, half the length of muscle-scar. Muscle-sear about
one quarter the length of valve, sibeordate in shape, wilest in front,
slightly emarginate hehind. clearly defined, prolonged at lateral
angles into a pair of slightlv divergent straight narrow vascular
grooves for less than half the length of shell.
_ Brachial valve flattened, with weak median longitudinal depres-
glon ; bealk small, not incurved or prominent ; hingé—area very nar-
row or lincar.  Cardinal process not prominent, oval, weakly gumoved
In centre;; walls of dental sockets strongly thickened and produced
Into stout short. crura: low vidge from base of cardinal process
continued forwards hetween the two pairs of adductor muscles.

Surface of valves covered  with numerous fine subangular or
rounded suabequal ribs, numbering 80-100 on margins, curving slightly
back on cach side to cardinal angles where they become finer and
more closely set 1 ribs divide at one quarter and again at one-half
or two-thirds their length and occasionally again at. three-fourths ;
primary, secondary and tertiary ribs and interspaces of equal or
subequal size on margin.  Shell-substance finely punctate.

Dimensions.
Average length 15 mm.

» o owidth 17
Reiarks —This is by far the most abundant species of brachiopod
at the three localities, Gudramer, Gugaldar and Lutherwan, groups
of halt a dozen to a dozen individuals frequently occurring close to-
gether on the same block. 1t is practically indistinguishable from the
shell from Kalfield referred by Davidson! to Dalman’s? snecies O.
basalis, as a comparison with a large series of specimens fronll Falfield
proves. Davidson did not describe the interior of the pedicle valve,
but according to his figure and to numerous examples of the shell in
the Sedgwick Museum the muscular scar is identical, thomgh the
divergent vascular grooves from the lateral angles are not apparent.
In this latter respect our Kashmir shell resembles the example
of O. canalis McCoy, from Kilbride, as figured by Davidson® and also

1 Davidson, op. cit. p. 217, Pl. XXVII, figs. 10, 11.

? Dalman, Vet. Akad. Handl. 1827, p. 116, PL 11, fig. 5.
3 Davidson, op. cit. p. 211, Pl. XXVIII, fig. 11 {excl. cet.).
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also has munv poind= of similarity, g0 the position ol the eves,
direction of genal spine and shape and lohation of the glabella Lut
the wvertical direction of the antertor marvginal apines of the {vee
cheek i< an obvious distinetion. AL deflexe is an Upper Lladovery
species.

Caryuese of Breateseacor (Bronga PLog0 figss £005,

Most of the specimens referable to Calymene are so imperfect
that it s diflient 1o determine their specifie characters, and s
possible that move than one species s present. But - there are
specimens from Gudramer. Gugaldar and - Lutherwan which .\‘o(-los.ely
resemMe O Bluwenlachi that it is difficult to aveid the conclusion
that this speeies ix really represented. The poorness of the mntcri?].
however. s unfortunate. rendering  difficult  the  distinction of in-
trinsic chavactors from those due to accidents of preservation. Both
head-shields and  prgidin occur. The  glabelli generally  possesses.
so far as ean be osecns the usumal characters of €0 Blamenbachi, but
there i< one specimen from Lutherwan whieh has w0 wore elongate
form of glabelln narrawing anteriarly. so that the I'l'unt.||' lobe .dO(ss
not overhang so much at the sides: a =imilr shape ix found moa
specimen from Newlids. Nirvan!

The pvgidia. which are alwavs separate and unutt:wh!‘di are :?'ub-
quadrate. somewha cmarginate behind, show 5 or 6 distinet rings
on the hroad axis with 1 oor 2 dudistinet ones bebind, and there are
5 complete finrowsd plewre on the dependent lateral Tobes not cor-
vesponding with  the axial vings: the pleural  furrows Oxtun%l hali
the length of the pleare. o these chavicters (0 Blumenbacht scems
identical.  None of the specimens are of large size, the ho:ld-shlcl(.ls
averaging onlv 3-10 nun. in Jength and the pygidia about 10 mm. 1
breadth. . '

The specimen with the more elongate glabell has the .hlllm\'lng
measurements i— Length of head-shield 10 mm. ; length of glabella
7 mm. ; width of glibella at base 65 mm. o width of phabellc aeross
fremtal lobe 425 mm. '

[Loexes aff. Macarnuoan Salter.
There is oue internal cast of a somewhat crushed and distorted
head-shicld of a species of Hlwenus from Gudraner and an external

U Reed, Girvan Trilobites ( Pal@ont. Soc.), Pt 3, 1906, po 134, PL XV fige 13,
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mpression of part of the left side of another lhead-shicld from the
same localitv. Both  probably belong to the same specie. The
internal cust has the front part broken and mperfect but shows
more characters than the other. The head-shicld was appurentiy
semicircular or semioval, and convex. The glabella is short and
broadlv hour-glass-shaped. being contracted across the middle 1 in
length it scers to have been about one-third that of the head-
shield.  The axial furrows are concave outward-. cmving i strong-
v from the hase forwards and then beading outwards to ond about
level with the front of the eyves s at the base of the glabella theyv
seem to make an acute angle (45°—-60°) with the posterior margin
of the head-shicld. The fixed cheeks are wniall and togethior with the
targe eve-lobes are decidedly swollen,  The eve-tobes are situated
at about their own length om the buse of the head=shicld. The
facial sutures curve strongly inwards from the anterior lateral mar-
gins 1o the eyes. the backward convexity being marked : behind
the eyes they run outwards, but are not here well exposed m the spe-
cimens The axial furrows have a small oval glandular expansicn near
their front ends, and where thev meet the oceipital furrow b hind
there is a deep pit.  On the  external hapression of the herd-<hicld
there 1s a series of 10-12 strong  cquidistant  tervace-lines Tunning
concentric to the anterior margin, A smmall niedian tnberele seems
to be present near the base of the glabella,

D/ mens ons.
Length  of  jwad-shirXd about 60 mm.
Width of ditto acrcss eyes
Width of glabella at base

» 50 mm
w40 mm.

Reinarks—The affinities of this species seemis to be with mem-
bers of the group Bumastus. especially with 1. Jaeedlunii Salter] and
L. barriensis Murchison.”  The course of the exial fwrrows, the shape of
the glabella, and the course of the facial sutures indicate this rele-
tlonship : and while the size and position of the eves wore resemble
the first mentioned species, the greater width and shortness of the
glabella recall the second.  But in dealing with sieh o crushed and
miperfect specimen as s available o precis comparison ix out of
the question.

1 Ralter. Mon. Brit. Triloh. pe 210 PLONNVEV L se b P NNNL fow, 203,
BB po203, PLOXXNVYL figa. 1-5.
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O. lunate Sow.! The general characters, ribbing. ete., of our shell
In'ccisv]_‘»' agree with those of O basalis from Falfield, and as there
is a doubt whether Davidson™s  Ialfield form 1= identical with Dai-
man’s tvpe, it is better to regard ours ax o variety of this species
for the above mentioned reasons.

OrtTors (DaryanenLa) eniccasteny Dalnan.

The =hells which 1 have referred 1o this cosmopolitan and
somewhat variable species differ from those ol O basilis var. by
their more oval shape. by the greater convexity of  the pedicle-
valve and its more swollen tncurved  beal and ugher hinge-area,
by the brachial valve heing sometimes depressed o Sightly con-
cave and never convex and by itx mediin depression broudening
towards the front and often bounded by low fold:. The ribs also
are Jess uniform i size. the jutercalated  ones being smaller, and
there is no group of smaller ribs near the lateral angles. The shell-
substance also seems to be more coarsely punctate. Though frag-
mentary specimens and internal casts are often diflicult or impos-
sible to distinguish. vet the sum total of differences is suflicient to
separate the two forms  speciadlve and  the  agreement  of - this
tvpe of shell with examples of O cleginud Trom Brivish Riliman
beds is very close, I oceurs at Gadramer, Gug ddar and - Latherwan
but is less abundant than 00 basalis vars and nsaallv s saadler e size,

OrtHis (DapyaNenLa) ef. crassa Lindstrom,

There arc a few specimens of Orthis occurring at Gugaldar which
seem separable from the varicty of O. basalis and to be comparable
with 0. erasse Lindstrom, as defined by Davidson.? The shell ie
subcircular to transversely elliptical in outline and the brachi:] valve
is more convex than in O. basalis but has a weak median longitu-
dinal depression.  The crura are also stouter than in O. hasalis and
the cardinal process has a broader base. The muscular avea in the
brachial valve is oval and rather more than one-third the length of
the valve; the posterior part is sunken and has raired cdges. whie
the members of the posterior pair are separated by a hroad low
rounded ridge @ the anterior pair of muscle sears is much fainter.
The ribbing appears to agree with that deseribed by Davidson in

L fhid. Pl XXVITL figs. b5,
¢ Pavidson, op. /b po 2130 PLN XV tos 17410,

Part 1. ] Reep: Silurian Fossils from Kashmar. 2H

0. crassa and to be finer and closer than that in 0. basalis var.
A submarginal internal thickening runs round the shell of the brachial
valve. The pedicle-valve has not been positively recognised.  The
size of the shells varies from 12 to 15 mm. in length.

Orriss (PLectonrtiis) ef. spiTiEnsis Reed.

Diagnosts —Shell  transversely  semi-elliptical : hinge-line straight.
equal to or vather less than width of shell: cardinal angles obtuse.
Pedicle-valve moderatelv  convex: hinge-ares  triangular. of  mode-
rate height. steeply inclined. with large triangalar delthyvrium ; heak
small. not swollen or prominent.  Surface of valve with 12-13 strong
coarse angular primary vibs. of equal or subeequal size. arching a
little outwards. and generally dividing into 2 or rarelv 3 smaller
similar 1ibs 1 oveasionally 1oor 2 short ribs interpelated near margin.
Lnterspaces angular. equal in size and depth to primary ribs. Kibs
and interspaces crossed by strong regular equidistant  concentric
lamelle.

Dimensions.
Length .
Width .

. . . . 12—15 mm.
. . . . . . L2022

Remarks.—This species is probably identical with that termed
0. spitiensis from Horizon 7 in Spiti and Kanaur.! There ave only
three examples of this Kashmir shell and all ocenr on one block
from Gudramer; only one is well preserved as an external impres
sion of the pedicle-valve. The relations of O. spitiensis have been
discussed in the memoir referred to.

OrTHIS SOWERBYANA Davidson. Pl. 9, figs. 10, 11.

Diagnosis.—Shell  biconvex. transversely semi-elliptical,  widest
along hinge-line. Hinge-line straight, equal to or slightly exceeding
width of shell. Pedicle-valve rather more convex than brachial
valve, somewhat flattened towards cardinal angles which are rectangular
or slightl; “acute.  Beak small (not well preserved). Surface of valve
furnished with 40-50  simple rounded regular ribs of equal size
and separated by rounded interspaces of equal width; towards
cardinal angles the ribs are more crowded and interspaces narrower

1 Reed, Ordov. Silur. Foss. Contr. Himalayas (Paleonf. fnd. 32, PLoX ;
3-11.  (In the press.) | nach pe 2 PLOXIX, figs.
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and a few shorter smaller ribs arising at one-hall to one-third the
length of the primary ones are intercalated (()(‘(‘1[:‘\‘I()H:l“'\' one  or
more similar short ribs are interealated in the median part of the
shell) ; interspaces ornamented  with  tine  concentric regular close
striation.  Brachial valve showing internal characters, dental sockets,
cardinal process and muscle-sears as in (. sowerbyana Davidson.!

Dimensions.
Pediele valve. Brachal villve.
lLength . . . . - 10 15 mm.
Width . . . . . 26, 21

Remarks —This form oceurs at Gudramer and s raver only 3
specimens  having  been recognised. 1t appears to he insvp.uml)lv
specifically from the Llandovery species 0. sowerbyapa. but it has
not the smaller and shorter rib regularly interpolated bhetween the
primaries, as  Davidson deseribed. There is, however, considerable
variation in the ribbing of O. sowerbyana from the Llandovery of
South Wales, as the examination of a large sertes of speenmens
shows.

Orruis afl, Bouenaror Davidson, PL4, tigs. 12, 135,

There is an abundant small Orthis-like  shell whicl occurs at
Gudramer, Gugaldar and Lutherwan. s interior s not su.tis(u(--
torily known, but its external characters recall some species of
Scenidium, though the hinge-area  of the pedicle-valve s .not. 5O
large as usual in that genus. The shell is transversely srnn.-«ll]ptl-
cal, the width being usually from one and o half to l\\'l'l'(‘ the
length ; the hinge-line is straight and nearly equal to the width of
the shell; the cardinal angles ave rectangulur or slightly obtuse,
The pedicle-valve is strongly convex, slightly carinate. being most
elevated down the median line; the beak is not much clevated or
incurved, andthe hinge-area is of moderate size. In the interior
the muscle-scar seems to be subquadrate, about one-third the length
of the shell, and the dental plates to be sub-paralleh. The brachial
valve is flattened with the lateral portions slightly convex and the
middle third occupied by a shallow rounded but well n.mrkml median
depression which widens rapidly anterioily ; the break is very small

1 Pavideon, Mon. Brit. Brach. Vol. 111, p. 247, Pl XXXV, figs. 27, 28, 30, 31
non 29).
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and inconspicuous, scarcely rising at all above the hinge-line. There
is no median internal septum ; the walls of the dental sockets are thick.

The vibs are straight and radiating, but the lateral ones curve
back a little towards the cardinal angles, particularly on each side
of the sinus is the brachial valve. All the ribs are sub-angular to
angular and rather coarse; there are usually about 15-20 primary
ones of sub-equal size which divide into two or rarely three atabout
half or two-thirds their length, one branch usually remaining
stronger than the others, or one or two short smaller ribs are in-
tercalated near the margin. A concentric striation is often visible
and the shell seems to be punctate.

The absence of an internal median septum, ete., in the brachial
valve prevents us ascribing this lttle shell to Scenidium Lewisit
or one of its varieties as its exterior suggests, and it must be placed
in the genus  Orthis and is probably allied to 0. Bouchardi
Davidson.® The interior of the brachial valve seems identical with
that of the form deseribed by me® {rom Haverfordwest as allied
to the latter species. '

TrirLicia INsULARIS Kichwald. Pl 9, fie. 14.
3 (=]

There is a good internal cast and external impression from Gudra-
mer of a shell which may be referred without hesitation to Trip-
lecia insularis. lts length is about 18 mm. and its width 27 mm.
The typical shape and smooth exterior with the fold on the brachial
and sinus on the opposite valve are well scen, and though the folds
bounding the sinus ave rather sharper than usual, this seems due
to distortion and compression in the rock. The cardinal process,
crura, teeth, etc., so far as can be seen, are the same as in 7.
tnswlaris. This species does not appear to range above the Upper
Llandovery in England, nor does the genus occur above the Clinton in
America. Our shell much resembles the Girvan Upper Llandovery
form figured by Davidson.*

STROPHOMENA ANTIQUATA Sowerby ? PL 9, fig. 15.

One impepfect internal cast of a pedicle-valve of a Strophomena
from Gudramer may probably be referred to Str. antiguata (Sow.).*

! Davidson, op. eif. 1L, p. 208, Pl. XXVI, figs. 4-9.

% Davidson, op. cit. 111, p. 209, Pl. XXVI, figs. 18-23.

8 Reed, Geological Magazine, Dec. V, Vol. 2, 1905, p. 449, PL. X XIII, fig. 8.
4 Davidson, op. cit., Vol. V, Silur. Supp].' p- 143, PL. VIII, fig. 18.

5 Davidson, op. eit. Vol. 111, Pl. XLIV, tigs. 2-13 (non figs. 21, 22).

3
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the shell is so twisted out of shape that the septum scarcely seems
to be in the middle. The ribs too are flatter and less angular than
is usual in C. Knight/, but some American species of Conchidium
have ribs like this Kashmir shell.  Fragments of the other valve are
preserved on the same hand-specimen i close association with the bra-
chial valve, and one shows the umbonal region with part of the
spondylium.

The brachial valve must have measured 25-30 mm. in length, so
far as its broken condition permits an estimation of its original
size.

Ruvynenoseira  aff. Bovcuarnt  (Davidson)?

There are two imperfect external impressions of a small subeir-
cular or oval terebratuliform shell which scems referable to  the
genus Rhynchospira and may be allied to Rh. Bouchardi Davidson.!
The valve which is represented seems to bhe the pedicle one and is
rather strongly convex with sloping shoulders mecting at the bealk
at about 75°-90°. A single median simple low rounded rib. twice
as broad as the lateral onex. runs down the centre of the valve,
and there are about 12 low rounded simple regular equal lateral
ones on cach side of it. The ribg are separated by narrower rounded
grooves. There are some  very imperfeet vasts of interiors, alsa
from Gudramer. but no details ean he satisfactorily: made out. 1
is possible that this shell belongs to the genus Zygospira. Our
shell measures about 10-12 mm. in length,

ATRYPA MARGINALIS Dalman, var,

There is one imperfect external impression of the greater part of the
pedicle-valve of a subcireular or subpentagonal shell about 27 mm.
wide having the general shape, ribbing and prominent beak of
Atrypa marginalis Dalm., but it differs in some details. Thus the
sinus seems to have a small median fold in it and it 18 not so
abruptly bounded by sharp edges; the fasciculate ribs ave also as
strong in the sinus as on the lateral portions of the “shell, which ix
unusual. However, A. marginalis is a variable form,” and ours may
possibly be a new variety.

1 Duvidson, op. cit. Vol. 111, p. 127, PL X11, tigs. 26-30.

$ Davidson, op. c¢it. Vol. 111, p. 133, Pl XV, figs. 1, 2, Lindstrém, Fragmenta
Silurica, (1880), p. 22, t. X1I, figs. 11-16.
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MEeRri1sTA ¢ sp.

Several imperfect internal casts and external impressions of a
small subcircular meristoid shell occur in the collection from Gudra-
mer and Gugaldar. The shell is biconvex with a small sharp in-
curved beak to the pedicle-valve and traces of a false area on each
side ; the teeth are small, short and parallel and a short narrow
triangular “* shoe-lifter *” process about one-third the length of the
valve is also present. The brachial valve is rather less convex
and shows a median low rather thick septum extending about halE
the length of the valve. The exterior of the shell appears to be
smooth. These small shells may belong to Merista and externally
somewhat resemble those deseribed by Lindstrém® as the young of
Meristella crassa, Sowerby, or the shell called Athyris ? (ltomq)ressa
Sowerby” but the true generie position  and relations caunat be
satisfactorily decided with such poor material as s available.

ORTHOCERAS ¢f. TENUIANNULATUM McCoy. P1. 9, figs. 17, 17a.
One internal cast of a species of Ortloceras occurs in the collec-
tion from Gudramer; it measures about 90 mm. in length with a
maximum diameter of about 22 mm. The shell is half imbedded
in matrix and is somewhat crushed. The rate of tapering isslow,

.being about 1 in 15. The shell is annulated regularly by equi-

distan'? rings, set nearly at right angles or very slightly oblique to
the axis, and numbering 7 or8 in a distance equal to the diameter ;
the rings themselves are narrow, rounded or sub-angular and pro-
minent, and the shallow concave interspaces between them are
about three times as wide. A series of fine thread-like raised paral-
lel lines of equal size run longitudinally down the shell at equal
distances and number 3-4 in a millimeter. No cross-section is vis-
ible, and the positions of the siphuncle and septa cannot be deter-
mined. The species with which this shell may be especially c¢om-
pared is O. tenuianmdatum McCoy® which Blake4 describes from the
Upper Llandovery as well as the Ludlow beds.

. CYRTOCERAS sp.
. A portion of a large Cyrtoceras-like sheil tfrom Gudramer is oo
imperfect and fragmentary for complete determination, for it onlv
! Lindstrém, Fragmenta Silurica (1880), p. 21, PL X111, figs. 4-8. v .
* Davidson, op. cit. 111, p. 122. Pl X11, figs. 16-18.
3 McCoy., Syn. Brit. Palez. Foss. Woodw. Mus. (1851), p. 320, pl. 14, figs. 31-31a.
f Blake, Mon. Brit. Foss. Cephal., (1882), p. 98, PL. V. figs. 9, 9a,
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The shell is subquadrate. very shighthv convex s the hinge-Tine s

rather Tess than the meximun wilth of the shetlb s the hinge-area
is trignenlar. ond inclined. with o <mall uot inevrved beako The
musclessear i s broad  as lonen rounded. <ubpentagonal, vather
deeply sunk. with the sides boonded byorhin enrved edges. and the
posterior end not enclosed ¢ the diduetors are separated byoa low
median ridge. The teeth wre thin trinngular plates contimed an-
teviorly  roued  the aneeleesears The vibling resembles thar fonnd
ih HH' \':Hiv(_\‘ ,\ur/nw,w/ “;\\i(lsun (‘I/', 4‘/'/, ‘,|| \l.l\ f'l“_L\ l“. ll)
Our shell i< abont 1y mn. wide and 1T nans Tong.

PLECTAMBONITES  TrANSVER<ALs  Daliwan ?

This species 13 vepresented b oa few broken internal casts and
external impressions from Guaaddar in which we can recognise the
charactoristic ansele-wenrs. sifee orpamentation and shape of the
shell ; and the ideutifiention is hardly doubtiual.

PLecraconiTes afl. parinosy Reedo PLOS0 fige 16,

There is one small she!l ocemrring at Gudramer which mch re-
sembles thie Taverfordwest species ol Plectomdegates Trom the St Mar-
tin's bheds de~cribed L the authar oo Pl /».;./u/r":m/' I these Kash-
mir specinens thie shell s tenscer el semi-ellipticalnearls fwiee as wide
as long, with  the cardinal angles wearly rectangular and not pro-
duced nor acutely poinied : the cardinal line is straight and equal
to the maximum width of the shell. The pedicle-valve is very slight-
lv and uniformly convex with a narrow triangular hinge-area and
small inconspicuous beak. neither inewrved nor swollennor projecting.
The brachial valve is flat.  The surface of  both valves is covered
with closelv set very fine straight radiativg thread-like Tines: of which
generally every Ath or Hth one is rather stronger o and these stronger
ones. muwhering 20230 on eache valver wlone seem continuwous from
the beak to the neoging One intenor of apedicle-vabve shows apair
of elongited narrow muscle-sears diverging from the heak at about 60
the teeth are soadl and short and the interior of the shiell s puastulate,
The average length of onr Kasheair SheBls s ahout S mm. and their width

50 to H nun.

1 R”-(”I,'y,,)[ngn'nl Maguzine, Do, Vo Vol 20 1900, p- ol PLNNIU L e b i,
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Liry exa pnoveotbhaniss Wilelens,

Fhis cosmopolitan species 1 vepresented by a Tew poor but re-
cognisable examples Trom Godeemer aond Ltherwan, and thev eall
for no particular remarks.

CAMAROTMCHEY  NUCULA - (Nowerby) 2

One external impression of w uearly perfect brachinl viuve of a
small - rhvnchonelloid from Gudraner deserves special uatice.  The
shell s transverselv elliptical ov subcivendsr in o shape, MeRsUring
about O mm. long and 11 or B2 m width o the swfaee is gently
convex and - theve s a Tow medion Told composed of 3 pwminen.t,
sharply angular equal plications neveasing eraduallv in height  and
size towards the front o the interspacees are engalor ond equal to
the phications s size, and the sides of the fold are steep and increase
in height to the front © 4-5 similar angular phication.. decreasing in
size slightly to the cardinal aneless compose the lateral portions
of the shell and fine concentvie striwe cross ribs and  interspaces
alike.  The dateral plications are not appreciably curved outwards.
The characters of the shell agree with Rh. (Cam.) nucula Sow.?
which varies somewhat. but has wsaally four plications on the fold.
An internal cast from Gudramer of a brachial vudve. however, shows
four plications on the fold and the characteristic <hort edian septum,
ete., of Rh. nucula. and T do not think there need be any hesita-
tion i referring this Kashmir form to this species, »

Coxcinbies of. Kxwanrr (Sowerby) 7

The tmportauee of the specimen on which this donbtful deter-
mination s based depends on the fact that it s the onlv indication
of anv other horizon than Lladovery and that there is only  one
other specimen from the locality '

wnder Margan Pass.” and  this
contains merely O, busalis vav. The shell which may be compared
with Conch. Knght? consists of a hrachial valve somewhat broken
and distorted but showing the close narrow ribbing of the surface,
the characteristic outline and apparently the median septum  but

b Davidson, op. e Vol T pe 1810 Pic XXIVL fiess 1270 ibid.. Vol V, Nilur.
Supple p. 157, PL XL fies. 27-20.

* Davidson, op. et Vol 1L pe 1120 PLOXVIL tigs. 1230 PLOXVIL, fiws. 1210 ; Pl
XTIX, fig. 3.
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consists of three camere and the siphuncle i not seen, nop is the
curvature determinable  The shell is elliptical in seetion. the ratio
of the axes being about 201 and the rate of inerease i the fonger
diameter of the shell appears 1o he ahout 2 a5 or 6. Lt t“l\c
specimen 15 somewhat distorted by pressures so that precise mea-
surements cannot he ohtamed  The septa are simple and not - un-
dulated. but he shghtlv oblique to the axis of the portion preseryed
and become vather wider apart on the outer periphery @ thus, on
the onter periphery the three caneras secm to occopy a space of
ahout 200mm. but an the inner curve only aboat 1 mme The
drmensons of the specimen are ax follows cdonger dinmeter ot ap-
per end about 70 mun.. shorter diameter about Jd0 mo. There are
several British species to which  this species secms allied in one
respect or another, but it s teo imperfeetly known for any useful
comparison.

IV.—AGE AND CORRELATION OF THE BEDS

The serios of fossils from Gudranwer, Gugaldar and Lutherwan agree
m so many particulars and include so many species i common
that it scemns practically certain that the beds at these three locaii-
ties from which the foszils were collected are on the same stratigra-
phical horizon.  The faunas are practicaily identical in composition. and
the state of preservation of  the organisms wnd  the  petrological
characters of the rocks agree most closely.

With regard to the age of this fauna, the evidence points  to-
wards the base of the Silurlan, aud it may be referred 1o some
part of the Llandovery with considerable assurance,  The presence
of gpecies allied to or identical with Triplecia irsularis, Oithis sower-
byana, Plectawmborates papillosa, Lodstranie bina and the aflinities of
Acidaspis kashivirica indicate a Llandovery rather than Wenlock uge,
while  Cumerotwehic nuenle and Orthoceras terwnanvdatum are Lland-
overy as well as Ludlow species. Indeed it may be vemarked thar
there is a sugeestive resemblance iu the sroup of brachiopods to
thuse found at the very base of the Rilurian in the Haverfordwest
district.! But on the other hand Upper Llundovery tepes of trilo-
hites ave represented by the species of [llanus and deidaspis. We
cannot fail to note the absence ot Pentameriads, though whether this

1 Reed and Cantrill., Geological Magazine, Pec. ¥, Vol. 1V, 1907, p. 535

A.H Searle deletlith.

GEOLOGICAL SURVEY OF INDIA.
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West, Newman imp.
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is real or apparent In the composition of the fuuns is uncertain,
As to affinities with Wenlock or higher beds there is no very con-
vincing evidence. if we omit the long-ranging species; the absence
of all the typical corals, crinoids and trilobites as well as of many
of the characteristic brachiopods make a reference to a Wenlock
horizon improbable. The variety of O. basalis, and the supposed
Wilsonia and Rhynchospira are the only suggestions of post-Lland-
overy age. It is unlikely that we should be able to correlate with
minute precision this Kashmir fossiliferous horizon with the far-
distant shallow-water series in England ; but we may go so far as
to state that it may be referred with every probability to the Lland-
overy, using the term in a comprehensive sense.

The other locality in Kashmir which has vielded Silurian fossils is
that ““under Margan Pass,”” but the speeimens are very few and
poor. If the fossil referred with hesitation to Conchidium kwiyhti is
rightly determined an age corresponding with the Avimestry Lime-
stone seems to be Indicated.

EXPLANATION OF PLATE.
PLATE 9.

F1a. 1.—Acidaspis kashmirica sp. nov. Pygidinm, (interior) x5, Cudramer,

Fia. 2.- - . ' Middle-shield x5. (ugaldar.

I, 38— ., - Free cheek, (intevior) x 5. Cudramer.

Fic. 4.—Calymenc ef. Blumenbachi (Brong.) Portion of middle-shield, (interior)
x3. Lutherwan.

Fra. 6o— ., Pygidium x5, Gugaldar.

6. —Orthis (Dalmanclln) basalis (Dalm.) var.  Pedicle-valve (internal x 2.

Ia.

Gudramer.
16, 7.—Ditto. Ditto. 2. Gugaldar,
Frc, 8.—Ditto. Cardinal portion of brachial valve (internal cast) » 3.  Cudra-

mer.
9.— Ditto. Pedicle-valve (impression of exterior) 2.  Lutherwan,
Brachial valve (internal cast) » 2, Gu-
dramer.,
11.—Ditto. Tmpression of part of exterior of valve x 2. Gudramer.
12.—Orthis afl, Bouchardi, Dav. Pedicle-valve (internal east)x 4. CGudra-
¢ mer.
Fia. 13.—Ditto. Brachial valve (internal cast) x4. CGugaldar.
Fic. 14.—Triplecia insularis (Fichw.) Pedicle-valve x 15, Gudramer.
Fia. 15.—Strophomena antiquate  (Sow.) ? Pedicle-valve (internal cast)x 2.
Gudramer.
Fia. 16.—Plectambonites afl. papillosa, Reed. Pedicle-valve (impression of exterior)
x 8. CGudramer.
F1a. 17.—Orthoceras of. tenwiannulatum, McCoy x 13, Gudramer,
Fig. 17(a).—Ditto.  Portion of surface of same specimen x 5.

I,
11a. 10.—~0Orthis sowerbyana, Dav,

Fia.
Fic.
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NOTE ON SPECIMENS OF BLODITE! FROM THE SALT
RANGE. By Cyri. Fox, B.Sc., M.ILM.E., F.GS,,
Assistant Superintendent, Geological Survey of India.
(With Plate 10.)

(FHESE specimens  were  obtained from the Mavo Salt Mines.”
Khewra, Salt Range. Punjab. having been presented  to
the Director of the Geological Survev by Messrs. Lvon and Reid of
the Northern India Salt Revenue Department. and consist of - hright
red masses of closely aggregated cervstals of o Hattish elonuated
habit. The mineral is almost colourless and transparent i e lf
and, but for the red inclusions of fervie oxide which give it its
brick colour, it is completely soluble in distilled water. Its com-
position as determined 1 the Geological Survey Jaboratory by the
late Mr. Blyth is that of a hvdrous sulphate of sodinm and  mag-
nesium plus a small quantity of chlorine.
Some of Dr. Warth’s specimens from the same locality  were
examined by Mallet® who finds the composition of the blodite to

be—

MgO . . . . . . . . . 11.97 per cent.
Na20 . . . . . B . . . 1853 .
S0z . . . . . . . . I e - U
HaO . . . e,
NaCl . .. T,

with a small unweighable quantity of lime and some material which

is insoluble in water. Mallet appears to lean towards au jntur;u-!inn
between Epsom salt and common salt (- 2(Mg=O,. T, 0) 2 Nad
=Mg80,, Na, 80, 41,04 MgCl,, 611,044,0). ax the probahle

sources and method of origin of the blodite in the® kainite  zones

1 Also known as Warthite, Simonyite, and Astrakanite 3 Dict. of Names of Mim-n.tls,
Chester, pp. 22, 34, and 250 ; Tschermalk’s Min. 'zm{{ Petrogra, M‘:!lh., _"(.\_ll. (1903) ;
Deutschlands Kalibergbau, (1907); Chersicht der Min. Petro. u. Geol. Kalisalz-Lager-
stiitten ; Dana’s System of Mineralogy. p. 946. )

: Jem. Geol. Swrr. India, XIV, pp. 28 and 283.

3 Mineral Mag., X1, (1878).
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of the salt stratum.! Tt would appear possible that the hnpurities
found in the analysis were, in all probability, carried by the under-
ground waters which had leached out the blédite and deposited it
in the fissures traversing the beds; the ferric oxide coming from
the marls and the chlorine (as NaCl) from the wall of rock salt
on which the crystals grew.

Quenstedt, Schimper, and Mallet have each made a crystal-
lographic cxamination of blodite from the Mavo Mines and their
determination of ‘‘faces’ is summarized in fie. 1 (a hitherto
unpublished drawing by Mallet). The new specimens are much
simpler in general habit, but from one or other of the crvstals
practically all the forms depicted in fig. 1 have been noted, and
although the faces u (130), 2(310), and / (J11) do not occur on
them they exhibit the face 7 (311), I think for the first time on
crystals of blodite from the Salt Range. The following is a list of
the faces which have been observed on these new ervstals —

@ (100), p (1),
b (010), g (201),
¢ (001), s (211),
d (011), t (311),
e (021), w (111),
m (110), x (121),
n (210). y (221),
o (121), v (120).

Among the smaller crystals there appear to be two types of
habit, one similar to fig. 2 and the other like that shown in fig.
3; the latter type iv xomewhat twbid in appearance and evidently
grows to the larger size. As a whole the crystals are very fine
and clean-cut, and much resemble those of Dr. Warth’s from the
same mine preserved in the Geological Museum in Calcutta®; they
are red in colour through inclusions, larger in size, some quite 34 inches
in length, and show as many forms of face, and have a habit
almost identical with the colourless crystals already in the Museum.
Compare figs. 1 and 2, also those depicted in Groth’s Chemische,
Krystallographie 1[I, p. 505, and that accompanying von Rath’s
paper.?

! Data of Geo-Chemistry, U. 8. Geol. Surv., Bul. 330, pp. 176.9.
2 Mineral Section, Show Case No. 30.

3"Poggend. Annal., pp. 586, CXLLV, (1871).
D2
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On days when the air is highly charged with moisture the
crystals soon become coated with moisture when removed from the
drying jar, though they dry quietly under an electric fan unless
the air is almost saturated. Owing to their deliquescent nature
the specimens are apt to become dull in damp weather and the
edges and angles to lose their sharpness.

A faint pitting in broken lines parallel to the vertical axis is
noticeable on those prism faces which have become dull.  If
etched, the corroding action of the acid or water is quite ecasily
seen under the microscope, while if simply observed with an or-
dinary pocket lens the more deeply etched portions present an
appearance much like the columnar structure of basalt.

Except for threec very rough {ractures parallel to the ortho-
pinacoid, all the fractures observed are conchoidal. Other than
rock-salt no associated mineral is present with the blédite.

EXPLANATION OF PLATE.

PLATE 10.

Ti6. 1.—Blddite from the Salt Range (drawing by F. R. Mallet.)
Fi6. 2.— Ditto.
Fia. 3.— Ditto,

GREOLOGICA] SCRIUEY O0F INDILA

Reconrds. Vol. XTL.I1. PL

BLODITE FROM THE SALT RANGE.




Pawr 1] Brown: Gold-bearing deposits of Mong Leng. 37

REPORT ON CERTAIN GOLD-BEARING DEPOSITS OF
MONG LONG, HSIPAW STATE, NORTHERN SHAN
STATES, Burma. By J. COGGIN BrOwN, M.SC.,
F.G.S., Assoc. MIME., Assistunt Superintendent,
Guological Survey of India. (With Plates 11 to 13.)

INTRODUCTION.

THE Mong Long sub-State forms the north-western part of Hsipaw

proper and ix bounded on  the north and west by the Ruby
Mines and  Mandalay divisions, respectively.  The greater part of
the country comprised within its boundaries consists of lofty groups
of hills which often attain heights of 4.000 or 5,000 feet above
the level of the sea, and rising abruptly from the plateau overlook
the flatter and less clevated regions to the south.  The portion
of the hilly country to which this report particularly refers, is very
decply  dissected by the complex drainage svstem of the upper
waters of the Nam-pai which eventually becomes the  Chaung-
Magyt and flows into the Irtawaddy, some twenty miles north of
Mandalay. Extensive denudation is characteristic of the district
and even the smallest tributary streams have excavated deep and
narrow valleys generally possessing almost precipitous sides.

General Geology of Mong Long.

The rescarches of La Touche have already shown that a broad
belt of mica schists occupies the valley of the Nam-pai, to the
south of the gneissic area of the Ruby Mines division, and in
which the town of Ming L ng, the capital of the sub-State, is
situated.  The rock consists of a rather fine gramed biotite schist,
but outcrops are difficult to find, ‘“and all that can be seen in
the few exposures visible along the paths are patches of micaceous
clay in which the original foliation planes are marked by splashes
and lines of bright scarlet, vesulting from the oxidation of the
iron in the rock.”’l These mica schists are very often traversed
by quartz veins of various dimensions.  Proceeding  southwards

L Gealogy of the Northern Shan States,” by T H. D La Touche (in the press).
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from the Nam-pai vallev towards the Shan plateau, the mica
schists give jplace to a series of quartzites, greywackes, slates, ph.vl-'
litic shales, and sandstones which belong to  the Chaung-Magyi
series.  There is no definite boundary between this series and the
mica schists and one tvpe of rock appears to pass into the other.
Rocks of the Chaung-Magyi series make up the whole of the area
under description, the prevalent types being hard greyish a.n.d
brownish quartzites, and fine-grained, dark greenish-grey, chlorntic
slates.  The general strike is N.-N.-W—S.-S.-E., and the strata are
greatly contorted. The Chaung-Magyi rocks form the floor on
which the succeeding fossiliferous formations of the Northern Shan
States have been deposited ; they are of pre-Cambrian age and may
correspond with the lu-t’o system of Central and Western China.
The country is exceedingly hroken, and consists of numberless
narrow vall:ays, separated Ly high, steep-sided ridges, which are
always covered from top to bottom with almost impenetrable
jung‘ie . «0 that the only way of making any examination is to wade along
the stream beds,—though even here a path has often to be
hacked through the thick growth,—or to follow the narrow paths
which occasionally proceed along the knife-edged spurs from one
remote village to another.

Area Examined.

The particular part of the Ming Long sub-State which 1t was
my duty to examine ix situated in the Pazi township about long.
967 30" and between  lats. 227 38 and 22° 42 Over this arca
a license to prospect for gold has been granted o the Sawbwa of
Psipaw.  The survey pitlar marked 1223 is at the top of the area,
which ix bounded on the cast by the Hwe-gna-sang chaung as far
ag its junction with the Nam-c-wa ; on the south by the Na'm-o—wn;
on the west from the junction of the Hwe-hkam-long with t.he
Nam-e-wa, along the valley to pillar 4,223 ; on the north by a line
from the survey pillar to the Hwe-gna-sang chaung. Small amounts
of gold have been washed in a desultory fashion from the alluvial
aravels of these and neighbouring streams for a great number  of
years by lhoth Burmese and Shauns.

Description of Route to Hwe-gna-sang.
Marching N.-N.-W. from Ilsumhsai, a station 22 miles beyond
Maymvo on the Shan States branch of the Burma Ruil\\'u_\'s,ul the
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direction of Kalagwe, long. 96° 33, lat. 22° 31, approximately,
a perfect example of the true ‘* plateau *’ tvpe of country of the
Northern Shan States is crossed. As far as the eye can reach, flat
uplands modified here and there by gentle undulations, with smooth
rounded outlines are seen. Thick growths of coarse grasses and
the common bracken fern (Peris dquiling), form a general covering,
but patches of scatfered trees or open scrub jungle are by no
means uncommon. The soil is of a dull Indian-red tint and water
Is very scarce, owing doubtless to underground circulation. Ex-
posures of the plateau limestone are few and far between, and when
seen, either outcrop in jagged hummocks which rise a few feet
above the general level of the surrounding countrv. or occur near
the waterholes where percolation and seepage have removed the
superincumbent xoil and exposed the surface of the rock  below.

From Kalagwe the route continues for some four miles in a N.-W,
direction across similar plateau country in which outerops become
more frequent than before. and are seen to consist of the usual
type of greyish limestone in a profoundly brecciated condition.  This
persists to one and-a-half miles N.-N.-W. of Nahka. when just
before the Chaung Kaung stream is reached, and on the steep bank
of a small tributary, tyvpical Naungkangyi marls of vellowish,
reddish and reddish-brown shades are found outcropping. A search
soon reveals the presence of small crinoid stems, and the jumble
of fragmentary and indeterminable remains of trilobites, cystideans,
and brachiopods, so characteristic of this Ordovician series. In the
bed of the .stream, hard greyish-blue limestones are found, re-
presenting the unaltered Naungkangyi strata. Before the Chaung
Kaung is reached, small exposures of Plateau Limestone are again
met with,  These are little outliers which lic unconformably on
the older rocks beneath, for on crossing the stream and ascending
the hill on the other side, Naungkangyi marls of similar type con-
tinue, and at an elevation of 2,900 feet above sea level contain a
thin band of hard greyish-blue limestone with thin. irregular, yel-
lowish-brown  joint planes and patches in which sections of brachio-
pod shells ean be made out. There is a slight descent in the
surface of the plateau between Kalagwe with an elevation of 3,200
feet, and the Kaung Chaung at 2,500. From this point the hills
bordering the platcau abruptly rise, the track keeping on a spur
between two wside tributary valleys evenly clad with open forest
growth.  Beyvond the Naungkangvi beds, the Chaung Magyi rocks

.
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are found, and continue right through the defined area. 'I‘hgy
usually occur as grey, greyish-white and brownish quartzites. dis-
coloured mudstones, bleached purple slates, wreenish phyllitic slates
and finely banded, hard, schistose shales of various colours. Thev
form very steep hill sides covered with small fragments of the
harder strata. The quartzites weather into sharp, angular blocks,
but on the whole, exposures are poor np to the top of the range
which is reached at 3,800 feet. From this point there is a \Vil‘lll-
ing and very steep descent to the Name-e-wa. (2,350 feet). on \‘vlm'h
soft, discoloured schistose-slates of various shades of grey, bufl :‘m(l
greyish-blue are seen a few times, often with red ferruginous stains.
Their general strike appears to be N.-N.-W.—8.-R.- K. and they nflvn,("np-
tain tiny empty squares left by decomposed pyrites ervstals. Ihin
veinlets and disconnected stringers of quartz are common everywhere,
and small veins of milk-white quartz up to one and-a-half feet across
are occasionally found.

Mode of Occurrence of the Gold.

The gold from the Hwe-gna-sang and its tributary streams
occurs in thin lamina and scales, generally rough and somewhat
clongated with rounded edges. Flatteued pieces over } inch in
length have been obtained but the vast majority  of the m'ulq.'s
range from % to } inch along their greatest length, A certaun
proportion of a bulk sample consists of smaller rounded grains, but
very fine and ‘‘float ” gold is absent. Associated with these are
a number of grains, which bear no appearance of flattening. which
have a very irregular surface and are generally of a darker colour
than the flattened scales. These are regarded as ‘*ultra’ nug-
gets which have not been carried far from their matrix in compari-
gon with the rest of the gold, and are consequently not worn.
Very rarely small particles of gold were found adhering to quartz,—
which led to the testing of the veins which were found. Spinely,
garnets and magnetite are the principal constituent minerals of the
concentrates after treatment of the gravel for the gold. Several
small rounded *‘ nuggets *’ with a very irregular pitted surface have
been obtained from the Hwe-gna-sang gravels, ranging up to I inch
long by % inch broad by { inch in thickness approximately. Al
though there can be no doubt that a certain small proportion of
the gold has been derived frommn aurtferous f]uurtz reefs of the
Chaung Magyi rocks outcropping in the area drained by the streams,
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yet the physical condition of by far the greater part of it, together
with the negative results of the assays of the few reefs which were
sampled, seems to point to its derivation from the quartzitic and
schistose rocks themsclves, whence it was probably introduced
during the time of their deposition from some outside source,—per-
chance from the great area of crystalline rocks to the north. Gold
15 found in most of the streams which drain the Chaung-Magyi
rocks of this region of Hsipaw and which make up the greater parts
of Sheets 240 and 286 Burma Survey. 1t is interesting to note
that La Touche has proved that the alluvial gold of the Loi Twang
region of the Northern Shan State originates from a series of sand-
stones which are found below the Naungkangyi beds of that
arca.l A very similar occurrence has been observed by myvself in
the Yunnan Province of Western China where gold is won from
rocks which have probably the same age. The gold of the Namma
alluvials may also be cited as a further instance of the same kind.
In view of these facts, the attention of prospectors may be drawn
to other streams which drain areas made up of the same rocks,
which have not yet received the attention they deserve.

Shan Methods of Obtaining Gold.

After extracting the gravel from narrow pits sunk into the
terraces In any places which appear likely to yield well, the
Shans obtain the gold by a system of panning in a batea, in the
manipulation of which they obtain remarkable skill. The batea
itself is usually about 1 foot 8 or 9 inches in diameter, cut out of
a solid picce of cedar and shaped to form a verv depressed cone,
after the fashion of the Mexican pan. After drying, the wood is
lacquered with a jet black varmish which gives a perfectly smooth
surface on which the gold is easily observed. Recently a modified
form of ‘* cradle > or *‘ rocker *’ has been introduced to expedite
the ordinary method of panning. Two branches bearing a V at
their upper ends arc driven into the ground ahout 3 feet a part
and 4} fect above the surface. To the middle of another branch
laid across the V’s a lattice-work bamboo basket holding about }
of a cubic foot of gravel is tied. The gold-saving table is placed

! *“Report on the Gold-bearing Deposits of Loi Twang. Shan State:, Burma. By
T. D. L Touche, B.A., .G.S.  Records (feo!. Surv. India, Vol. XXXV, Part 2, 1907,
page 104,
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under the basket and is arranged so as to catch anything which
comes through. Tt varies from 1 to 2} feet in breadth but 1s
always 4 feet or more in length. The first G inches are smooth,
and the rest of the table is riffled by alternate straight  cuts,
1 inch in breadth and % inch in depth with corresponding projections.
The table is given sufficient slope to cause the stream of water
used to carry' away most of the lighter washed material. The
whole apparatus is usually set up in the shallows at the edge O.f a
stream, where the auriferous gravel is loaded into the basket, wlugh
is kept gently rocking while a stream ol —water from a scoop s
allowed to flow over it. The smaller pebbles and sand go through
on to the table which is now and then washa'-,d (lo.wn direct]y, :ln.d
the larger stones thrown away. The operation is repeated until
8 or 10 cubic feet have been washed, when the cnnAtvni,s of the
riffles are carefully transferred to a batea and pu_m.w(l n tl‘w usual
way. With a gravel free from clay zm(l. containing no fine gdd
thi'.s' method appears to he fairly effective 1n recovering the precious
metal, but its capacity is only about 1 cubie vard of gruw;[ per
man, pet day; without reckoning th(" l;ll)()l‘ll' cmlfluycd in digging
out the pay dirt and keeping the pit drained, ‘ it f'znumtv l)c‘ re-
garded as a very economical device.  The machine s not zt.hl.uln
invention, but a foreign introduction, for 1 have seen a very stitlar
apparatus in use on the upper parts ol the Yung-tzv-chlmng on the
borders of Yumnan and Szu-chuan. Al the sampling  which 1
undertook was carried on by pits from which measured quantities
of gravel were extracted and washed under my  personal supet-
vision. This was the only available method, though open to objection
in some cascs owing to the amount of water in the gravels. At the
same time [ believe the results are accurate enough to warrant the
conclusions which I have drawn,

Results of Assays.

The results of the examination of the concentrates in the labe-
ratory of the Ceological Survey of India in Caleutta have proved to
be very disappointing in view of the reported quantities of gold
obtained by the Shan workers. I am inclined to helieve that they
know, after long vears of work, where the rich streaks of pay dirt
are likely to exist in the main mass of gravel and are o able to
collect comparatively large wmounts of coarse cold at the expense
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of a minimum amount of labour. The average gold content of the
gravels is given in the table at the end of this report. Even if the
gold content had been much higher than it actually is, 1 should not
have been able to recommend large-scale modern exploitation, owing
to the smallness and patchy nature of the gold-bearing ground.

STREAMS EXAMINED.

The Hwe-som-kuan.1

This stream, which onlv has a length of 2 or 3 miles, is a tri-
butary of the Hwe-hkam-long and rises from a small side valley
in the main ridge of the concession about 11 miles to the south of
Loi sar (A4,223). 1t flows ina general 8.-8.-W. direction to join the
Hwe-hkam-long about § of a mile above the junction of the latter
stream with the Nam-c-wa.  From the village of Hto-hei, a steep
track runs down into the valley of the Hwe-som-kuan to the S.-W.
The stream s merely a shallow mountain torrent. which has eroded
a narrow V-shaped valley for itself, cutting across the strike of the
strata. At the time of my visit it contained very little water.
Gieological  obrervations  were considerably hampered by the thick
jungle which fills the whole valley and cannot he peunetrated with-
out cutting a path. Thin deposits of gravel of very limited extent
appear to have been deposited by the flood stream in places where
the bed rock has allowed the accumulation to take place, but these
are  buried as a rule under a great deal of seree material from the
steep sides of the valley and under thick soil.  Again, these gravel
patehes have been very extensively worked in ancient times and
wherever they exist numerous old pits bear silent testimony to the
energy with which they have been exploited.

Under my direction, three pits were sunk in places which did
not appear to have been much disturbed. No. 1 passed through 8
feet of wet earth, containing large angular rock fragments, without
reaching gravel, but the influx of water at this depth became so
great  that fupther excavation was impossible.  Nos. 2 and 3
reached gravel, with a thickness of 2 and 3 feet, at 6 and 4 fect,
respectively. The former yielded a trace of gold per cubic yard
and the latter contained no gold.

P NMomekaan 7 Chand is the name of o smadl shoah comman thiroughout the Shan

tates, the leawves of which are prepared and caten by che people as a sour condiment.

.
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Other gravel patches in this ravine might yield better results
but I hardly believe that extensive prospecting is warranted here.
Large masses of quartz were seen in places, which, doubtlcs..\', come
from a vein or veins somewhere in the locality, but exploving for
quartz reefs under the thick jungle and soil-cover would be very
expensive work.

The Hwe-pung.!

This stream rises in or near Lol sar (A1,223), and flowing at
first S-S-E and then K.-S.-E., with a length of course of about
2 miles, joins the Hwe-mi-pang to become the [)l'm(-lpnl feeder of
the Hwe-gna-sang. 1t is a larger and faster flowing stream than
the Hwe-som-kuan and has a broader and botte.r marked‘ valley,
though as usual this Is overgrown with dense jungle. The bed
rock is exposed most of the way along the valley, but herc”an(l
there patches of gravel of no great extent are to be found, l.hcrc
i« evidence here, as in some of the other streams, of a f(.)rmcr higher
depositing level, for many of the le}Cl(‘IIt pits are sunk Into sl.mlluw
deposits high above the level nt_ the prcscr.lt .s'tr.v;nn‘ but jungle
orowth it so  thick that it is almost impassible to tell how
?nuuh of these are true alluvial deposits and how much may have
been formed hy scree and the debrig of denudation from the sur-
rounding hill sides.  These patches of gravel h:t'vo been worked over
exceedingly well in ancient times, and old pits abound wherever
gravel exists.  The stream s w transverse one and the rocks ex-
posed in its bed are of a sandier nature than usual. A small pit
in the bed of the present stream had recently been opened and
displaved a scction of 2 feet of soil with over 6 feet of gravel
full of big stones. The gravel yielded 7-578 grains of gold per
cubic vard, but the deposit was of verv limited extent, being a
mere imcket in the surrounding rock.

The Hwe-hkam-long.>
This stream rises on the western flanks of Lol sar and flows in
an approximately southerly direction  to join the Nam-c-wa. [t
hes a well marked but thickly jungle-covered valley, and its lower
reaches contain numbers of old pits sunk iuto a shallow gravel de-
posit above the present level of the stream, which is about the same

Vo flwe-pung (Shan) - Valley of hees”
3 Hwe-hkan-long (Shan) = Great golden valtey.”
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size as the Hwe-pung. Tt is noteworthy that there are no pits above
its Junction with the Hwe-po-la. The gravel deposits are of very
limited extent and shailow. No prospecting was done on them.

The Hwe-mi-pang, Hwe-um-na and Hwe-hin-tap.

These streams are small mountain torrents and, according to the
few Shanized Palaungs who are the sole inhabitants of this neigh-
bourhood, contain neither gravel depoesits nor old workings and were
not therefore visited.

The Hwe-gna-sang.!

This stream contains the most extensive and richest gravels of
the area examined. 1t does not contain a large volume of water
and, for a certain part of its course, it flows throngh a narrow gorge
with high rock-bound sides. but ahove and below this are more
open places where  deposition has taken place.  Above Kung-to
the Hwe-gna-sang divides into two streams:—

(@), the Hwe-pung rising in or near Loi sar (A 4,223), and
flowing 8.-S.-E. and tlen E.-R-E. to where it joins,—

(b), the Hwe-mi-pang coming from the north, length of course
about 11 miles, and,—

(c), the Hwe-um-na, flowing at first west and then S.-W. and
joining the other two streams (@) and (b), just below
their confluence, after it has itself been joined by the
Hwe-ma-chi-nu from the S.-E. The highest gravel area
which T examined is situated at Kung-wo, and is some
two miles as the crow flies, though nearer 4 by the
stream, from the Sawbwa’s camp at Hwe-gna-sang.  Ioere
m a small embavient of the main vallev, surrounded
on all sides by high forest-covered spurs, about 1} acres
of gold-hearing gravel undsr an average of 6 feet of over-
burden exist, with possibly half as much again under
seree and terrace overburden from 20 to 35 feet thick.
Small .amounts of gold are said to have been obtained
from thin bands in this upper terrace formation. A
considerable amount of washing with the “cradle,”
I' have described in a previous paragraph, has been
carried on here and a long trench has been cut exposing

! Hwe-gna-sang (Shan)=* Valley of the Elephant’s tusk.”
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the gravel for about 100 vards. This showed the fol-
ing section:—

2 feet soil.

4 feot upper carthy gravel with sand.

4 feet lower coarse gravel.

The bottom laver alone contained the gold which in my own tests
averaged as high as 9687 grains per cubic vard. Quartz boulders
of very large dimensions were common, but wuater was not trouble-
some. Iuture operations have been complicated  owing to the
overburden from the present workings having been hanked up on
unworked ground.

The largest areas of gravel "were found hetween the lower end
of the gorge and the junction of the Hwe-gna-sang with the Nam-
e-wa. The valley opens out a little just below the gorge, and_ here
3 acres of gravel were found beneath an overburdenfrom 9 to 6
feet thick. L

Two pits were sunk in this *I deposit, the sections exposed being
as follows :— '

Pit No. 1—

3 feet soil.

1} feet clay.

1 foot fine gravel with some carbonaceous matter.
6 fecet coarse gravel, containing large boulders.

The upper gravel yielded 2442 grains of gold per cubic vard, and
the lower gravel 3-424 grains per cubic vard.
Pit No. 2— o
2 feet soil.
1 foot upper brackish gravel.
6 feet lower coarse gravel with some clay.

One cubic yard of the upper gravel was found to contain 1-302
grains of gold, and a similar amount of the lower gravel yielded
5324 grains of gold. In both pits the bed rock was encountered
and found to be a soft decomposed blue phyllite.  The greater part
of this area is under dense grass jungle.

This upper area is separated from the lower one, which T desig-
nate the Hwe-gna-sang camp deposit, by a narrowing of the main
valley. Gravel appears to exist in an irregular thin deposit on one
gige of the stream, but it is under overburden from 14 to 20

L]
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feet thick, and is therefore not considered worth working by the
Shans. The Hwe-gna-sang camp area is met with where the valley
broadens out again, and contains the largest gravel deposit of the
district, covering about 61 acres approximately. The plan attached
to this report shows the disposition of some of the pits which have
beeu recently opened up.

Pit No. 1 showed—

3 feet soil.

4 feet gravel.
The bed rock was rveached, but a cousiderable influx of water
necessitated the use of a bamboo pump, the pit being situated at
the stream level.  The gravel contuined a larger number of pebbles
than usual and one very large quartz bonlder was encountered.
One cubic yard of this gravel contained 452 grains of gold,

Pit No. 2—

4 feet soll.

1} fect upper gravel.

2 feet soft bluish sandv mud.
The influx of water then became so great that further excavation
could not be carried on.

Once cubic yvard of the upper gravet gave 2:76G grains of gold,
and a cubic foot of the sandy mud when washed vielded three fine
colours.

Pit No. 3—

3 feet soil.
3 {eet upper gravel with clay.
3 feet lower gravel with many large stones.

The inflax of water was not great in this pit and the bed rock
was met with.  One cubie vard of the gravel contains 2-8G4 grains
of gold.

Pit No. 4—

5} feet soil.

4 fect=upper gravel.
Further work was prevented by water. One cabic yard of the
upper gravel gave 3924 grains of gold.

Pit No. 5—

31 feet soil
2% feet gravel with numerous quartz boulders,
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One cubic yard of the upper gravel yielded 7-635 grains of gold.
Pits Nos. 6 and 7—
These pits were close together and showed the same section :—

2 feet soil.
31 feet gravel with large stones and clay bands.

An unusually large quantity of iron ores was found in.the con-
centrate, but the gold content only averaged 1:603 grains. T]le
lower parts of the gravel deposit seemed to be absent in these pits,
the bed rtock here as elsewhere heing the same soft. decamposed
chloritic slate, with an occasional well marked phyllitie structure,

Between the head of the Hwe-gna-sang ravine and Kung-wo
there are one or two little embayments where small quantities of
gravel have been deposited. The first of these has an extent of
about one acre. A pit sunk in the middle of this deposit touched
4 coarse pebble bed overlain by a thin l)and of comented gravel less
than 1 foot thick, at 13 feet. Pan tests on the gravel gave less
than 1 grain of gold per cubic yard. )

The sccond area examined between the head of the ravine and
Kung-wo is known by the name of Ha-seik and is about 14 acre
in extent. Two pits were sunk here and exposed :—

Pu No. I—

21 feet soil.

2 feet upper gravel, with a hard band of black cemented
material.

2 feet lower gravel. finer than the above, but full of water,
and containing large quartz boulders.

The upper gravel contained no gold, and the Tower gravel 202 grains
per cubic yard.
Pit No. 2—

3 feet soil.
3 feet coarse gravel with big stones,

e
This gravel yielded ‘93 grains of gold per cubic yvard. The third
area cxamined (known as Pang-ngu-lin) lies between the head of
the ravine and Kung-wo, has an extent of from 1} to 2 acres and
contains some old test pits. The overburden appears to have an
average thickness of about 8 feet, but the carthy, ferruginous gravel
found below it yielded no gold in the test T was able to make,
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High Level Terraces on the Hwe-gna-sang.

Both the areas on the Hwe-gna-sang, which 1 have called the
upper and the camp deposits, lying below the ravine, are bounded
by narrow higher terraces, the remains of which are generally seen
in small embayments of the main valley, There are four of these
altogether, two in the camp area and two in the upper area.
They vary in extent from } to 1 acre approximately. Old pits are
often found near the junction of the older with the newer deposits, the
reason for this being that the ground is drier and easier to work
through here. Gold s not won from them at the present day
though one pit has been sunk through the terrace formation in the
upper part of the camp area. Here I found a thin band of earthy
gravel lying above the bed-rock and covered by more than 20 feet
of overburden.

Another pit further down stream also showed a thin gravel
band under 25 feet of overburden. This gravel yielded 1587 grains
of gold per cubic vard.

Nam-e-wa.—Tests were made on the little gravel banks in the
bed of the Nam-e-wa near its junction with the Hwe-gna-sang but
no gold was found.

Examination of Quartz Reefs.

Three large quartz reefs situated, (1) near the village of Hto-
hei, (2) in a small tributary stream } mile above the Sawbwa’s
camp, Hwe-gna-sang, (3) 1 mile up the Nam-e-wa beyond its
confluence with the Hwe-gna-sang, were sampled. To clear away
the adjacent rock and to obtain representative samples, dvnamite
bad to be resorted to. The assay of the samples in the laboratory
of the Geological Survey of India in Calcutta has shown that the samples
contain no gold.

Summary of Results.

The general results of my examination of the gold bearing alluvial
deposits of this district is given in the annexed table, from which it
will be seen that the areas situated on the Hwe-gna-sang are the only
ones which need be taken into consideration here. Small patches
of gold-bearing gravel certainly occur in some of the other streams,
but they “are of very limited extent. The Kung-wo depoesit con-
tains an average of 9'687 grains of gold per cubic vard, but its

E
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small area and great inaccessibility preclude the possibility of the
introduction of modern methods of any kind.
The little areas of Ha-seik and other deposits above the ravine

carry a smaller quantity of gold and also have the same disad-
vantages as the Kung-wo deposit. The Hwe-gna-sang doposit is
made up of 9} acres (upper reach 3 acres, lower reach 0} acres), and
contains an average of 3:185 grains per cubic vard in both upper and
lowergravels ; moreover the distribution of the gold is exceedingly capri-
cious. The total value of the gold present here would only pay
a small part of the cost of a dredge and its transportation to, and
erection on, the ground, were other conditions favourable, which is
far from being the case. For the same reason I am unable to
recommend the adoption of any hydraulicing process, for the con-
struction of the necessary ditches and flumes would cost more than
the value of the deposit allows of, especially in an area where the
topographical conditions are not suitable for such work. The gra-
vels may well be left to be worked by the Shans in the manner
in which they are now being exploited, though I would advise the
abandonment of the “ rocker ” at present in use and the substitu-
tion of some form of “tom” in its place. The latter machine
is well fitted for the locality owing to the coarseness of the gold,

and it would treat from twice to three times the amount of
gravel in the same time at the same cost for labour. In conclu-

sion I would point out that the larger streams of this and sur-

rounding districts are worthy of an examination and that there

are greater chances of larger arcas of pavable alluvial deposits with

a more even distribution of gold being discovered in such stream-
beds, than in small tributaries which often have a rapid current and
are usually little more than nmiountain torrents.

EXPLANATION OF PLATES.

Prate 11.—Shans washing auriferous gravel at Hwe-gna-sang.

Prarr 12. —Plan of Hwe-gna-sang auriferous deposit.

L ]
Pratr 13.—Map showing Hwe-gna-sang concession,

Recerds, Vol. XLII, PL 11,
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SHANS WASHING AURIFEROUS GRAVEL AT HWE-GNA-SANG.
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NOTE ON STEATITE DEPOSITS, IDAR STATE. By C g
MIDDLEMISS,  Superintendent, Geological  Surcey of
India. (With Plates 14 to 16.)

FPYHIS note is to put on record a discovery of large stores of
i} steatite made  during  1911-12 fiekl-season. The  Jarger of
the doposits  occurs i the hillv arer between  the  scattered
Bhil villages of Doy Mori and . Kondob (position o the outerop
being lat, 237 39" to lat. 237 107, long. 737 28°), sheet No. 146 Bom-
bay, 17-1-mile survey.  The  bhed rins in an almost exactly N—8
direction following two north and south {lowing longitudinal stream-
beds and  erossing  the low httle *° pass 77 between them.  On
each side the parallel ridges are composed  of  quartzite (Hacket's
Delhi quartzite ?) whose strike is  definite and  dip  obscure and
varying, but generally steep. The line of the steatite outerop is
believed to be a sharply folded anticline near the hittle ©* pass 7
just 100 vards south of which runs section I Hall a mile N. of
this in the little elliptical hollow in the hills the antichine splayvs
out showing a dip of 40°K in its castern limh, by a well secetion
and in the hills to N.NCE. of the well (see section T1).

Owing to obseuring soil and talus from the quartzite hills, ex-
posures are partial hut fanly numerous.  Aeross the best of these
the two sections have been drawn, the details being angmented by
a number of shallow pits which [ had sunk (2 to 6 feet in depth)
to prove the outerop where hidden.  Up to date the estimates
arrived at are length of bed over | mile, width over 200 feet
with  practically  vertical dip.  Section 1, near the northern end
of the outevop, will require deep pits to determine the  condition
obtaining at the centre of the anticlinal  there.  Over 200 feet
have been shown by pits on the western side with vertical dip
and about 10 feet are exposed in the welll 210 yards distant to
east, with a dip of 40°E.  The pits excavated hetween these
positions showed hard kankar and calearcous tufa at from 3 to 5
feet below the surface.  IFrem the great quantity of fragments
scattored all over the elliptical hollow in the hills and lying on
the w0l and allavium, T think it probable that the steatite will
be found nearly throughout the section.
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her proper course, and following the usual track between the two
ports. The true bearings when the vessel was aground were
Button Island, north 62° east, centre of Round Island, south 30°
east, Bare Hill north 22° west. The steamer took the mud at 6-30,
the depth of water at the bow being 9 feet and at the stern 12
feet, whilst she was drawing 17 feet of water aft. A sounding with
the hand lead immediately before the grounding gave 5% fathoms of
water. The ship appears to have been firmly embedded in the mud,
as she did not rise in the slightest degree, whilst the lead when
used sank into a moving mass of mud, so that in the words of
Captain Abbott, ‘‘ the more line you gave the lead the deeper
it sank’’. The water on the port quarter appears to have gradually
deepened so that when the vessel was put full speed astern at
7-25, she immediately came off the mud, and having been backed
for 5 cables, was anchored in 7 fathomsof water until daylight
next morning, when cross bearing observations showed that she
was still on the proper track.

Captain Abbott did not then think it wise to continue his voyage
through the Straits and he proceeded to Sandoway by going around
Cheduba Islands. There appears to be little doubt that the cause
of the vessel’s grounding was the raising of the sea bottom by the
accumulation of a mass of soft but viscous mud,” the product of
the eruption of a submarine mud volecano. It is to be regretted
that we have no observations of the state of the sea at the time,
though it seems possible that there might be lttle or no evolu-
tion of gas if the actual eruption was over.

Messrs. Bulloch Brothers have informed me through the Port
Officer in Akvab that, up to the middle of June last, the com-
manders of their three mail steamers at present employed on the
Arakan Coast were unaware of any further disturbances caused by
mud volcanoes.

In most parts of the world, where geological conditions have
favoured the formation and accumulation of petroleum, mud vol-
canoes with thcir associated phenomena exist. It is not often,
however, that the geographical conditions necessary for submarine
eruptions occur, though gas explosions have been reported from
the Caspian Sea and off the coasts of the oil-bearing regions of
Trinidad, Mexica and California.

It may not 'be out of nlace to quote here descriptions of the
nbmarine gas explosions of the Caspian Sea, as a comparison
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The local name is *° uéraith,” the word ‘¢ harsonth '’ is not

frequently used. The only use that I canhear of was for pounding
up and conversion into ‘‘ whitewash >’ but I fancy most is ex-

ported and the real uses are not known locally, the business of the
finders ending with sale to the baniya.

[C. A. SiLBERRAD, 1.C5., B.A., B.SC.,

Collector, Jhanss.]
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with the similar observed instances of the Burmese Coast. * Marv;
describes one spot in the sea off Bibi-Eibatl, between Baiel lfl‘f)
and Shikoff promontories, where the petroleum sases reached Ot(])
surfa?e in such volumes that the violent chullition set wp |‘l:
sufficient force to capsize boats that passed over the plucoI '1)‘;“
same traveller a’so mentioned that if a light were applied to' le

. _ some
parts (;f t}'lcl sea in Baku Bay on a calm day, acres of water wore
covered with flame; but t , : i8i

; these cffects are no longer visible, due

pqrhaps.‘to the active exploitation of the Bibi-Eibat ol field
with wh}ch the outcrops are in communication. ({as still howl: -(’
escapes In such volumes from the bed of the Caspian Sea i(“‘"
few pla'lc’es, that the surface is violentlv acitated rondvrir;" ntln
spots visible from a long distance on a (:nlnlhdlxx" ‘but it is ht t' 1(;
by old obsgrvers that these phenomena are d(:('r’ensinn inl S\;: et
a8 the' active exploitation on the shore proceeds 61)\ (; :1'1‘
attmct_lons of Baku to curious sight-seers is to wit;l.o‘m tl( . .
ﬁre', either of Bailloff Point or near the coast of H()Al‘- IT S(l‘ﬂ f(:r‘
which steam yachts may be hired or borrowed to (-(;‘nvi'm:'(i;itors
t(? thc' locality. On a calm night the disturbed spots ‘-" ron(iily
filsc'e'mlblc, and when a piece of lighted tow iy ﬂuln'«y : t"“ﬂ aas
ignition takes place, and the gas burns fiercel ehing the paint

' . v, scorching the paint
on the sides of the vessel if allowed to npproach t()(: ncal!- If

the i . . :
f e ?\md m} not too high, the zas contines to hurn for davs
ut]in a high breeze and rough ne

: sea the flame iy 1|
\ ) ) h ) Y :
side and extinguished. 2 fown fo one

[J. CocciN BrowN.]

Selenite in the Jhansi District, United Provinces.

When selenite was reported as i ; g
(See account thereof in pRec. Geol.f(’g:;i. lInndtize )}{I}[S‘(l{’r;‘;r sz”gt
my attention was called to the fact by the Chief Secretary (f; th o2
Provinces w}}o suggested that possibly it might also be fou dlo'.qe
the Jhansi district. I accordingly instituted inquirieg “.ithl th ne
Phat I_ learnt that it was found in the villages of Gonti uﬁ(; g‘sult
In .the northern part of Tahsil Garotha ; while the ‘* Gajar M '}(:!{?!
which in Hamirpur is said to be associated with the] ﬁndil:)tnlof

(ol

! The Bibi-Eibat Oil Field is situated 3 miles to t
shore of the Caspian Sea in Snuthern Russia.m] v to the south of Baku on the Western

? L e Oil Fields of Russia,” by A. Beeby Thomson, page 101,
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selenite, was reported as existing in the villages of Dhanora, Kakar-
bai, Parsua and Siya! (all of which are in the neighbourhood of
Gokal) though there is no record of the actual finding of selenite
in any of these four. All these villages are in the north-cast corner
of the district, ¢.c., part nearest to that part of the Hamirpur
district in which selenite is found.

In February 1910 I was able to visit the place in Gokhal where
the sclenite is found. It lies about one mile 8. W. of the village
in the ravines along the Bira Nala in obviously just such a manner
as is described by Mr. LaTouche. The ““ Gajar Mathi > with
which it is associated is a peculiar friable vellow eclay. which m
the dry season cracks in every direction Into small picces, varying
in size from little over a quarter inch across at the surface to
large blocks up to 6 or 8 inches across at a depth of a foot or so
where it is moister. So friable is it that there is no difficulty
in cxcavating a hole a foot or more deep into the sloping side
of the ravine with the hands or a stick. In the rainy season
this soil forms shish into which a man will sink a foot or more.
It is always singularly barren growing scarcely any of even the
coarsest ¢rasses that cover most of this ravine country elsewhere
in the wet season. The sclenite crystals are found scattered in
this clay; but are mostly gathered at the end of the rains when
they have been washed out and either left on the surface of the
ravine or clse deposited in the stream bed below.

The oceurrence in Gonti village is situated 2§ miles east of the
inhabited site and a little less than a mile 8. W. of that of Malehta
(long. 79° 15" ; lat. 25° 48') at a place called the ‘“ Usraithi Bank ™’
Lin the ravines of the Gararvao Nala. The crystals are found
during and after the rains washed out of the bank. I have not
been able to visit this spot, but from the account I have received
thereof it appears to be very similar to that at Gokal.

T had a couple of pounds of crystals collected at each locality
(the price is one anna per scer in the village where it is found)
and sent them to the Allahabad Exhibition. The description given
by Mr. LaTouche of the Hamirpur selenite applies to that found
here. The crystals from Gonti were cleaner and brighter looking
than those from Gokal.

1 [ give the positions of the villages named «Dhanora long. 79°207; lat. 25° 43";
Gokhal 79°19’. 25°47’; Gonti 79° 12', 26° 47’ ; Kakarbai 79° 23, 25° 42’ ; Parsua 79° 17,
95° 40’ ; Siyia 79° 20, 25° 40",

F
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DISPOSITION LIST.

1. During the period under report the officers of the Department

were employed as follows :—-

Mg. C. 8. MipDLEMISS

Mr. E. VREDENBURG

Dr. .. .. FErRMOR .

Superintendents.

Returned to head-quarters on the
16th April 1911, Granted privi-
lege leave for 3 months with
effect from the 9th May 1911,
Returned from leave on the 7th
August 1911, Placed in charge
of the Bombay, Central Tundia
and Rajputana party. Left for
the field on the 18th November
1011.
At head-quarters as  Palvonto-
logist  till 13th October 1911,
Granted privilege leave for |
month and 13 days and study
leave for 4 months and 29 days
with effect from the 14th Octo-
ber 1911,
Deputed  from the 22nd  March
to 22nd April 1911 to examine
the copper-lodes  of  Sikkum,
Placed in charge of the Central
Provinces party and left for the
field on the 28th October 1911.

Assistant Superintendents.

Mg, P. N. DaTra

Returned from the ficld on the
5th May 1911. Granted privilege
leave for 6 weeks with effect
from the 10th October 1911.
Returned from leave on the
21st November 1911. Posted
to the Burma party and left
for the field on the 12th Decem-
ber 1911,
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Dr. G. E. PrLgriM . .

Mr. . H. TipPER .

Mr. H. WALKER

Mr. E. H. Pascor . .

Mr. K. A. K. Hautowss

Mr. G. nE P. (oTTER

Returned to head-quarters on the
20th April 1911. Granted privilege
leave for 3 months, study leave
for 3 months and 20 days,
and furlough for 3 months with
effect from the 15th May 1911.

Returned from the examination
of the samarskite deposits in
Nellore, Madras, on the 26th
February 1911. Acted as Curator
till the 13th October 1911,
and appointed Paleontologist
from the 14th October 1911.

Granted privilege leave for 2
months and 22 days and fur-
lough on medical certificate for
3 months and 8 days with
effect from the 20th January
1911. Returned from leave on
the 17th July 1911. Posted to
the Central Provinces party and
left for the field on the 16th
November 1911.
Returned to head-quarters on the
24th April 1911. Granted privi-
lege leave for 3 months and
study leave for 6 months and
9 days with effect from the
15th May 1911,
Returned to head-quarters on the
21st May 1911. Posted to the
Burma party and left for the
field on the 7th November
1911,
Returned from leave on the 20th
April 1911.  Appointed Geo-
logical Officer, Oil-fields Advisory
Board, Yenangyaung; left head-
quarters on the 22nd September
1911.

B2
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Mr. J. Coaoml Brown

Mr. J. J. A. Pace .

Mg. H. C. JonNES .

Returned from leave on the 7th
March 1911. Deputed to ex-
amine and report on the gold-
bearing gravels in Mong Loing
State, Northern Shan States,
and left for the field on the
28th  April 1911.  Assumed
duties of Geological Officer, Oil-
fields Advisory Board, Yenang-
yaung on the 13th May 1911,
Returned to head-quarters on
the bth October 1911. Ap-
pointed Curator from the 14th
October to 13th November 1911.
Deputed to accompany the Abor
Expeditionary Force and left
head-quarters on the 13th Nov-
ember 1911,

Returned from the field on the
fth March 1911. Granted special
leave for 3 months and 2
days with effect from the Tth
July  1911. Returned  from
leave on the 9th October 1911.
Deputed to Mergui and Tavoy
to advise on the wolfram and
tin-mining industries of Lower
Burma and left for the field on
the 17th November 1911.
Returned to head-quarters on
the 17th May 1911. Granted
privilege leave for 2 months and
98 days with effect from the
30th June 1911.  Returned
from leave on the 9th October
1911. Re—posted to Central
India for continuation of the
survey of Gwalior State and
left for the field on the 14th
November 1911,
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Mr. A. M. Heron . .

Mr. M. Stuarr . .

Mr. N. D. Darv . .

i

General Report for 1911. 63

Returned from the field on the
9th May 1911. Granted privi-
lege leave for 2 months and
28 days from the 30th June
1911. Returned from leave on
the 9th October 1911. Re-
posted to the Bombay, Central
India and Rajputana party and
left for the field on the 25th
October 1911.

Returned from leave on the 12th
February 1911. Services tem-
porarily transferred (from the
18th February 1911) to the
Madras Educational Department
to act as Professor of Geology at
the Presidency College, Madras.

Granted privilege leave for 35
days from the 3rd January to
6th February 1911. Re-posted
to the Bombay, Central India
and Rajputana party for the
survey of Dungarpur State and
left for the field on the 23rd
February 1911. Returned to
head-quarters on the 11th May
1911. Deputed to the College
of Science, Poona, as Lecturer on
Geology from the lst June to
30th September 1911. Re-posted
to the Bombay, Central India
and Rajputana party and left
for the field on the 18th October
1911.

Mz. H. 8. Bron . . o Joined the Department on the

28th February 1911. Appointed
Curator on the 14th November
1911.
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Mr. C. 8. Fox

Dr. W. A, K. Curisng .

S. SerHu Rama Rau

M. Vinavak Rao

BargiM Bivarr Gupta

Joined the Department on the
2nd March 1911. Posted to the
Central Provinces party and left
for the field on the 15th QOctober
1911.

Chemist.

. Returned from leave on the 8th
January 1911, Deputed  to
Sambhar from the 26th Febru-
ary to 14th March 1911 in
connection with the investiga-
tion of Sambhar lake brines.
At head-quarters for the rest
of the period under report.

Sub-Assistants.

+ Returned to head-quarters on
the 18th May 1911. Attached
to the Burma party and left
for the field on the 27th October
1911,

Returned from the field on the
20th May 1911. Attached to
the Central Provinces party
and left for the field on the
95th November 1911.

Field Collector.

Appointed on “the 17th July
1911.. Attached to the Central
Provinces party and left for the
field on the 2nd December
1911,

el

[
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ADMINISTRATIVE CHANGES.
2. The following officers joined the Department during the period

-under report :—
Mr. H. 8. Bion, B.Sc. (London), F.G.S., joined on the 28th

New officers. February 1911.

Mr. C. 8. Fox, B.Sc. (Birmingham), M.LM.E., F.G.S., joined on
2nd March 1911.

3. Mr. G. H. Tipper was appointed Palzontologist with effect
from the 14th October 1911, wzice Mr. E.
Vredenburg on leave. '

Mr. J. Coggin Brown was appointed to act as Curator from the
14th October to 13th November 1911, when he was relieved by
Mr. H. 8. Bion.

4. Mr. G. H. Tipper, Assistant Superintendent, Geological Survey
of India, was appointed to officiate as Superin-
tendent with effect from the 14th Qctober 1911,
viee Mr. E. Vredenburg on combined leave.

5. Mr. C. 8. Middlemiss was granted 3 months’ privilege leave

Leave, with effect from the 9th May 1911.

Appolatments.

Promotion. '

Mr. E. Vredenburg was granted privilege leave for 1 month and

13 days and study leave for 4 months and 29 duvs with effect from
the 14th October 1911.

Mr. P. N. Datta was granted privilege leave for 6 weeks with
effect from the 10th October 1911.

Dr. G. E. Pilgrim was granted privilege leave for 3 months,

study leave for 3 months and 20 days, and furlough for 3 months

with effect from the 15th May 1911.
Mr. H. Walker was granted privilege leave for 2 months and

22 days and furlough on medical certificate for 3 months and 8 days

with effect from the 20th January 1911.

Mr. E. H. Pascoe was granted privilege leave for 3 months and
study leave for 6 months and 9 days with effect from the 15th May
1911.

Mr. J. J. A. Page was granted special leave for 3 months and °

2 days with effect from the 7th July 1911.

Mr. H. C. Jones was granted privilege leave for 2 months and
28 days with ceffect from the 30th June 1911,

Mr. A. M. Heron was granted privilege leave for 2 months and
28 days with effect from the 30th June .1911.

]
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Mr. N. D. Daru was granted privilege leave for 35 days with
effect from the 3rd January 1911.

OBITUARY.

6. The Geological Survey has lost a valuable coadjutor by the
death of Dr. “Victor Uhlig, who during the course of a large number
of years had devoted himself to the study of the fossils of the Spiti
shales. The results of his work have appeared in the Paleon-
tologia Indica, and in my previous report I was able to write
that the final part had been reccived from the suthor. Dr. Ublig’s
knowledge of the fauna of the Spiti shales was unrivalled, and
his loss will be severely felt.

7. The sudden death of Mr. T. R. Blyth, Assistant Curator, on
March 21st has already been referred to in the previous volume of
these Records, The lapse of time only emphasizes the value of his
services and the difficulty of adequately replacing him.

STUDENTS.

8. Sayad Abdul Karim, B.A., of Hyderabad State, was under
training until July 12th, when his course was completed and he
was allowed to return to his State. During the carly part of tllxe
year he was attached to the Central India party and worked In
Bharatpur State.

UNIVERSITY LECTURES.

9. Mr. Vredenburg continued to hold the post of Lecturer on
Geology at the Presidency College, Calcutta, until October 14th, when
he took leave. He was succeeded by Mr. H. 8. Bion.

10. The services of Mr. Murray Stuart were transferred to the
Government of Msdras on February 18th, when he took up the
appointment of Professor of Geology at the Presidency College,
Madras.

11. Mr. N. D. Daru acted as Lecturer on Geology at the College
f Science, Poona, from June lst until September 30th.

PUBLICATIONS.

12. The publications issued during the year 9omprise one volume
, of .Records, two of Memoirs, and two memolrs of Palaontologia
Indsca.
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LIBRARY.

13. The additions to the library during the year 1911 amounted
to 3,107 volumes, of which 1,187 were acquired by purchase and
1,920 by presentation and exchange.

OFFICE.

14. The considerable increase of work during recent years made
it necessary to apply to Government for an increase in the subor-
dinate staff generally ; this was sanctioned during the year, with the
result that additions have now been made to the clerical staff,
as well as to that of the Drawing Office and of the Museum,

DRAWING OFFICE.

15. After a service of thirty years, of which twenty had been
spent in the post of Artist to the Geological Survey, Mr. H. B. W.
Garrick retired on November 19th, 1911. The present high standard
of the illustrations of our publications is due largely to Mr. Garrick’s
zeal and efficiency, whilst the conscientious and painstaking way
in which he carried out his work invariably earned for him high
praise from his official superiors. The loss of his services will be
severely felt.

16. The new edition of the geological map of India (1”=32 miles)
was completed during the year and 100 copies prepared. Most of
:hese have already been disposed of, but a few have been reserved
or sale. ‘

MUSEUM AND LABORATORY.

17. Mr. G. H. Tipper was Curator of the Museum and Labora-
tory until the middle of October, when Mr. J.
4 Coggin Brown was appointed. When the latter
left to join the Abor Expeditionary Force early in November,
Mr. H. 8. Bion took over charge. Mr. T. R. Blyth, Assistant
Curator, died on the 2lst of March. His loss is very severely felt.
Babu Durga . Sén}car Bhattacharji was appointed on probation as
Museum Assistant for Mineralogy and Petrology. Babu Bankim
Bihari Gupta having been promoted to Field Collector, M. R. Ry.

A. 8. Subba Iyer, B.A., was appointed on probation in his
place.

Staft.

L
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umber of specimens sent to the Laboratory for exami-
Dl's;m::?“ﬂ and naticl))n and report was 325; of these assays and
chemical work. analyses were made of 44. ' -
19. Mr. Tipper examined a very interesting co!lectlon of Jurassic
fossils collected near Shekh Budin by Mr. Copelanq,
1.0.S., Deputy Commissioner of ‘ Dera Ismail
Khan. Although collected without reference to stratigraphy, the:y"
are quite sufficient to prove the occurrence amongst the Jura-ss;(,
beds of the Trans-Indus Salt Range of a liassic fauna comparbz. e
in every respect with that so well developed In Ba.luchls'tun(i h9rl(:
recently fossils sent by the same collector have been received, whic
have been collected entirely from the lias. They include—

Harpoceras 2 8p.

Pecten sp.

Lima sp.

Thracia sp. and others W

istan forms. '
Bal;:l Dt:ring the year there were three ucqui:«}itions to the me.teonltl,e

collection, all of falls which .took place in the

Meteorltes. previous year. Further po.rt':lons of the le;,nd:a,
and Bilaspur aérolites were reccived and in uddltm‘n twofsrlx‘;nl m,:;:t;
ments of the Indore meteorite, which fell on the 24th um .'T)\;l;wm
1910 at the village of Lakangaon, in the pergana of 1ll\u. g th(;
Nimar district, Indore State. This fall was unrepresented m‘s e
collection until the Indore Durbar were kind cnough to prese
the?l.s'll).‘?lzm::;:ic of re-labelling and re-arrangin;?r thfa rock collgctnons

is almost complete. The Slwuhk' gallery 18 nowz

Maseua. provided with printed labels. The rc;;an:l;%:ad
ment of the invertebrate fossil gallery has been tak?:i ;10 ! m(\)f e
satisfactory progress made. A copy of the new ouln % framod,
geological map of India'. (1”1=132 miles) has been m ;

i allery.

and2§1&(c)0;1 l}ilisthve:/xets:!c:;:et% heZd—quarters at the end of the field-

geason 1910-11, Dr. G. E. Pilgrim visited the
Other Museums and [ .} ore Museum at the request of the Curator

Colleges. “and arranged and labelled a large collection of
Siwalik fossils. .

mcl;?s a;\lii. D. N. Wadia, Professor of Geology, Prince of Wales’

Colleg;a Jammu, was given facilities for undertaking petrographical

Fossils.

hich are specifically identical with

O
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and other research in the Laboratory for about two months during
the monsoon.

MINERALOGY AND PETROLOGY.

24. Mr. Fox has measured, and described in the preceding part
of this volume of the Records, some crystals of red bloedite from the
Mayo Mine in the Salt Range. Except in colour, they differ but little
from previously known crystals of the same mineral from other parts
of the Salt Range; they show a face, however, ¢ (311), not hitherto
observed on any of these.

25. Mr. Tipper continued his examination of the monazite-
bearing sands of Travancore, and, in addition, has been able to
detect the presence of this mineral in small quantities in very
widely separated localities. It has been proved to occur in small
quantities in the sands near Tinnevelly and also in the cemented
dunes of that district, in the Vizagapatam district, in concentrates
from the Sabarmati river at Golwara in Idar State, and recently
in tin concentrates from Southern Burma. Thunks to the kindness
of Mr. H. P. Herbert, Manager, Morgan Crucible Company’s Mines
in Travancore, and Mr. E. Masillamani, State Geologist, spécimens of
the monazite-bearing pegmatites of that State have been carefully
examined. The monazite is undoubtedly a primary accessory
mineral, but, like many other accessory minerals, it does not follow
auy particular order in crystallization. Some of these pegmatites are
very rich in monazite. In spite of this, the conclusion to be
drawn from a study of the sands is that the bulk of the mineral is
derived, not from the pegmatites, but from the denudation of the
charnockites and granulites in which the monazite probably occurs
in small quantities.

26. During the course of his survey of Idar State, Mr. Middle-
miss met with a rock of unusual type and one of considerable
interest. It occurs as a band at the junction of the Idar biotite
granite with the Kawa dyke of olivine-dolerite (gabbro) at one mile
north-west of Kawa. Microscopically it is a coarse, dark and light
rock, with large poikilitic patches of biotite. It is composed of a
fairly large amount of orthoclase, occasionally porphyritic as in the
Idar granite, abundant lath-shaped plagioclase (albite-oligoclase) and
quartz, a considerable amount of pyroxene in rather small idio-
morphic and hypidiomorphic grains, often gathered together into
clusters and showing here and there change to uralitic hornblende, &

L]
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large amount of biotite in great ophitic plates and, as accessories,
iron ores and rather much apatite. Mr. Middlemiss regards this rock
as a composite or ““ hybrid ” one, due to chemical reactions between
the two rocks now found on either side of it, z., the Idar granite
and the younger intrusive Kawa dyke of olivine-dolerite. He con-
cludes that owing to the basifying of the granite consequent on this
intrusion, the quartz and orthoclase of the former have remained
unaltered, but all the usually dominant microcline has disappeared,
its place being taken by abundant plagioclase (albite-oligoclase); at
the same time both the biotite and apatite of the granite have been
largely reinforced. Or, regarding the reaction from the point of view
of the basic rock, the more basic plagioclase (labradorite) has dis-
appeared, as also has the olivine, whilst the pyroxene has per-
sisted in more or less patchy groups. Except on the supposition
of a commingling of material and chemical re-arrangement having
taken place, it is difficult to classify & rock of such abnormal
mineral constitution among the ordinary igneous rocks, and Mr.
Middlemiss considers that all the conditions-of its occurrence point
to its being a hybrid.

27. During a course of study leave spent at Cambridge, Mr.
Pascoe made o detailed examination of the lavas from Mount Popa
in Upper Burma, and was able to confirm the conclusions of pre-
vious observers that these consist exclusively of andesites. He
recognises two types, one a hornblende-andesite in which the horn-
blende phenocrysts show strong absorption borders and much al-
teration to magnetite, and the other a porphyritie augite-andesite with
small rounded grains of olivine.

PALAONTOLOQY.

98, Amongst the collections from the Spiti shales nsent;l to the
late Dr. Victor Uhlig for description, there were

gn:'t.:ﬂzmg:n .tl::: a number of lamellibranchs and a few gastro-
pil shales. pods; these were handed over by Dr. Uhlig
to Dr. Karl Holdhaus, whose description of the material has now been
received and will shortly be published in the Palwoniologia Indica.
Dr. Holdhaus states that his examination of the bivalves tends
generally to confirm the conclusions already arrived at by Dr. Uhlig
from his study of the ammonites. At the same time the fauna
seems to represent a very special and individualised facies, since,
with the exception of certain species of Astarte, Dr. Holdhaus has
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!)een .unable amongst 37 species to find a single one that is truly
identical with similar species from other regions; he has thus un-
fortunately been compelled to create a number of new species and
one new genus. The gastropods are few in number, poorly pieserved,
and of no particular importance.

29. A very important work on Himalayan palzontology has
just been completed by Mr. Cowper Reed,
- ';;,“J:,{;",,",;‘,’,‘;f“"“ namely, the description of the Ordovicvival.)n and Silu-
) rian fossils of Spiti and Kumaun. The material
desc.rlbed includes Salter’s duplicates of Strachey’s original collections
Stohcz!{a.’s collections from Spiti, Griesbach’s from Kumaun, Krafit's
and mine from Spiti and Bashehr, and various small collections made
by Messrs. Hughes, La Touche and others. Mr. Cowper Reed has
been a._ble to recognise definitely both Ordovician and Silurian faunas,
of which the most remarkable feature is the striking American stamp
of the Ordovician. Thirty-four species are closely related to American
forms, but “ while the affinities of so many species 18 remarkably close,
yet scarcely any or perhaps even none are absolutely identical”;
Mr.' Reed attributes this to “a certain amount of modification
havmg taken place in the course of their long migration from
America.” Equally remarkable is the absence from the Ordovician
?aun?. of any European affinities, a fact which is the more striking
In view of the very marked European character of the Ordovician
of the Northern Shen States. The Silurian fauna on the other
!mnd, although showing distinct American affinities in the corals
18 on the whole rather European, although the strong European’
facies found in the Shan States is not developed.
30. Dr. Diener haslo cmepleted, for publication in the Paleon-
to oL ndica, a description of the collections of
Kehoe© ‘"¢ #°®  Trisssic fossils made by Mr. Middlemiss in
Kashmir during the last few years. Amongst
these Dr. Diener recognises representatives of the Lower Trias
Muschelkalk, and carnic stage of the Upper Trias. The lowest horizox;
of the Lower Trias, which is found at Pastannah, corresponds fairly
closely with the Otoceras zome of Spiti and Kumaun, The genus
Otoceras, however, has not been found in it, but Ophiceras and
Xenodisous predominate. An interesting feature of this fauna is
the close connection t'hat has been proved between these two last-
na.med. genera, the .lntel'mediate forms being comprised among
Mr. Middlemiss’ specimens. The lamellibranchs, however, are more
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important than the cephalopods, and include large numbers of
Pseudommotis (Claraia), of which four species are particularly in-
teresting as representing isolated elements of Mediterranean origin,
but all leading forms of the Werfen beds of the Alps. A younger
Lower Triassic fauna containing Flemingites and Meekoceras is
attributed to the Hedenstroomia stage of Spiti and Kumaun. A
fairly rich fauna was obtained from this horizon in the Guryul
ravine, and a similar collection from Mandakpal. The marked
resemblance between the Lower Trias of Kashmir and that of Spiti
and Kumaun is in decided contrast to the absence of resemblance,
indeed to the dissimilarity, of the Muschelkalk. Throughout those
more easterly parts of the Himalaya, the physical characters of the
Muschelkalk are practically invariable, and the steep cliff of the
nodular limestone always forms a characteristic feature which cannot
be mistaken. This, however, appears to he quite absent from
Kashmir. So far as the fauna is concerned, Dr. Diener confirms
Mr. Middlemiss’ view as to the absence of Lower Muschelkalk forms
from all the collections hitherto made, whilst every fossil that can
be assigned to the Muschelkalk appears to belong to the Trinodosus
zone of other parts of the Himalaya. The only upper Triassic
fossils in Mr. Middlemiss’ collections consist of lamellibranchs and
brachiopods, which, although marked by certain Upper Muschelkalk
affinities, are regarded by Dr. Diener as, on the whole, indicative

of a carnic age.
31. Professor Seward has completed a detailed critical study of
the plants collected by Mr. Grieshach and by
M::::::"n'.’""" from e in Afghanistan. Mr. Griesbach’s collections,
which come chiefly from Chahil and Shisha
Walang to the north of the Kara Koh (Afghan-Turkistan), are regarded
by Professor Seward as perhaps as old as lias or rhetic, whereas
my collections, chiefly from the country to the south of the Kara
Koh (Saighan and Kahmard), he regards as Middle Jurassic (Inferior
Qolite). This rather tends to confirm the suggestion (Memoirs, Geo-
logical Survey of India, XXXIX, page 77) that the volcanic Doab
series of Saighun is represented in Afghan-Turkistan by the estuarine
and shallow-water marine deposits which contain Halobie of Upper
Triassic affinities. Professor Seward also confirms the view that
the affinities of the Afghan Jurassic flora are with that of the
provinces of Fergana and Syr Darya, that is to say, of Angaraland
rather than of Gondwanaland.
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32. By the kindness of Mr. @¢. E. Harris, Agent and General
Possil plants from the Manager of the Assam Railways and Trading
Assam coal measures, ~ COmpany, I have recently been enabled to send
’ to Professor Seward certain specimens of the
Tertiary flora associated with the coal-seams of Margherita in Upper
Assam. Good specimens are rare, as the shale rapidly disintegrates
on exposure to the atmosphere. In the present insténce, hogever
Mr. Harris had obtained a large fossiliferous block, which he imme:
diately varnished, thus preserving it for some time from the effects
of the atmosphere. The fossils consist chiefly of dicotyledonous
leaves, which Professor Seward has described under the name Phyllites
kamarupensis. They are unfortunately not sufficiently distinctive to
warrant any statement as to geological age, Professor Seward’s
paper appears in this part of these Records.

ECONOMIC ENQUIRIES.
Asbestos.

33. During the course of his survey of Idar State Mr. Middlemiss
discovered in the hills to the south-east of
‘ Dev Mori (23° 39’: 73° 28") 4 deposit of as-
bestop, which appears to be of excellent quality. Tt occurs in laree
rod-llkz.a masses, which, when soaked in water and dried, come out :s
long ‘mlky masses of beautifully white fibre. The m’ineral is the
ampl}nbole-variety and is long in staple, some fibres being as much
as eight inches in length. The deposit is being opened hp by the

' O&l auth I‘itles &nd if itr t() 0 y 8lze, 8 O I)e w
[», O » pl’()veB be f an 4
Coal.

34. During his investigation of the oil-fields of Assam, Mr. Pascoe
took t}3e opportunity of visiting the valley of the
. Namchik river to the noith-east of Maroherita
Here he discovered a fine seam of coal, some sixty feet thic]? Thé
resul.ts of his investigation have already been published 1:n ﬂxe
previous volume of these Records (Vol. XLI, page 214)
35. The proposed borings for coal on the Dilwal plateau of the
Pusab. Salt Range were put down during the latter
0 . part of the year, at Tothral and Arar. These
villages lie well back from the southern scarp of the rance and
are separated from one another by a distance of about 2; miles

Idar State.

Assam.
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If, therefore, there was a coal-field of any considerable extent
below the nummulitic limestone of the plateau, evidence of its
presence should be found below Tothral and Arar. No coal,
however, was found at Arar, and a seam only & few inches thick
at Tothral ; at the latter place, the boring was carried to a depth
of over 112 feet below the coal into the Olive series, and the general
sequence proved to be similar to that at Dandot. The Arar and
Tothral sections are given below, and that obtained from the pre-
vious boring at Dandot is added for comparison :—

Arar. Tothral. Dandot.

Surfaco soil, débris and .

nummaulitic limestone . 99’ 3° 17 o 1270 0
Variegated shales . . s 10 @ 10 ¢ 11’ e
Limestone with so.me oal- ‘

careous sandstone . 131° 9 156’ ¢ 140’ 6*
Alumshale . . . 27 6" Tw o | s e
%al-mam . . . cens I’ 4 V107

Pink marl. Grey shale. | Dark grey shale.

The persistence in character and thickness of the variegated, shales
lying between the two bands of nummulitic limestone is very marked,
as also is the uniformity of the lower limestone. The results of
these borings lead to the inference that the coal-seam is thinner
under the Dilwal plateau than in the neighbourhood of Dandot,

that is to say, that it thins out and disappears towards the :

north. The data are of course insufficient to admit of any definite
statement to that effect, but they give us no encouragement to
expect that the seam under the Dilwal plateau will ever be appre-
ciably thicker than that along the scarp, whilst the results of these
investigations hold out no inducement towards further borings on
the other plateaux of the Salt Range.

Copper.

36. With a view to the preparation of a memoir on the copper
deposits of India, Dr. L. L. Fermor was deputed to Sikkim to

wi

Part 2.] General Report for 1911. 75

examine the ore-bodies of that State. The most important are
those of Bhotang and Dikchu. Both deposits occur interbedded
with the associated rocks, being of the nature of interbedded
replacement deposits ; but whereas the Bhotang deposit is in a
comparatively unmetamorphosed form of the Daling series, the
Dikchu deposit occurs in the belt of highly crystalline mica-
schists with associated gneisses, forming a boundary zone between
the Daling series and the Sikkim gneiss. In both cases, the
copper-ore is chalcopyrite, the chief associated sulphide being pyrrho-
tite. But, especially at Bhotang, galena and blende are also of
somewhat common occurrence. Dr. Fermor finds the origin and
mode of occurrence of these ores to be similar to those of the
Singhbhum copper-lodes. In each area the lodes are interbedded
in the Archaan rocks (Dbarwars in Singhbhum and Dalings in
Sikkim, the garnetiferous rock of Dikchu being probably a highly
metamorphosed form of the Dalings); in each area the bodies of
copper-ore have been formed by the metasomatic replacement of
the associated rocks; and in each area the copper-bearing forma-
tions are close to large masses of granitic rocks, from which, one
may conjecture, the copper-besring solutions were derived. In
Singhbhum there are numerous basic (epidioritic} dykes associated
with both the granites and the Dharwar rocks (schists, quartzites,
ete.), and, a8 an alternative to the derivation of the copper-bearing
golutions from the granites, it is possible to suppose them to be
closely connected with the basic dykes. The disposition of the
Singhbhum copper deposits as an aureole in the Dharwars following
the curvature of the Dharwar-granite boundary is, however, in
favour of the former suggestion, which, ss it happens, is also more
suitable for explaining the derivation of the ores of Sikkim, where
basic igneous intrusions are scarce.

37. Although the deposits of Sikkim are similar in mode of
origin to those of Singhbhum, they differ from them remark-
ably in the diversity of their mineral contents, which frequently
include chalcopyrite, pyrite, pyrrhotite, blende, and galena; in
Singhbhum, on.the other hand, the copper-lodes show, as a
rule, only two sulphide minerals, chalcopyrite and pyrite—with traces
of chalcocite at higher levels, probably representing a zone of
secondary enrichment. In both Sikkim and Singhbhum, azurite,
malachite, chrysocolla, and chalcunthite, are found in the oxidised
zones of the lodes, but in Sikkim where the slopes are very steep

c
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and depnudation under the influence of & moijst climate and heavy
rainfall is very rapid, the oxidised zones are much less promi-
nent than in Singhbhum. In Sikkim the t.m'lphide minefals may
crop out st the surface in the fresh condition, l_)nt this practi-
cally never happens in Singhbhum, where one might doubt the
existence of copper deposits, were it not for the presence of numer-
ous ancient outcrop workings stained with green and blue oxidised
copper minerals.

38. In August Dr. Fermor also paid a brief visit to the Matigara
mine in Singhbhum, where the Cape Copper Company have been
prospecting for some little time.

Engineering Questions,

i of October, I visited Darjiling to join
. During the es:lycogn::ittee convened to discusa the safety
Pariiag lendelies. ¢ 4o hill-sides surrounding the station. Atten-
tion was chiefly centred on the Happy Valley sh_p, whwh wag
examined in detail ; various suggestions were made with a view to
preventing further landslips, but final measures were postpor;]ed p;nt
ing a detailed geological survey on a lalrge scale. of the eg o‘;o
hill-side from the Court-house to the Jail. I? is propos o
undertake this in the summer of 1912, Incldenta‘lly it sho !
throw much-needed light on the nature and origin of tbe
Darijiling gneiss, which in the Happy Valley appea.refl to me tota e
derived largely from the metamorphism of a pre-existing sedimentary

series of slate and quartzite.

Galena.

40, At the request of His Honour the Lieut,enan!:-Govenfgr of the
Punjab I visited Basantpur In Bl.l&]Jl State,
the site of the head-works of the S}mla hydro-
electric installation, where galena and stibnite were said to occur.
Specimens said to represent deposits of ecach <had been sent
previously to the Geological Survey Laboratory, but had proved
to be only galena, no ore of antimony occurring among them.
The latter was said to have been found on the left bank of the
Nauti Khad just above the flume, and two mule-loads of ore were
sad to have been taken away. In spite of careful search by

Simia Hill States.
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myself as well as by a guide who claimed to have collected ore from
the deposit, not a trace of ore of any kind could ke found at this
locality ; it would appear that the whole deposit had been removed.

A few lumps of galena and a considerable amount of slag are
found in the alluvium of the stream running from Basantpur
to join the Nauti Khad. The quantity noticed was, however,
small and is probably derived from the small veinlets and clusters
of galena to be seen here and there in the metamorphic limestone
which occurs in large quantity in the neighbourhood. Similar occur-
rences of galena are common throughout the Simla Hill States and
are not as a rule of any economic importance.

Gold.

41. On his return from leave, Mr. Copgin Brown was deputed
Mong Long State to examine, on behalf of the Sawbwa, the

" gravels of the Mong Long Sub-State in Hsipaw,

where gold was said to occur in payable amounts. Mr. Brown
found that the gravels, although rich in places, oceurred in too small
quantity to hold out any hopes of successful dredging operations,
and recommended that the deposits be left to the Shans to work.

A detailed report on the subject has been published in the first
part of this volume.

Petroleum.

42. In consequence of the introduction of the Oilfields Regalation,
towards the end of 1910, Yenangyaung was constituted an * oil-field
under the Act and a warden was appointed to take charge of it,
At the same time, Mr. K. A. K. Hallowes was deputed to
assist the latter officer with advice on technical matters. The
Government of Burma subsequently decided to carry out the recom-
mendation of the Oil-fields Committee and to constitute an Advisory
Board to assist the warden, and it was considered desirable that
a member of the Geological Survey should be on the Board. The
Board was constituted in June of the year under review and
Mr. Coggin Brown was appointed to represent the Geological Survey ;
he was subsequently relieved by Mr. Cotter in September. The
experiment of constituting the Advisory Board has been entirely
successful, and it is probable that the system will become permanent,
It will therefore be necessary to arrange for the services of s member
of the Geological Survey to be always available, and as it is not

. c 3
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desirable that an officer should be debarred for a long period
from the advantages to be derived from spending the recess at
head-quarters, it has been arranged to have two members of the
Department conversant with the work so that one may relieve the
other at Yenanazyaung every half-year. For the present Messrs.
Cotter and Brown are undertaking the duties.

43. The oil-fields party consisted, in addition to Mr. Cotter, of
Mr. K. A. K. Hallowes and Sub-Assistant Sethu Rama Rau.
During the early part of the year, Mr. Hallowes was post_ed to
Yenangyaung, but, after the monsoon, resumed field-work in the
Pakokku district, where he has been engaged on a survey of the
volcanic area in the northern part of the district.

44, In the carly part of the year, Sub-Assistant Sethu Rama
Rau was engaged in mapping the area included in nheets. 113 and
1567 (Burma Survey, 1”=1 mile) covering parts of the districts f"
Minbu, Thayetmyo and Magwe. Three anticlines were noted in
this area, viz., (1) the Migyaunge-Kyundaw anticline, (2) the Tagaing-
Sinmadaung and (3) the Mindegyi-Kyawdo. Of these the first
is approximately symmetrical, and has shallow dips ranging from
10° to 25° the Pegu beds being continuous with those of the
Minbu oil-field. The conditions are regarded as favourable for the
storage of oil. The Tagaing-Sinmadaung anticline is asymmetric
on the north and symmetrical on the south, but the dips are very
high, and the economic possibilities of the srea are regarded 88
poor. The Mindegyi-Kyawdo anticline is a symmetrical one with
shallow dips ranging from 10° to 25°, The Pegu beds here are the
continuation of those exposed near Yenaman and Thabyemyaung,
where seepages are numerous; the area is therefore regarded as
decidedly promising.

D'urir):g‘the lattger part of the year, Sub-Assis.tant Sethu Rama
Rau was engaged in surveying the Pakokku district.

Steatite.

45. Reference has already been made to the asbestos found by
Mr. Middlemiss in Idar State. It occurs among,
and is closely associated with, large quantities
of steatite. The latter is found between Dev Mori and Kundol
(23° 40': 73° 28') and also at Ghénta (22’.:° 36': 73° 26'). The
steatite i8 of very fair quality and occurs In enormous quantity,
Mr. Middlemiss having calculated that at the first locality alone

Idar State.

Part 2.] General Report for 1911. 79

there are over two million tons in sight and within easy reach. A
note on the subject has been published in the preceding part of
this volume of the Records.

Tin.

46. In July, Dr. Fermor visited the Nurunga tin locality,
already noticed in Records, Vol. XXXIII, page
dioerags,  Hazaribagh 935 1906 5 syndicate, advised by Mr. P. N,
Bose, had recently carried out a little explor-
atory work on the outcrop and had smelted in a local native iron-
furnace a small quantity of the ore obtained. No attempt had
been made, however, to unwater the old workings and no effective
examination of the deposit could therefore be made. The deposit
is of a very unusual character, consisting of a thin band, some 6
inches thick at most, of cassiterite-granulite, forming an inter-
bedded layer in a considerable thickness of microcline-granulite :
in addition to the band mentioned above—which often contains
a very high proportion of cassiterite, as much as 30 to 50 per
cent—cassiterite is also found in sparsely scattered granules in
the microcline-granulites, especially close to the cassiterite-granulites.
Samples of the country-rock have not yet been analysed, but it
seems unlikely that the amount of included cassiterite is sufficient
to render the whole mass of rock worth treating as an enormous
deposit of low-grade tin-ore. The specimens collected have not yet
been thoroughly studied, but the mode of occurrence of the tin
suggests that the cassiterite-granulite is a basic segregation from the

acid granulites with wh ch it is associated.

See also under Wolfram.

Water.

47. At the request of the Local Government, it was arranged
that a traverse should be made across the Irrawadi valley from the
western foot of the hills of the Southern Shan States to the outer
ranges of the Arakan Yoma, with a view to ascertaining the possi-
bility of obtaining supplies of water under artesian conditions. The
work was undertaken by Mr. P. N. Datta, who made a complete
traverse along the latitude of Pyawbwe. On the whole, the result
Was not very encouraging, but Mr. Datta indicated various- spots at

which artesian water might be found. ,
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Wolfram. -

48. At the request of the Local Government, Mr. Page was
again posted to Tavoy and Mergui with a view
to assisting the local officials with advice in
matters relating to tin and wolfram-mining. Owing to the great
rush for wolfram concessions in Tavoy and to the complete absence
of reliable maps, he found that there was great difficulty and delay
in connection with the issue of prospecting licenses. Matters, howe
ever, are being gradually reduced to order and it is hoped that be-
fore long all pending applications will have been dealt with.

Burma.

GEOLOGICAL SURVEYS.

Assam.
49. Having been deputed to Assam for the field-season 1910-11,
Mr. Pascoe was permitted to accompany a
column that left Kohima early in January for
a visit to Makwari on the Assam-Burma border.
The greater part of the traverse, which was some 85 miles in
length, lay over a monotonous sequence of Disang shales and slates
with little to relieve it save occasional lenticles of quartz. Among
the Disang beds, between Dimapur and Kohima, was recognised
the Naogaon sandstone of Mallet forming the peaks of Kadiuba
and Siwenuchika. In the extreme east of the area, uccurrences of
serpentine were observed corresponding to the band mapped by
Mr. R. D. Oldham in Manpipur. A thick massive conglomerate was
another interesting feature of this part of the traverse. The ser-
pentine has been derived from gabbro and peridotite, pieces of
which rocks are common in the streams. frored
50. The despatch of an expedition to the Abor country ofler

an opportunity for exploration of & tract ;’f
Hlﬁ‘:.' J-C.Brown: Abor  hjch the geological conditions were entirely

unknown and it was therefore decided that a
member of the Geological Survey should be attached to the force.
Mr. Coggin Brown was selected for the purpose and Joined at Kobo
early in December. Mr. Brown has been able to add largely to
our knowledge of this part of the Himalaya and he deserves great
aredit for the energy and perseverance with Which he pursued
his work in the face of the many difficulties inseparable from
an expedition of the kind. It was anticipated that the general

Mr. E. H. Pascoe :
Naga Hills,
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sequence of strata recognised at different times in the outer zone
of the Eastern Himalaya would be more or less followed in the
Abor hills, and this proved to be the case. From Kobo north-
wards the flat alluvium was found to stretch to the foot of the
hills as far as Pasighat. In every direction it is covered with dense
forest and the luxuriance of the vegetation entirely masks the
ground. North of Pasighat the road soon commences to rise over
pleistocene deposits lying on a core of Siwalik rocks, and at
Janakmukh there is a raised terrace section of pleistocene gravels
150 feet in thickness, the top of which is 350 feet above the
present level of the Dihong.

61. The Siwaliks were crossed on the line of march between
Pasighat and Rammidumbang, forming the outer lower-lying foot-
hills which flank the higher ground to the north ; they were found
to consist of great thicknesses of various kinds of sandstones, the
softer micaceous varieties often containing nests of bright lignite,
undoubtedly the remains of waterloggged drift-wood deposited
during the formation of the rocks. Landslips are very common
in this zone and from the high Abor ‘‘jhums” (clearings) the
light coloured Tertiary strata show up well against the dark green
of the Sub-Himalayan rainy forest which covers the hills,

52. The Siwaliks dip into the hills and have the customary
appearance of being overlain by the Himalayan Gondwanas, the
next series: met with. Unfortunately no actual contact of the two
systems was seen, but there is no doubt that it is the same here
as elsewhere. The commonest rock types in this series are white
and greyish-white, indurated sandstones and quartzites, reddish ferru-
ginous shales, black carbonaceous shales, often with clay-ironstone
septarian nodules, hardened, greyish-blue shales in which a schistose
structure has been developed, and coal-seams. Owing to the in-
tense crushing to which they have been subjected the seams have been
squeezed into lenticular patches and the coal iteelf rendered powdery
and friable. It is believed that these coals are of no economic
value. Near Renging bands of decomposed volcanic rock begin to
make their appearance, interbedded with the Gondwanas, and further
north there is a great development of trap-like rocks which have
given rise to the peculiar physical character of the narrow gorge-
like course of the Dihong through the lower Abor hills, These
rocks have been named the Abor Volcanic series, but at present,
mainly owing to the want of continuous exposures, it is not possible
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their exact age, though in the presence of palagonite tuffs
ear a striking resemblance to the Rajmahal traps. This
3 followed higher up the valley by metamorphic rocks which
rral appearance and position appear to correspond partly
e Daling series of Sikkim. o

Bombay, Central India, and Rajputana.

Messrs. Middlemiss, Jones, Heron,and Daru, were engaged in
C.S. Middle. the survey of parts of Bmpbuy, Central India
» Jones, A.M. and Rajputana, together with a few connected
PN.D.Daeu.  yreas in the Punjab and United Provinces which
the part of Rajputana worked by Mr. Heron.
Mr. Middlemiss began work in Idar State, and spent from
January to April there investigating a portion
tdlemiss: ldar ¢ 4he country new to the Geological Survey,
but lying immediately south of Hacket’s and
iche’s surveyed areas in Rajputana and north of Kishen
mapped areas in parts of Bombay. He completed a well-
area of about 729 square miles, lying centrally within sheets
120 and 144 to 146 of the Bombay 17 =1 mile survey.
anded and bedded formations represented are a folded
—9.8.W.) complex of Aravalli calc-gneisses and other schists,
juartzites—coming apparently above and folded with the
-Ahmednagar sandstone series and recent deposits. The
ymmon form of the first of these, occurring in limited ex-
among vast spreads of alluvium, i8 a thoroughly crys-
aggregate of much calcite with varying amounts of quartz,
ne, plagioclase, diopside and sphene, and occasionally with
siotite, or with wollastonite, scapolite, garnet and zoisite.
it ramify innumerable small granitic veins of aplite, graphic
and pegmatite, which seem to be as old as the folding
rocks among which they appear. There are also later-
1, large, rugged and grotesque masses of Idar granite
and hornblende granite) and of quartz-porphyry bursting
tly throngh the region regardless of the older series. Long
dykes of vein-quartz (ultra-acid differentiation products of
& granite ?) and one or two examples of a basic dyke
gabbro or dolerite), together with a contact, composite or
rock, between the latter and the Idar granite, were also

1 and mapped.
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Of these intrusive rocks, Mr. Middlemiss specifically identifies the
Idar granite with the Siwana and Jalor granites, and the quartz-
porphyry with the Malani rhyolites of Western Rajputana (see
La Touche, Mem. Geol. Survey of India, Vol. XXXV, pt- 1, pages 25
and 90—91) and the olivine-gabbro and dolerite with a very similar
one also in Western Rajputana, described by Sir T. Holland (loc. cit.,
page 91). But there are further resemblances between the two areas
in the nearly horizontal Ahmednagar Sandstone series, which ap-
pears as cappings on the hills or in the deeply-cut rivers under
the alluvium, and which probably represents the Barmer sandstone
of Western Rajputana as well as the Lathi group of Jaisalmir and
the Umia of Kathiawar.

55. No minerals of sufficient importance to notice here have as
vet been found, but the sandstone quarries at
Ahmednagar vield an excellent free-stone, whilst
marble and granite can also be obtained in any quantity.

06. Mr. Jones spent a full season, from November to the middle
of May, in the Amjhera and Ujjain districts,
continuing the revision of the geological maps
of the area and the investigation of the mineral resources of the
State. The area is contained on sheets nos. 212 to 215 and
242 to 247 of the Central India and Rajputana Survey (1 =1
mile). Of this the Bag area to the south took him to the interest-
ing localities already surveyed generally by Messrs. Blanford and
Wynne (Mem., Geol. Survey of India, Vol. VI, pt. 3) and later
again in more detail by Mr. Bose (Mem., Geol. Survey of India,
Vol. XXI, pt. 1).

57. Although Mr. Jones was primarily concerned with the possi-
bility of finding ores of manganese in the crystalline rocks, he
has incidentally contributed a newly coloured map of most of the
Bag area in even greater detail as regards delineation of boundaries
than the already detailed work of his immediate predecessor
Mr. Bose. A feature of special interest in his report of this area,
where the sequence of beds comprising Nimar sandstone, Nodular
limestone, Coralline limestone, Lameta,and Deccan Trap, lie almost
horizontally above the steeply dipping Bijawars or still older gneissic
and metamorphic series, is the beautiful set of photographs which
he has taken in illustration of this and other physical features.
His report may generally be considered as a further study in a
number of detailed and well-illustrated sections taken at points

Economic.

Mr. Jones : Gwalior.
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of special interest of the area already liberally treated by Mr.
Bose. A further addition to the fossils, of about cenomanian age,
collected especially from the Nodular limestone and the Deola and
Chirakhan marl has also been made by Mr. Jones. Among these
Mr. Tipper has specifically recognised Hemiaster symilis, Placenticeras
Mintoi Vredenburg, and Namadoceras Scindie Vredenburg. As
before, no fossils were obtained from what have been called
Lameta beds at the base of the Deccan trap, so that the points
in debate with regard to that formation remain as they were.
58. No manganese nor anything of special economic importance
Economic. was found. In the Bijawar rocks near Bag,
however, Mr. Jones found promising slates, and
he has suggested that pits be opened in them to determine their
quality and suitability for roofing, writing slates, etc.
59. From the middle of November to the first week in May
Mr. Heron spent a full season in continuation
par. Heron o Rajputans, porthwards, eastwards and south-eastwards of
|.,¢:': and THTeCTTOY his work in Alwar of the last two seasons.
The formations exposed constitute isolated hill
groups, gradually dying out in the Indo-Gangetic alluvium to the
west of the Jumna, during which process they spread out from
Rajputana (whence the work of determination originated) into the
neighbouring areas of Delhi and Gurgaon districts of the Punjab,
and Agra and Muttra districts of the United Provinces of Agra
and Oudh. This large area is included in Atlas of India sheets
49 and 50 (1”=4 miles), and standard sheets (1”=1 mile), Punjab
Survey nos. 321 to 325, Central India and Rajputans Survey
nos. 283, 284, 312, 313, 337 to 341, 360 to 362, and United
Provinces Survey no. 23, all of which are now completely surveyed.
60. The rock systems include those of the Alwar State already
described in previous reports by Mr. Heron, namely, Aravallis
(schist series of Hacket), above these the Alwar quartzite series,
which in the Biana hills becomes split up into several groups, and
above these the Ajabgarh (Mandan) series of slates, shales, etc,
Besides these, in the area surveyed there are examples of Haoket's
“ Gwaliors ” of Hindaun (thinly laminated cherts with jasper layers)
and the Bhander and Rewa sandstone stages of the Upper
Vindhyans, which are not found in Alwar.
61. Notwithstanding the large surface covered, practically only
one sheet (Central India and Rajputana no. 341) presents suny
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variety of geological feature. This is embodied in the hilly mass
of Alwar quartzites north-west of Biana and the Upper Bhander
scarp to the south, The rest of the sheets comprehend long tailing-
out ridges or hill-masses of either the Alwar series and Ajabgarhs
with a few pegmatite veins, or of the Rewa and Bhander stages
in monotonous regularity, the greater part of the structure of the
country and all geological boundaries being hopelessly buried under
the all-pervading alluvium.

62. With reference to the Biana hills in sheet 341, it is to be
noticed that Mr. Heron upholds Hacket’s sub-divisions of the Alwar
series into five groups (Rec., Geol. Surv. India, X, 87 and XIV,
298), with one unconformity and several conglomerates indicating
breaks in the succession. Near the middle of the lowest group
(the Nitahars) there are two bands of volcanic rocks, traps and
tuffs, the former of which Mr. Heron has determined as a dolerite
in which the plagioclase has been replaced by quartz and muscovite
or kaolin, and the augite by chlorite.

The “ Gwalior” cherts of Hacket, Mr. Heron thinks, may be-
long to the schist series and not to the true Gwaliors.

63. Impure graphite and a tradition of gold at Sohna, some old
copper workings west of Nitahar and the
kaolin of Kasampur have long been known
and are mentioned in the Manual of the Geology of India, Vol. 1L
Nothing further of importance has been found by Mr. Heron in
connection with them. He describes, however, an excellent band
of slate at present being worked by the Kangra Valley Slate
Company near Kund railway station. Building stone from the
long-celebrated Upper Bhander sandstone quarries in Bharatpur
State 18 of excellent quality.

Bconomic.

64, Mr. Daru spent only a very short field-season engaged in
Mr. Dafu: Bamswara the above survey, namely, the months of March
and Duagarpur. and April. During the first fortnight of - this
he was occupied in Banswara, the completion

of the survey of which left him free to pass northwards and
westwards into new ground in Dungarpur, where he surveyed 250
square miles in the extreme nurth-east of that State (sheets 175
and 176 of the Central India and Rajputana Survey). Mr. Daru
describes the area as being entirely of Aravalli rocks, with igneous
intrusives and a few patches of recent alluvium, most of the country
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being a continuation north-west along the strike of the formations
as found in Banswara.

65. The Aravallis are of the “argillaceous™ type, generally
biotite schist, occasionally with garnet and staurolite, sometimes
too with a large proportion of magnetite. This passes locally into
quartz-schist. There is also found hard shale, phyllite, graphitic
shale, muscovite schist, hornblende schist and apatite schist. Boulder
beds preponderate in one arca east of the Sabla chain of hills.
Limestone is comparatively rare, such outcrops as occur heing
extensions from the Banswara arca. Two bands of ferruginous
cherty quartzite are found, also in extension of the Loaira rock from
Banswara.

66. The intrusives in these consist of aplite, graphic granite and
muscovite pegmatite, occasionally with tourmaline; and there are
also quartz-felspar rock and vein-quartz, the latter being in both
large und small veins and regarded us extremely acid representa-
tives of the pegmatites. Granite, gncissose granite, syenite and
diorite are also found. In two or three bands there are also ex-
amples of “interbanded quartz-hornblende schistose intrusives.”

67. No minerals of economic importance occur in sufficient
quantity or quality to be worth exploitation.
The apatite schist may perhaps be put to
some use, but its quantity is unknown as it is largely obscured by
soil.

Economic.

Burma.

68. The work of the Burma party has already been referred to
under Petroleum and Water. In addition to
the systematic survey being carried out in
the oil belt, a survey was begun by Mr. Datta of the country
lying along the western foot of the Shan Hills from Kyaukse
southwards. Work was only begun just before the end of the
year and there is therefore but little to report. Mr. Datta finds
that the country in the neighbourhood of Kyaukse consists of an
altered sedimentary series, now consisting of argillite, quartzite, mica.
ceous schist and marble, associated with biotite granite to which the
metamorphism of the sedimentary rocks is probably to be attributed.

M. P. N, Datla.

Central Provinces.

69. It was decided this year to form a new field party,in addi-
tion to those already at work in Burma and Central India, the
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new party being for the systematic survey of the Central Provinces
on the scale of 1”=1 mile. Previous work in this province has been
carried out on a variety of scales, and much of the province is
practically unsurveved. The party has been placed under the charge
Messrs. L. L. Fermor, of Dr. Fermor, zm(.l, as constituted for the field-

H. Walker, C. S. Fox season of 1911-12, includes also Messrs. H. Walker
'R:“’,.M- R. Ry. Vinayak and C. S. Fox, Assistant Superintendents, and
M. R. Ry. Vinayak Rao, Sub-Assistant. Babu

Bankim Bihari Gupta, recently promoted from the post of Museum
Assistant to one of the newly sanctioned posts of Field Collector, was
also sent with this party in order to collect a typical series of
Chhindwara rocks. The first area selected for survey comprises,
on the northern line, the districts of Betul and Chhindwara as
far north as the Satpura coalfields, and the districts of Seoni and:
Mandla as far north as the district boundaries, and, on the
southern line, the districts of Nagpur, Bhandara and Balaghat
as far south as the Bengal-Nagpur Railway line. This area has
the advantage of being, as far as is known, a homogencous geo-
logical entity, including a large proportion of unmapped country
and the whole of the Central Provinces manganese-ore deposits
with the exception of those of Jubbulpore. Maps on the 1” scale
are available for the whole of this area with the exception
of the Nagpur district, of which the largest maps available
are on the scale of 1”=2 miles. The Surveyor-General has,
however, kindly modified the programme of work of the Survey
of India party now engaged in preparing new maps of the
Central Provinces and Berar so as to issue the topogr:phical
sheets of this district within the next two or three years. Mean-
while, work was commenced during the current field-season (1912-
13) on the northern line of districts. The Betul district has been
assigned to Mr. Walker, whilst the remainder of the party accom-
panied Dr. Fermor to the Chhindwara district in order to become
familiar with the rock formations, the study of which was com-
menced us long ago as 1903 (Fermor, Records, XXXIII, pages
159--218, 1906). _ Sub-Assistant Vinayak Rao has since been sent to
Seoni to commence mapping in that district on the lines estab-
lished at Chhindwara, whilst Messrs. Fermor and Fox propose
to survey the Chhindwara district jointly, as it contains a large
area of varied Archsean rocks and gives a section across the
Satpurs Hills from the 1,000-ft. Nagpur-Balaghat plain on the south,
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across the Chhindwara plateau (2,200-ft.) in the middle, to the
Mahadeo Hills bounding the southern edge of the Narbada valley
on the north and frequently rising to elevations of over 3,000 feet.
It is expected that a detailed survey of this district will furnish
the key to the structure both of the Satpura Hills, which traverse
the northern line of districts, and of the Archsman plains com-
prising the larger portion of the southern districts,

70, In the short portion of the current field-season falling within
the year under review, the only work carried
sufficiently far for report here is the detailed
mapping of some 70 square miles of Deccan Trap lying on the
2,200-ft. platean round the villages of Linga and Lahgarua, to the
south of Chhindwara town. Dr. Fermor began detailed work on
this area with the object of determining, in the first place, whether
it would be possible to break up the Deccan Trap formation into
divisions sufficiently well-marked to be easily mapped, or whether
it would be necessary, as seemed probable, to colour the whole of
this formation with one tint. Incidentally he wished to study in
some detail the inner relationship of the vast succession of lava-
flows, especially as to origin. Mr. Harker has expressed the view,
in his Tertiary Igneous Rocks of Skye, that the columnar doleritie
flows interbedded in the Tertiary basic lavas of that island are
sills intruded between the flows of extrusive basalts. To ascertain
whether or not such an explanation could be applied to the
Deccan Trap, it was decided to map, flow by flow, a selected ares
in which the existence of dolerite had been ascertained. Dr.
Fermor and Mr. Fox first mapped a portion of the area jointly,
determining the existence of four distinct flows; they then separated,
Mr. Fox carrying the boundaries to the northern and western
edges of the selected ares and Dr. Fermor to the southern and
eastern. The results of their work are of considerable interest. Each
flow—except the uppermost, the surface of which has been denuded
away—shows a vesicular, more or less amygdular, surface; and
between each pair of flows there is usually an ‘ intertrappean’ layer.
This sometimes takes the form of a silicified sedimentary stratum a
few feet thick—in some cases of limestone, and still frequently
containing abundant silicified fossils, Physa, Paludina and Lymnceu (3)
—whilst in others the intertrappean layer consists uf a green clay,
the ¢ green earth’ of Indian geologists, sometimes associated with
brownish and cream-coloured clays. The origin of this green earth

Deccan Trap.
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seems to vary; in some cases, it has undoubtedly been formed by
the alteration of the underlying lava surface, but in other cases
the origin is doubtful. Sometimes both green earths and sedi-
mentary intertrappeans occur together, the green earth usually over-
lying the sedimentary rocks. Mr. Fox has collected for careful
study a series of specimens of green earths and green jaspers, both
from these intertrappean layers and from the lava flows them-
selves.

71, The flows are numbered serially 1 to 4 from below upwards,
flow 1 being the true basal flow in this area, as it rests directly
upon the Chhindwara granite, With the exception of flow 2, all
have normally the texture of basalts, but any flow may be
exceptionally more coarse-grained, z.e., doleritic. Flow 2 is, how-
ever, usually a crystalline dolerite, and if any flow were to prove
intrugive, it should be this one. Several other doleritic flows were
discovered later in the season on the edge of the ghats fring-
ing the Kanhan valley, but nowhere was any evidence of intrusive
relations detected. On page 259 of the Manual of the Geology of
India, second edition, the existence of phenocrysts of olivine in the
Deccan Trap is referred to; but it is probable that the phenocrysts
of plagioclase, so abundant in the basalts, have been mistaken
macroscopically for olivine, for none of the officers working on the
Deccan Trap formation of recent years have been able to detect
this mineral in thin sections under the microscope, although serpen-
tinons patches are commonly seen, representing in some cases,
perhaps, original olivine, It is interesting to record, therefore, that
both Dr. Fermor and Mr. Fox independently discovered olivine in
flow 2, in which it appears to be a normal constituent, although
frequently altered completely to serpentine, and rarely quite fresh,
The separate flows do not rest on each other with horizontal sur-
faces, and by the judicious use of the aneroid, frequent surprisingly
high variations of a particular flow from one point to another have
been detected. Marked dips of several degrees have been noticed in
many places. As it was uncertain whether any or all of these dips
were to be regarded as due to tectonic disturbances or were to be
attributed to the flows adjusting themselves to the irregularities
in the surface of the underlying Archezan peneplain, Mr. Fox re-
turned to the area at the end of the field-season when nearly
all the streams were dry and the crops cut, so that the exposures
could be easily traced; as the result of this he has obtained
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evidence supporting the former supposition, and has stlcgeefled
in tracing out the position of gentle synclines and anticlines
striking north by west and south 'by east. The probable
truth of the explanation of these dips as due to post-Dccc'an
Trap tectonic disturbances is supported by several marked dips
observed by Dr. Fermor on descending the edge of the. Deccan
Trap plateau by the Ramakona ghat. Dr. Fermor 'emphamzfas that
this system of folding may be tectonically of consndera.l)le import-
ance and that the credit for its discovery is due entirely to Mr.
Fox. It is not unlikely, however, that when Flm ol)sgx:vutlops
obtained are carefully worked out, some of the irregularities »ylll
prove to be due to the adjustment of the tlows to the underlying
Archean peneplain, -

72. The result of this work has been to show the possibility of
mapping the Deccan Trap in detail, although it has .prov?,d excee;l—
ingly difficult and slow work; but, unfortunately, it will not be
possible to continue this detailed work owing to limitations of' time,
although it is evident from the discovery of the ge.ntle folds in .the
Deccan Trap referred to above that {urthef detalle(.l work might
vield valuable results frum the tectonic po,nt of view. Further,
this work indicates that there is no practicable grouping of the

in this area suitable for mapping.

ﬂo“’;s:%.mWhilst carrying out the detailed survey of the Deccan Trap
lavas referred to above, Dr. Fermor discovered
The Shikarpur crater- , oopi6q of remarkable, more or less cjrcular,
tes. depressions in the surface of .ﬂow 1 in the
Kulbehra river opposite to the vil!age of .Shlkarp.ur.s ;l;he;;
are in all some 20 of these depressions varying bfm:;i e cin
feet in internal diameter. Some of them argf . :: o
cular, and, where filled with water, loo%( as 1} yre oval on

drawix with a pair of compasses, whilst others a )

: : invariably these depressinns
somewhat irregular in shape. Almo_st inva T e from the
have a raised rm (1 to 3 fegt high) se:::::ll]l gcomposing e
surrounding lava surface. .Whllst t{le ircnular lava, thet composing
rims is a compact, comparatlve}y non-ves ] amcdulac e
the main surface of the flow 18 v?mcular &}:l dyg ar, as also
is the lava occupying the interior of these epressions, where

The exact nature of these depressions is difficult to
see; . tand, but Dr. Fermor is inclined to regard them as
::n::s f;n,led on the surface of flow 1 as outlets from that
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-flow - only, probably for steam and gases, and perhaps also

in some cases to release lava from still molten pools  within
the body of the partially solidified flow. There is some evidence
of lava piled up by the side of one of these depressions. It is
proposed, therefore, to call them °craterlets,” in the absence of any
better name. Nothing in the least like them is known anywhere
in the Deccan Trap formation, except the gigantic Lonar Lake
crater in Berar, which must have been formed after the cloge of
the Deccan Trap extravasations; whilst these Shikarpur craterlets
must have been formed before the eruption of flow 2 in the Chhind-
wara district and have been exposed by subséquent denudation.

Punjab.

74. The survey of the Tertiary rocks of the outer Himalaya in
Kangra and the Simla Hill States was continued by Dr. G. E.

‘Pilgrim, who was accompanied by Sub-Assistant Vinayak Rao.

Dr. Pilgrin’s general conclusions were referred to in last year’s
report and need not be recapitulated here. A considerable area
was mapped on a scale of 1”=1 mile.

Sikkim,
75. During his visit to Sikkim, Dr. Fermor took the opportunity
of travelling as far north as Lamteng in
Dr. L. L. Fermor.

the Lachen valley, in order to obtain an
idea of the nature of the crystalline rocks lying between - that
place and Gangtok, and especially to examine the crystalline
limestones (Mem., Geol. Survey of India, XXXVI, page 18) for
purposes of comparison with those of the Chhindwara district,
Central Provinces (Records, XXXIII, pages 195--206, 1906). Until
larger-scale topographical maps of Sikkim are prepared, it will not
be desirable to map the geology in greater detail than is shown
on Mr. P. N. Bose’s map in Records, Geol. Survey of India, XXTV,
which may be accepted as roughly correct. This map shows a
large shield-shaped area of Dalings with the point of the shield to
the north ; the eestern edge of the shield has a north-north-west trend,
corresponding with a similar strike of the Dalings and a general east-
north-east dip under the crystalline complex, which extends from this
boundary right up the Teesta, Lachen and Lachung valleys. This
crystalline complex comprises both igneous and sedimentary rocks,
the former consisting chiefly of varieties of biotite-gneiss, and the

D
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latter principally of limestones, calciphyres, mica-quartz-schists and
- yuartzites. A large-scale map wounld show these para-schists as long
strips striking north-north-west parallel to the strike of the ortho-
gneisses, and Dr. Fermor advances the tentative view that these
strips, which are presumed to be of sedimentary origin, represent
portions of the Daling series folded in with the ortho-gneisses and
rendered at the same time thoroughly crystalline. The Dalings may
well be the equivalents of the Dharwars of the Peninsala (Mem.,
- Geol. Survey of India, XXXVI, page 66), and in this cuse we may
regard the associated gneisses as the foliated forms of post,-Dlmerr
granites intrnsive with regard to the Dalings. In support of tl.ua
view of the nature of these para-schists, it is interesting to notice
that the slates of the Daling series become more crystalline--
-phyllitic—as the gneiss boundary is approached.
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DICOTYLEDONOQUS LEAVES FROM THE COAL MEASURES OF

AssAM. By A. C. SEwARD, M.A., F.R.S., Cambridge.
(With Plates 17 and 18.)

THE fosgil leaves described in this paper were sent by the Manager
of the Assam Coal Company at Margherita to the Director
of the Indian Geological Survey, who submitted them to me in the
hope that they might furnish evidence as to the age of the Assam
Series.

In an account of the Coal-fields of the Naga Hills, Mr. Mallet!
refers to some imperfectly preserved leaves identified by Dr.
Feistmantel as those of dicotyledonous plants and assigned by
him to a Tertiary or, at latest, a Cretaceous horizon. A comparison
of the Assam Coal-beds with the Nummulitic Series of the Punjab
led Mr. Medlicott to suggest a middle Tertiary age, and this
conclusion, accepted by Mr. Mallet, has been generally adopted.
Mr. Hayden,? in a recently published account of the Coal-fields
in north-eastern Assam, refers to the general acceptance of Medli-
cott’s estimate of the age of the strata and speaks of the
lack of determinable fossils as a serious difficulty in the way of
confirming or correcting previous views.

The specimens from Margherita, contained in a block of shale,
consist of numerous partially carbonised leaves which clearly
represent two distinct types. There are also a few pieces of flat-
tened and longitudinally striated stems or branches, too incomplete
to be determined.

The data are insufficient to warrant any definite statement in
regard to geological age, though, on the whole, it would seem
more likely that the plants belong to a Tertiary than to a Creta-
ceous flors. It must, however, be admitted that this expression of
opinion is not supported by adequate or convincing evidence.

Although the lsaves cannot, in my opinion, be assigned to
genera other than the provisional genus Phyllites, with any degree
of confidence, they are nevertheless worth figuring as new records
which it may be possible, with the help of more complete material

1 Mallet, F. R., Mem. Geol. Surv. India, Vol. X1I, Pt. 2, p. 269, 1876.
* Hayden, H. H., Rec. Gel, Surv. India, Vol. XL, Pt. 4, p. 283, 1910,

. . D2
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and specimens of fruits or seeds, to identify with more precision
in the future. :
Phyllites kamarupensis! sp. nov. (Pl 17, figs. 1—3; PL.-18, fig. 4.)
One of the better specimens, represented in fig. 4, consists of
an almost complete leaf, oblong-clliptical in shape, 20 em. long,
with a maximum breadth of 8:5 em.; the lamina is ontire and
tapers gradually towards both base and apex. The apparent

lobe at the base is due to tearing. There is a strong midrib:

from which alternate secondary veins are given off at an angle of
about 60°: ncither the termination of the sccondary veins nor the
finer venation can be seen in this specimen, which is smooth and
polished as though slicken-sided. As scen in other examples (fig. 1)
the secondary veins bend rather sharply upwards near the margin
of the lamina and are apparently of the camptodrome type, that
is, they do not run to the edge of the leaf but bend upwards and
gshade off into finer veins. Each of thé secondary veins extends
distally nearly as far as the vein above it in the intramarginal
region of the lamina, but I have not been able to recognise a definite
connection between the upturned portions of adjacent veins. There
are apparently no connecting loops such as form a prominent
feature in many large leaves of this type. From the secondary
veins tertiary veins arise approximately at right angles, and thefm
give off smaller branches to form a reticulum of polygonal meshes in
which the ultimate veinlets end blindly (figs. 1 and 3, PL. I). In
most cases the tertiary veins are very obscure and can be seen
only in a few places. The picce of lamina shown in fig. 3 belongs
to a leaf 12 cm. broad; the edge of the lamina is not preserved.

The smaller leaf represented in fig. 2 is of the same type; .the
very slight inequality in the breadth of the lamina on the two mdps
of the midrib may indicate that it was originally not qute
symmetrical and, if so, this may mean that it is a leaflet of a large
compound leaf and not a simple leaf. There is, however, no
sufficient Teason for belicving that the specimens are mnot simple
leaves.

The leaves when complete must have reached a length of 25—
30 cm. without the petiole, and a breadth of 12 cm,

The widespread occurrence of leaves agreeing generally with
Phyllites kamarupensss, in different families of dicotyledonous plants,

1 My friend, Prof. Rapaon, informs me that Kimar{pa is the old Sanskrit name for
the region now known as Assam.
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is dealt with on & later page: the important point is that the avail-
able data do not admit of a reference of the fossil specimens to
any one family of dicotyledonous plants.

Phyllites sp. [Cf. Nerium spp.] (Pl II, figs. 5, 54, 6.)

The fragment reproduced natural size in fig. 5 is part of a
broadly linear or lanceolate leaf with an entire lamina, a well-
defined midrib, and numerous parallel secondary veins connected by
finer anastomosing branches (fig. 5A). In the larger example (fig. 6)
the venation is very obscure, but on slight magnification indica-
tions of secondary veins can be recognised, showing that it agrees
with the smaller piece represented in fig. 5.

The type of leaf illustrated by the specimens spoken of as
Phyllites sp. is much less common among recent plants than that
represented by the large elliptical, oblong leaves. The leaves of the
Oleander, Nerium Oleander, L., and another species of the genus,
N. odorum, Sol., which occurs in the outer north-western Himalayas
and Central India, present a very close resemblance to the Assam
fragments, a similarity which may have a taxonomic significance.
It is, however, worthy of remark that the leaves of the genus
Calophyllum and Garcinia echinocarpa, Th., are also characterised by
a similar disposition of the secondary veins. In the absence of
more convincing evidence than is afforded by the fossils it would
hardly be justifiable to employ the generic designation Nerium.

General Remarks. .

The type of leaf illustrated by Phyllites kamarupensis is unfor-
tunately one of the commonest among tropical and sub-tropical
Dicotyledons, and in the absence of any supplementary evidence in
regard to flowers, fruits, seeds, or anatomical characters of the vege-
tative organs it is, I venture to think, impossible to assign a plant
represented solely by imperfect specimens of such leaves to any
one genus or even family. At first sight one may be struck by
a certain resemblance to recent species of the genus Magnolia,
8 genus to which" several Cretaceous and Tertiary leaves have been
referred by paleobotanical writers; but a comparison of the
Assaly fossils with recent species reveals certain differences which
con!stltute a strong argument against the employment of the desig-
nation Magnolia. The large oblong-elliptical leaves of Magnolia
plerocarpa, Rozxb., a species represented in the Assam flora, agree
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geperally in size and shape with the fossils, but in the recent
species the secondary veins are much straighter and are connected
by intramarginal loops which arise by forking of the secondary
veins near the leaf-margin; in the fossil leaves there are no loops
and no indications of such bifurcation of the veins as is seen
in Magnolia.

An inspection of published figures of fossil leaves referred
to Magnolia, especially after an examination of a large number
of leaves chosen from several families, convinced me that in
many cases the specimens cannot be accepted a8 trust worthy
records of that genus. The few references given in the footnote!
may be consulted as illustrating the nature of the evidence on
which Cretaceous and Tertiary leaves have been attributed to Mag-
nolia. It is not denied that some of the species recorded by the
‘authors referred to may be correctly included in that genus;
but there can be little doubt that a considerable number of the
supposed Magnolias should not be accepted a8 authoritative records
without a careful examination of the actual specimens or at least
of the published drawings. In the case of most of the species
there appears to be no sufficient reason for assigning the leaves
to Magnolia in preference to many other recent genera possessing
foliage of the same type.

This criticism, though made with special reference to Magnolia,
is, I believe, applicable to & large number of Cretaceous and Tertiary
dicotyledonous species. It is very important that the task of exam-
ining critically the scattered records of the later geological floras
should be undertaken. In many cases only negative results would
be obtained ; but if careful revision of species leads to the rejection

1 Leaquereux, L. (I) Contributions to tho Fousil Flora of tho Western Territories, Pt. 1
The Cretaceous Flars, Rep. U. 8. Geol. Surv. Territories, Vol. VI.  Washington, 1874.
(I1) Ibid, Pt. 2, The Tertiary Flora, Rep., Vol. V11, 1878,
(I11) Hlustrations of Cretaceous and Tortiary Plants of tho Western Territorics of the
United States. U. 3. Geol. and Geogr. Surv. Territories. Was! n, 1878.
{IV) The Flora of the Dakota Group (a posthumous work, edited by F. H. Knowlton),
U. 8. Geol. Surv., 1891.
Heor, O. A. (I) Flora Fossilis Arctica, Vols. VI and VII (Die Fossile Flora Grialands),
1882-83.
(I1) Ibid, Vol. V, (Beit. Mioc. Flor. Sachalin), 1878.
 Nathorst, A. G. Contributions & la Flore fossile du Japon. Kongl. Svensk. Ve.
tenskapsakad. Hand., Bd. XX, No. 2, 1888,
~ Dawson,J. W. On new species of Cretacoous Planta from Vancouver Island. Trans.
R. Soc. Canada, Sect, 1V, 1893.
‘ Hollick, A. The Cretaceous Flora of Southern New York and New England. U. 8.
Geol. Surv., 1908,
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of[manyTdeterminations as untrustworthy, this would at least have
theffeffect of increasing the value of the species which remained
after a strict scrutiny. As I wrote some years ago in reference
to the neglect of fossil flowering plants, “ we have spent our time
magnifying the unpromising features of the work instead of testing
the capabilities of the available material.”! The task would unque;
tionably be laborious and could be accomplished only by those who
recognise the limitations both of the material and, one may add, in
most cases, of their own unaided efforts in the identification of
fragmentary fossils. With the assistance of experts in different
branches of systematic botany it would be possible to provide the
studan.t of phytogeography with accredited data in place of the
long lists of species in palmobotanical literature which bear wit-
ness rs'ther to the temerity or ingenuity of authors than to the
wsnt‘iermgs of genera since the flowering plants assumed the
dominant position in the vegetation of the world.

. In order to test the possibility of identifying the Assam leaves
with a reasonable degree of confidence, I consulted members of
tl.le staff at the Royal Gardens, Kew, and other botanists in the Bota-
nical Department of the British Museum. To these gentlemen
I am under considerable obligation for assistance willingly given:
and for the interest they showed in my quest,

As.Colonel Prain and Dr. Btapf pointed out, it is in the first
ﬂlool by no means easy, in the case of impressions such as those of
l © larger Assam leaves, to decide whether the fossils are simple
eaves or le'aﬂets of compound leaves. It would seem that in the
Assam.spemmens the lamina is symmetrical or very nearly so about
the midrib, whereas the leaflets of a compound leaf are usually
more or less markedly asymmetrical. It is, however, not always
easy to detect any departure from longitudinal symmetry in
some leaflets, nor is it legitimate to assume that a symmetrical
blade necessarily denotes a simple leaf. The leaves described as
Phyllites kamarupensis are probably simple, but this can hardly
be accepted as more than an opinion based on probabilities and
not supported by actual proof.

The existing flora of Assam affords examples of plants with
compound leaves bearing leaflets comparable in size, shape, and
venation with Phyllites kamarupensis. Such are Amoora Rohituka
W. and A, the leaflets of which attain a length of 9 inches:

! The Origin of Flowering Plants. New Phytologist, Vol. 11, p. 234, 1903.

e g e AN B o A mn
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Chisoceton paniculatus, Hiern, with leaflets 10 inches long, and
Dysozylum  procerum, Hiern. These are all members  of the
family Meliace. Some species of Ailanthus (family Simarubacew)
and Canarium (family Burseracex) may also be mentioned in this

connection. .

One feature of importance from the point of view of comparison
between fossil an drecent leaves is the arrangement of the secondary
veins, especially their behaviour near the margin of the lamina.

In Phyllites kamarupensis, as already stated, the secondary
veins bend sharply upwards near the edge of the lamina and, so
far as can be seen, they show no bifurcation in the intramarginal

region and no connecting loops. Many recent leaves, agreecing in’

other respects with the Assam fossils, differ in the possession . of
strong intramarginal loops. This character is subject to variation
in a single leaf: loops may be an obvious feature in the middle
and upper part of the blade but very feebly developed near the

base. Artocarpus rigida, Blume, is a case in point. Another feature-

worthy of consideration is the arrangement of the tertiary veins:
in some recent leaves the secondary veins are connected by rather
closely disposed veins in a more or less’ regula'r pf?,rallel series,
while in others the parallelism of these finer veins is much less
marked and a polygonal reticulum is the more prominent feature.

In Phyllites kamarupensis the state of preservation renders it

difficult to speak positively as to the nature of the finer

venation, but it would seem (Pl I, fig. 3) that tye tertiary
veins do not form well-marked parallel series. In thw' character
also there may be a lack of uniformity within a single lea':.f :
towards the distal ends of the secondary veins the co.gnectm'g
tertiary veins may be farther apart and l.esa regular in. their
arrangement than in other regions of the lamina. |

The following recent species,' the majority of which are represent-
ed in the vegetation of Assam, are chosen in illustration of the very
close agreement between the fossil specimens and the .lea.ves‘ of sevex.'al
genera selected from different families. A longer list could easily
be compiled ; but the plants enumerated may suffice to demt.)nstrgte
the difficulties to be faced by students who attempt to identify

1 For a fuller description, ses D. Brandis, Indian [ Trees, Lond(){l,. 1906 : and J. D.
I{ooker(,) {with the assht};,?co :>f various botanists), The Flora of British India, London,
1872—97.
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portions of vegetative shoots preserved as fossils, particularly when
the leaves are of the exceedingly common type represented by
Phyllites kamarupensis.
Magnoliacez,
Magnolia pterocarpa, Roxb.
M. Pealiana, King. ‘ .
Reasons have already been given against the attribution of the
fossils to this genus.
Anonacez.

Anona squamosa, L. (The custard apple ; indigenous in the West
Indies; cultivated in India.) The leaves of this species
are rather smaller than those of Phyllites kamarupensis,
but those of some other species of Anona show a closer
resemblance, especially in the venation.

Ceratobotrys crassifolius, Hook. f. and 'Th.

Usaria miscrophylla, Roxb. The leaves of this species, 5-—12
inches in length, agree very closely with the fossils.

Fagaces.

- Quercus spicata, Sm. In size, shape, and venation, aé also in
the strong midrib, this species exhibits a striking resem-
blance to the Assam leaves.

Myristicacez.
- Myristica Kingii, Hook. f.
M. linifolia, Roxb. Leaves reach a length of 20—30 inches,

Lythraces.

Lagerstremia macrocarpa, King,
L. Flos Regine : leaves smaller, but with very similar secondary
. veins. ‘ :

" Moracee.
drtocarpus rigida, Blume.

‘ Rubiaceze.
Gardenia tubifera, Wall.
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Gutiifera.
Garcinia Griffithii, T. Anders.

Burserace.

Canarium  secundum, Bean. The compound leaves have leaflots
up to 6 ihches long.

Anacardiacea:.

Buchanania latifolia, Roxb.

Semecarpus Anacardium, Linn. . Tn this species the secondary
veins are more like those of Magnolia.

Mangifera pentandre, Hook. f.

Ericacea.

Rhododendron  Faleconeri, Hook. f. A very similur type of leaf
with a blade 6—15 inches in length.

Dipterocarpacceae.

Hopea Wightiune, Wall.
Dipterocarpus spp.
Ternstraemiacewx,

Camellia Riquetiana, Picrie.

It is far from my desire to exaggerate the difficulties confronting
those who undertake the revision of described species of Howering
plant founded oun leaves or the identification of fresh muterial.
My contention is that a great many of the determinations of fossil
Angiosperms bave little or no value as botanical records. Assuming
the truth of this statement, the question may fairly be asked,—Is
it "desirable to spend time on the examination of fossil leaves if
the identification of a large proportion of them is hopeless 2 The
answer is that good service would be rendered by a eritical revision
of existing lists of fossil genera and species of Angiosperms, even
though little more were achieved beyond the elimination of sych
records as could not be accepted as trustworthy by competent judges,
The work would be tedious and extensive and ““ beyond the power
of the great majority of botaunists to undertake single-handed.”

TA Brocx. DEL.
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An urgent need is ““ an organised exploration of the later plant-
bearing strata and of the wealth of material already collected,
which should be taken in hand by experienced pal®obotanists in
conjunction with botanists who possess a wide and accurate
knowledge of recent Angiosperms.”!

The importance of searching for fruits and seeds has not been
fully recognised: in beds containing well-preserved leaf-impres-
sions these are seldom found, but if greater stress were laid on
their importance as factors in determining affinity there would be the
greater chance of securing the valuable evidence supplied by repro-
ductive shoots. Such work as that of Mr. Clement Reid, ably
assisted by Mrs. Reid, affords a striking illustration of the possibili-
ties of investigations on the seeds and fruits of Tertiary and
post-Tertiary tlowering plants.

EXPLANATION OF PLATES,

With the exception of fig. 54, all the drawings are natural size.
Prare L—Phyllites kamarupensis, sp. nov.

Prare 2.—Fi1a. 4.—Dhyllites kamarupensis.
¥ios. b, BA, 6.— " hyllites, sp.
(Fig. BA: a portion of fig. b enlarged three times.)

! Soward, New Phytologisi, Vol. 11, p. 244, 1903.
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NOTES ON THE POTING GLACIER, KUMAON HlMALAYA,
JUNE 1911. By CAPTAIN GRINLINTON, R.G.A. (With
Plates 19 to 26.)

1.—The position of the snout of this glacier was fixed in

October 1906 by Messrs. G. de P. Cotter and

‘pogii:'l?n o(;b::;r.:tiiﬂgozf J. Coggin Brown of the Geological Survey of
: India.!

The main object of the journey to the glacier, the results of
which are recorded in these notes, was to see if any evidence of
secular change of position of the snout since October 1906 could
be collected.

Besides the above, it was hoped that some evidence as to the
former extension of the glacier might be discovered, and an en-
deavour was made to collect some data as to the physical condition
of the ice, and its general behaviour. '

In 1911 the visit was made during the first two weeks in
June. The actual time spent on the glacier was,
however, very short. The party arrived on the
afternoon of June 6th and, through untoward
circumstances, had to leave at mid-day on the 9th June.

There was still much snow about at this time. The Poting gir
(glacier stream) from the snout right down to Bugdiar was bridged
at frequent intervals and for long distances by snow, still 2 to 4
feet deep.

2.—The snout itself was fairly free from snow, though the stream
for 8006 yards below it was quite bridged. The upper portion
of the glacier was still deeply covered on the south-west side.

Immediately on arriving at the camping ground near the glacier
a search was made for the marks 4 cut in the rock at the stations
A-) B, 092

Those at DA and (®B were found at once, and were in excel-

lent condition. That at @B has been painted in
u.ec 3,“,‘:',:1“2“,";,, llglolo of with red paint, which was in such good condi-
" tion that it did not need repainting. The mark

Visit of June 1911,
much snow.

ecords, Qeol. Surv. Ind., Vol. XXXV, Part 4, 1907.
ords, Geol. Surv. Ind., Vol. XXXV, Part 4, plate 65.
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at ®A bhad no red paint in it; it locked quite clear, clean cut
and new. The white colour was so conspicuous for sighting that it was
not painted.

The mark at @C was covered deep in snowdrift at the time
of the visit and was never seen. Its horizontal position was fixed by
tape and compass for a temporary photo station,! and the plotted
results show that the position found was very close to that of ®C,
though as the snow was deep the temporary station (®C; must
have been some feet higher than the true ®C: probably some-
thing of the order of 10 feet.

3.—An examination of the tabulated results® of the measure-
ments to @K (Cairm of "1911) shows that

wl':“;l:z‘t‘lc ;}y:g:\:tn nt: the snout is in practically the same position
as in 1906, as in 1906. There scems to be some slight
evidence of a very small retreat, but this may

be scasonal.

The general condition of the glacier, however, speaks of vigour,

and if it is retreating it is certainly contesting every inch of ground
lost, '

The most striking feature at present is the left lateral moraine.

Left atersi moraine The general eleva.tion of this member above‘ t.he

now very active. rest of the glacier and the signs of activity

‘ exhibited by it are most interesting. A general

description of the glacier member by member and a short sketch

of the salient points of the valley seems the best way of conveying
an impression of the whole.

These will be taken in the following order i—

(1) Poting valley, (2) The glacier snout, (3) Terminal moraines, (4)
Left lateral moraine, (5) Right lateral moraine, (6) Surface moraine,
(7) Crevassing, (8) Ice fall or cascade, (9) Névés, The structure and
other points as to the ice itself will be dealt with as they occur.

) The Valley of the Poting.

4.—The Poting valley enters that of the Gorigunga at Bugdiar,
two marches north of Mansiari on the Almora-Milam road.?

-

! The point hag been marked Cyinstead of ¢, on the sketeh map of 1911,
2 Diagram No. 13, Table B. I
3 Indian Atlug, quarter sheet, 66,
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A rough longitudinal section from Bugdiar to the glacier snout
is given in sketch No. 8, from which it will be seen that the bot-
tom of the valley, over this section, rises at about 570 feet per
mile, but that the gradient is by no means even. There are two

Variation In gradient Vvery defined bumps at the 2nd and at the
of vallcy bottom, 4th mile up from Bugdiar.

A grazing track leads up the left bank of the stream. For the
first two miles the gradient is steep, and the lower ption of the
valley as far as can be judged from the path is steep-sided and
V-shaped at the bottom; the Poting gér being even now hard at
work cutting down through a great amount of talus swept down
from the upper valley and also derived from the cliffs to the north.
The general trend of the valley is here west and east.

5—After 2nd mile and at an elevation of about 9,800 feet
to 10,000 feet the valley opens out considerably, and the gradient is
very much less steep. ‘

The general dip of the gneiss being more or less northwards
and the trend of the valley roughly west and
east, the stream keeps to the southern side and
vast slabs of rock slope down to it from the
southern bounding ridge, with only moderate talus at their feet.!
There is, as is natural under these circumstances, much more talus
on the northern side of this open part of the valley.

This latter is no doubt derived in a great measure by denuda-
tions from the cliffs to the north; probably the larger blocks consti-
tuting the rock falls seen about here are from these cliffs. But
judging from the size and shape of the smaller boulders in this
talus, and the very evident lines of distribution among them, it
is probable that a large quantity of it is derived from hanging
valleys high up in the northern cliffs, Probably a portion is originally
of glacial origin. The whole mass has been much rearranged by water
flowing from the north, and the usual long straight channels with
steep sides have been formed in the boulder beds.?

6.—Sketch No. 11 shows the bearings of certain prominent
points from the point where the valley commences to open out at
2nd mile from Bugdiar. From this the position of the valley of

An open part of valley :
distribution of talus.

1 See sketch No. 11, round about the word * Jungle ” just above * Poting G4r.”
2 There is a remarkable absence of earth between the boulders pear the channels at
the surface,

(4]
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the small Cherkani glacier can be recognised.! The Poting glacier
jteelf is first seen from this point.

In the centre of the open space which is next traversed a small
Bhotia village now exists and one substantial stone house is being
built.

At about the 4th mile the valley commences to rise again at a
steeper gradient. This rise is also due to a mass of detrital matter
very similar to that at the 2nd mile and lower.

There are many large blocks, possibly derived from the cliffs to
the north, but here again the greater portion is composed of smaller
sub-angular blocks set in earth.

There was, however, no time for close inspection. The whole
is grass-grown and well established, and the stream here, as lower
down at 2nd mile, is still cutting its way down through the mass.

7—The camping ground wused in 1911 was lower than that
of 1906. It was situated some 3 mile below the snout.

At this point the valley takes a turn towards the north, sweeping
round into a straight run on a bearing of about 140° and 320° and
some 2,000 yards long. It is in this straight run that the advance
portion of the Poting glacier lies. The valley here is steep-sided
and rugged ;? but the bottom seems to be
gently sloped transversely. After a run up
this straight portion for 2,000 yards the valley
takes a very sharp turn up to the north on a bearing of 9° and
189°, This portion of the valley is a deep cut, with very steep
walls up to 300 to 500 feet above the ice, and holds the ice fall.

The general inclination here up the cascade is 31° from the
horizontal 3

A description of the valley above this point is reserved till the
névé is described.

The valley mear the

The Glacier Snout.

8.—As mentioned above in Section 3 the ice cliff at the snout
seems to have, remained in practically the same position as in

3 The valley of the small glacier marked on the Atlas sheet just south-west of
Chorkgnl peak (17,088 feet) calls for remark when considering the evidence of the former
extension of the glacier in this valley.

* The sides seldom slope at Jess than 30° from the horizontal and there are many
cliffs on the north side.

? See photograph No. 14. The ice fall, taken from (888",
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1906.. There is some slight evidence of retreat, but this may be
seasonal, as the measurement of 1906 took place in October and
‘that of 1911 in' June.

According to the plane table sketch of 1906 the Cairn of

. 1906 was built so that its centre lay some 10

clul:?v‘:ﬁ:::f:e o:vi!t’h“:'lel- feet back from the lip of the ice cliff; that of
gord fo secular motion.  1g717 Juy wholly within 3 feet of the lip.

The distance from @B to the cairn of 1906 was 949 feet, and
from @B to the cairn of 1911 worked out at 960 fect, so there is
a certain difference of 11 feet plus the probable extra difference of
7 feet making 18 feet of retreat at a mazimum estimate? '

9.—The lip of the ice cliff is a very strongly marked natural
feature and seems fundamental. It is quite a reliable line of re-
ference. This is deducible from the very constant value of the
slope of exposed ice (as observed in the Poting) wheno: caused by
weathering. Tt is always within a few degrees of 35 {rom the
horizontal. . '

Sketch No. 2 shows the hotizontal trace of the lip of the ice
S cliff of 1911 superimposed upon that of 1906,
thal;llpﬂ‘::t 3"’,9&" ",‘:,e"; the latter feature being enlarged .from the
slightly more up valley gketch map, pl. 65, Records, Geological Survey
as & whole. of India, Volume XXXV. The ice cliff of
1911 is seen to be somewhat smaller than that of 1906 and as a
whole is further ‘‘ up valley.”’

All that can be concluded from the above is:— -

(1) The lip of 1911 is a few feet further up valley than that
of 1906. : :
'(2) The observed difference may be seasonal. T
(3) Tf it be secular it is very small, being only 38 feet per year
at a mazimum estimate and it may be as low as 2:3 feet
per year.

70.—The form of the ice cliff -itself is worthy of remark.
It is a surface of ablation rather than a cliff containing the usua)
cave. At the time of the visit of 1911 the lower portiop was much
hidden by snow, but the glacier stream could quite easily be heard
a short distance from the snout and its position locatedv by ear.

1 Records, Qeol. Surv. Ind., Vol. XXXV, pl. 65. ] )
See diagrar; No. 2, which shows the lip of 1906 and that of 1911, superimposed on it.
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From the photos of 1906,1 and the observed slope and conditions of

1911, it seems that though a lot of sub-glacial

o f the ice i grainage escapes from under the ice, there is

no true tunnel-like ice cave of any consider-

able dimensions. Water trickles down at all points of the exposed

surface and unites with the sub-glacial discharge to form the
glacier stream.

11.—The condition of the ice itself at the snout is very instrue-
tive and interesting. The ice is highly laminated. On close
inspection the finer structure is seen to follow the more defined
“ ribbon-striping >’ 2 appearance, which is the most pronounced
feature of the ice when viewed from a little
distance.  Generally speaking the structure,
at the snout, dips inwards, up valley and towards the axis of
the glacier; the angle of dip is, however, very small. Towards the
south centre of the ice cliff and on the north side low down the
dip is reversed, being down valley at a very small angle.

In other words the snout exhibits the well-known spoon
arrangement of structure. The low angle of dip, and the above-
mentioned reversal are, however, remarkable points, considering the
short distance of the snout from the great ice fall.

It cannot be much more than 2,000 yards.

12.—A point of considerable interest and difficulty presented
. by the ice at the snout and also at certain
Ribbon-striping. other parts of the glacier is the abovemen-
tioned ribbon-striping. It was observed at several places where
the ice was exposed in steep faces near moraine, and was seen
everywhere round the snout on crevasse walls and on the face
of the ice cliff. This ribbon-striping closely follows the smaller
structure, but unlike the latter is not lenticular in its parts as
seen in section.

The whole ice surface where it exists is covered with fine mud
and gravel and the stripes, seen in section, look like layers of
the ice, which ewing to some natural property hold more of the
surface dirt than those contiguous to them. It may be, that the

Ice at the snont,

1 See Records, Geol. Surv. Ind., Vol. XXXV, pl. 58, and compare with Shankalpa

ice cave, pl. 57.

? This term * ribbon-striping” is nsed as a stop-gap until the true nature of this
phenomenon is traced or it can be referred to some already known featuro of the glaciers
of other parts of the world or of the Himalaya.

E
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mass of the ice itself contains more dirt in these layers; but th}s
was not evident from a close inspection of the ice as seen 1n
sections along several bearings at large angles to one another.
The ribbon-striping, to all appearance, is simply an expression of
the inner structure of the ice in terms of the outward dirt.

13.—So far as this goes they might be the usual well-known
Ribbon-striping com- Girt bands, but there is much against accepting
pared with dirt bands.  this as an explanation.

Dirt bands, according to Tyndall, are formed by dirt settling i‘n the
residual snow left in the trough of the wave-like wrinkles found
at the foot of the ice cascade of many glaciers.

The orientation of the glacier bears a part in their origin.
(Snow in the trough is, however, not always necessary for their
formation.)

The ice as a whole becomes more rotten at these places ﬂ.l'ld
so retains a considerable amount of extra dirt to the end of its
course.

There are five such wrinkles at the foot of the Poting cascade,
but these must be about 400 feet from trough to trough, and.it
is hardly conceivable that by any of the usual processes of glacial
movement they can have reached a distance of say 1 foot to 18
inches apart and have attained a uniform width of .from 2 inches
in some cases up to about 1 foot in others by the time they 1:cach
the snout some 5,000 feet from the foot of the last wrinkle
(measured along the surface of the glacier).

Moreover the ribbon-striped appearance was note(! wel} up

the glacier on the face of the snr}all' ice clifi in

c@:'t’:"tfe";'fl"ﬁll,“““" the right lateral mor.aine, which is itself at the
1 foot of the last wrinkle.

14.—On the other hand it is hard to ascribe these stripes

to dirt held in the more porous parts of ?he

soﬁll;h:::;g}“v'gnd ;'c';‘f laminated ice. The laminafsion of the Poting

glacier is eventually a lentlcﬂler .arrangeme.nt.

This being the case how can dirt held in the softer 1ce embracing

lenticular parts of a clearer and harder nature give rise to l:)ng
ribbon-like stripes on an exposed surface such as tfhe ice chﬁ_.

This is all the more improbable because, as will be.des'crlbed

later, the width of the lamine of both white and Dblue ice in the
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veined portion of the glacier is small, never more than some
3 inches as a maximum at those points where it can be observed.l

Should the above be the cause of ribbon-striping we should
expect the markings resultant from it to spread about on the ice
face in a somewhat irregular manner like the veins on certain
marbles ; not, as is the case, to find regular, sharp-edged stripes
all parallel one to another, each following the slightest flex in the
general run of the structure.

15.—Search was made to see if the ribbon-striping could be in

any way connected with the crevassing. It might

crekvl::..‘;::mpi"g 204 hossibly be that the stripes were scars, or even

layers, in the ice which were charged with

more dirt than other parts, due to the fact that they represented
healed up erevasses.?

No connection conld he found. Indeed it seems very improbable
that there can be any, especially in a glacier like the Poting, which is
only 6,000 fect long below the cascade foot. Crevassing, for the very
reasons that cause it, is across the structure except in those cases where
it is subsequent to it. Under these latter circumstances, however,
cross structure can generally be traced when the crevasses are
marginal, or the origin and final fate of the crevasse itself is
traceable in the case of transverse or accidental crevassing. In the
Poting one case of transverse crevassing was observed running
with the structure, but it was quite possible to see from the
place itself that this could produce no general effect right across the
snout such as the ribbon-striping is. On the other hand all
other crevasses observed cut the structure at a large angle.

Under these circumstances it is hard to believe that the ribbon-
striping can be directly due to healed crevasses.

16—There is no doubt that at the ex-

onniiﬂ:::ig?lc‘:f ::3":: posed surface the ribbon-striping contains more

ribbon-stripes. sand and dirt than the other parts of the ice
there.

The ice is more pitted with small stones and small holes.

But as the stones increase in size there is a very marked and
sudden change in distribution. They seem much more, indeed
quite, evenly distributed over the surface.

! And not more than 18 inches long even as a maximum. (See section 34 on p- 119.)

% Sec Jour. Asiatic Soc., Ben., Vol. XVI, 2, paper by General Strachey on Pindari
and Kuphini glaciers,
E 2
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In one place three sides of a column of ice carved out by
cross crevassing were observed. Each ribbon-stripe followed the
same plane, as it outcropped on these three faces.

The semblance to a pile of sandwiches of clean and dirty ice
was very strong.

But on clearing away the surface ice and dirt over several
dark and light stripes the ribbon-striping was no longer evident
though the lamination was even more clear.!

17.—The lamination of the ice at the snout next calls for remark.

Lamigation at the Closely associated with the lamination is the
snout. graining of the ice.

At the snout itself the ice is in a somewhat different condi-
tion from that further up the glacier. The lamination, however, is
distinct. The ice can be split up along the planes of structure
with ease and the whole consists of lenticular portions of the ice
separated from each other by more friable parts. But the
ice seems to be in a different condition from that at the
snout of Alpine glaciers. One cannot say it is truly veined,
The lamination seems rather to be more abrupt and “ short.”’
Tnstead of large plates of clear blue ice included in white irregular
bands the whole gives the impression of being a conglomerate of

Appearasce 1like a nodular concretions which has been subjected

compressed  conglome- 4 intenge pressure,
rate.

18—The graining of the ice a little higher up in the left
Oralning of the ice at lateral moraine is most marked and will be
the snout. dealt with later.

At the snout this graining exists, but each grain is compressed,
in the direction parallel to the general lamination, to & very much
more marked degree than further up in the glacier.

The grains themselves, to a depth of at least 9 inches (and may
be more) from the exposed surface, are separated from e.ach other‘
by capillary planes which seem to contain water. This is d.u?, to
weathering preliminary to the melting of the whole. Individual
grains were examined for ice flowers; none were found, but the

fce flowers not seen, trace of some molecular, or other, arrangement,

but other evidence of was, nevertheless, to be observed in each
planes of freezing noted. grain.

1 Time did not allow of a final experiment being made by trenching the ice on two
parallel planes, clase tagether, and across the structure. Tt might then be poasible to see
{by transmitted light) if the dirt in the ice tended to collect in certain planes or not,
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These* proved¥by the way that they ran}in each several grain,
that the grains themselves were set at random in the ice as in
the case of Alpine and other glaciers.

This marking of the grains consisted simply of very fine lines,
parallel to each other in each individual grain, which could be seen
on the exposed surface when viewed at the proper angle.! In cases
where the specimen was in an advanced stage of disintegration the
finger nail could just feel the little hollow line caused by them.

19.— The ice itself when viewed in hand specimens is clear

Colour of the ice 25 crystal, showing mno colour of its own,
at snout in band speci- though the usual prismatic ones (chiefly violet)
mens. are often seen in turning it. In spite of
this clearness in small specimens, the ice as a whole is highly
charged with gravel and dust. The grains of gravel are quite
visible when the ice is looked close into «n masse; the grains

seemed to be scattered at random, as also is
ve:‘:n:h;‘:g:d with 22 1o casc in hand specimens. The ice also con-

taing much exceedingly finely divided rock matter
such as is commonly to be obtained by straining the water of
slacier streams through filter paper.

A very remarkable point about this fine dust is that the ice

The very finely diviiea Charged with it when unmelted looks clear,
matter present ia the the dust does not show, only the larger grains
fee. of gravel and sand are visiblee When, how-
ever, ice from the snout is taken, cleaned outside, dried and
melted, the water obtained is quite muddy. So much so that a
white glass quart bottle full of it quite obscures the light from an
ordinary candle held only 3 inches on the further side of the bottle
from the eye.

So fine is this matter that after the bottle has been well shaken
up and then allowed to stand for 72 hours some of it is still sus-
pended in the fluid.

20.—In order to obtain some idea as to how much foreign
matter the ice contained a specimen was taken from the snout,

Amount of fordign cleaned, dried, and melted in a carefully pre-
matter in the ice at the pared vessel, the proceeds being poured into a
snout. . .

specially prepared bottle cleaned by a chemist

! By holding hand specimens of ice at various angles to bright sunlight it was hoped

that some more of the internal structure of the ice might be shown up by reflection. But
nothing more was seen.
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and kept corked till wanted.! While melting the ice was closely
watched for buhbles, but no traces of air were seen rising through the
water.

One bright silver.like spot was seen; it was not flat, but was
of the shape of an ordinary raspherry. It was, however, only some
3 inch in diameter. On gently rubbing the ice till the finger
touched this, the whole vanished like a flash; it was probably
vacuous, but it is impossible to say for certain. The rubbing did
not take place under water, but a thin film of water covered the
ice at the time.

21.-—The actual spot from which the specimen was taken was
the roof of a small cavity, formed during melting, about half way
down the face of the ice cliff.?

From the roof and sides of the eavity nodular masses of ice
were hanging. Several of these were broken off by hand and
melted.

This nodular formation is remarkable. It seems to be due to

the ice melting from the surface of each grain,
lce":gg:,’;:ﬂ;:’g’_"“" o and shows how very strongly the granulation
governs the disintegration of the whole.

As examined here the white ice which is found embracing
the blue plates in cases of ordinary lamination was absent. The
fact that no bubbles were seen to rise as the ice melted is signifi-
cant. Kxperiment on a larger scale may, however, prove that air
is present, but on a very much more reduced scale than is usually the
case. Unless this is so, or some other substance, or condition of
ice, is substituted for it, how is it that the fissile quality of the ice
along well marked and visible planes still remains? The whole
should unite as one mass by regelation.

22—The colour of the ice at the snout as scen en masse
is very noticeable. When seen from a few inches the ice is clear,

Color of ice st snout the sight plunges down into a dark void
en M asse. slightly tinged with tea colour. But when
seen from a little distance the ice looks slaty
grey ; not unlike the colour of the flanks and sides of an ordinary
grey donkey.

! This was found to contain—
(@) A light sediment 05 per cent. consisting chiefly of clay and soapstone [includ-
inz the small quantity of dissolved matter].
{b) A heavy sediment 08 per cent. consisting of course siliceous sand and frag-
ments of various stones.
See Sketch No. 9A (diagrammadtic).
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The ribbon-stripes are of the same colour, only a tone or two
darker.

When scen from close up the stripes have a slizhtly more brownish
colour than the rest.

Taken as a whole. when viewed from some 200 yards, the ice
looks not unlike the lighter portion of the surrounding rock of the
valley.

23.—Under one particular lighting there is a complete change in

Complete change fn PPEATINCE. This was first .noted at 2-30 p.M.
general appearance of On June 7th in Dbright sunlight. The observer-
:;" under certain light- was some 100 vards east-north-east of the

& snout and some little distance below it in
level. The ice cliff under these circumstances looked white with
grey ribbon stripes running across it. The ribbon-striping was
extraordinarily eclear and with sharply defined edges. This appear-
ance was maintained till the observer had approached quite close
to the ice, say some 30 or 40 yards and then on approaching
still nearer it vanished quite quickly within a zone of about 10
paces (the observer approaching up a slope the whole time). It
is very probable that this white appearance is due to light
reflected from some of the inter-granular capillary surfaces men-
tioned above.!

The position of the sun and the eye with reference to the
observed surface are auxiliary factors determining the point at which
the appearance vanishes.

Once observed the appearance can generally be seen again by
dodging about till the correct angle of view and distance are
obtained.

24.—The fact that there is a limiting zone, for a given
position of eye and sun, points to probable reflection from some
particular set of capillary planes more or less parallel one to
another.,

This tends to confirm the observations already made that the
lamination has the appearance of a compressed mass of nodular
concretions® and-that the grains themselves (at the snout) are com-
pressed ® in the plane parallel to the general lamination,’

! See section 18 above.

? See section 17 above.

¥ See section 18 above.

¢ The white appearance was not bright, 1.e., not like the light roflected trom a wet
or polished surface, but was dull white like some ice in the cascadso.
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No large boulders were noticed included in the ice at the snout,
though some fair sized stones were seen, say 3 to 4 inches in dia-
meter. These were embedded in the ice and may simply have
sunk in at the surface, being large enough to store heat for the
work.

These stones were angular fragments, not scratched or smoothed.

The Terminal Moraines.

25.—No terminal moraines other than those in the immediate
vicinity of the snout were seen. These seem much in the same
condition as in 1906.

In June 1911, snow below the snout prevented search being
made for scratched boulders.

The small terminal moraine marked in the sketch map of 1906 !
at a point 300 feet east of the last ‘““8”’ in ‘“ LARGE CRE-
VASSES *’ has considerably developed since 1906;% it can now be
traced right up to the ridge of the active left lateral moraine.

The newly formed and the old terminal moraines were searched

for cracks which might indicate an advance of

moglracks In termioal ¢po ooyt The moraine at the north-east

corner of the snout was sufficiently exposed

to show any had they existed. Not the slightest trace of any

Some new moraige SUCh cracks was found, though here, as else-

z::fmh::' :I;; over old where, a certain amount of fresh moraine matter

c was found shot out over the old moraines near

the ice. On the older moraine, bushes and short under-growth
some 2 or 3 inches high are firmly established.

The Left Lateral Moraine.

26.—The left lateral moraine is the most interesting member of
the glacier. In June 1911 it showed very considerable signs of acti-
vity. Looking up the cascade the extra amount of moraine matter
Bxtra moraln co brought down it on the left (?“t) side _Was
down left side of coe. Very marked when compared ‘with the right.
cade —large blocks fre- Large blocks with intruded veins, as in 1906,
quent. were of frequent occurrence and were noted

1 Plate 65 of Records, Geol. Surv. of Ind., Vol. XXXV.
? Eye estimate from plate 65 and photo of snout, plate 58, Records, Geol. Surv. of
Ind., Vol. XXXV,
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all along the ridge of this lateral moraine from Cascade Point right
down to the snout.?

At the foot of thecascade the ice is seen to be considerably
higher on the left (east) side and this bulge sweeps round into the
straight run of the left lateral with a very energetic curve. This,
however, is in a great measure due to the plough action of
the western face of ‘‘ Cascade Point’’ cliff, which is highly glaciated
as a consequence.

Sketch No. 3A shows the type of the left lateral moraine down to
about point 960 feet. Sketch 6 shows the transition stage at 960 feet,
and sketch No. 3B shows the final resultant type below that point.
The protection afforded to the ice of the moraine causes the usual
elevation of the ice under 1it; the outer face of this elevation is a
steep slope of ice at 35° from the horizontal.

27.—The rocks, etc., shot down this slope are to a great extent
caught up in the crevassed ice between the slope and the crest
of the old grass-grown moraine wall; but not all. A very con-

siderable amount, all along the moraine from
shﬁ:‘:y‘:‘::“":: le'I“:: Cascade Point onwards, is being shot out over
left lateral moraige. the upper slopes of the old moraine wall.  This

new stuff shows up very raw and clear against
the older grass-grown material below it. Below point (960 the .
active left lateral moraine looks as if it were about to ride over
the old moraine wall.

The fact that there is a very distinct set of current in the ice

Set of current tending tending to bring this about is very strongly
to override left lateral forced on the mind when this point is observed
moraine. from a little west of, and above, ®A.

The evidence afforded by the crevassing and structure near this
point strongly bears this out. The apex of the structure is abnormally
close to the left lateral moraine just about this locality. This will
be dealt with later on. It is, however, worthy of recording here
that the evidence given by the crevassing, etc., was not clear till the
interpolated points and the strike of crevassing had been plotted,
which was done away from the glacier and so is in a great measure
independent evidence.®

! The intruded and folded veins as exposed in the peak shown at the head of the ice
fall in photo (14) are exceedingly beautiful. The blocking out of this peak by denudation
regardless of the folding is very characteristic.

* See sketch map No. 1.

3 See skotch No. 12.
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28.—No one in the present state of the glacier would be so rash
as to say the active left lateral moraine is about to ride over the
moraine wall. But the conditions which make such a thing pos-
sible are present. The fact that the melted
ice has alrcady commenced to drain down the
moraine wall east of 960! is significant.

This may eventually cut a channel of sufficient size to allow
»f a small ice flow down it. Should this happen the Poting glacier
will be a very interesting one to watch closely. Evidences to what
happens when ice flows over loose boulders and old moraine
matter is always very well worth collecting. Observations from
(©®960 were taken to determine the height of the ice relative to
the side of the valley at this point.?

29.—The following points were noted with regard to the ice

in the left lateral moraine at a point 250 yards up
..,J,‘:l.,,':e,,'ﬁﬁou{,"““" valley from the snout® (The moraine at this
point is mainly composed of rough broken stones

3 inches to 1 foot in diameter., The depth is very variable but
probably never more than 3 feet.)

The ice is highly granular, clear in hand specimens, and not of
a dark green colour.* The grains show the capillary planes
between them very distinctly. The grains average 3" x3” to }”x1’,
but there are not many smaller than the latter : they contain sand
and gravel up to } inch in diameter.

Drainage down flank
of moraine wall.

The fine lines in each grain were noted here as at the snout.
The arrangement is exactly similar. The lamination of the ice is
the same as at the snout; only the compression of each individual
grain with the structure is not so pronounced. Further _up

4 valley, about 430 yards from the 'abO\(e point,

inelc:e:;l;:tn:iurlr;ll::;::: the ice is different.’ The lamination 18 of a

much more normal type, white bands include

lenticular plates and the graining is not evident. The blue .plates

are up to 13} inches thick and the white ones up to 2 mche.s.

The lamine of blue jce are, however, short » here as elsewhere in
this glacier.

1 See the two arrows on sketch map No. L.

2 See “ Ice level hlock ” on sketch No. 6.

¥ Sketch No. 12, point II. . « »
¢ Some glacier ice in Kumaon has been described as “dark hottle green.
¥ Bketch No. 12, point IX.

(%)
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The Right Lateral Moraine.

30.—Owing to the amount of snow about, the ohservations made
on this member were very few.

As far as the conditions allowed it to be traced, it appears that
the moraine matter which comes down the right side of the cascade
forms an active lateral moraine inside the older right moraine wall.
It keeps close to this latter all the way down the straight run to
near point @935. The snow here was deep; but a series of mounds
projecting from it and running on a curve gradually receding from
the moraine wall was noticed. This is believed to represent the
present right lateral in this part of the glacier.

From a combination of the facts observed in 1911 and those
deducible from the photographs of 1906! it seems that from the
great bend onwards a new moraine wall is now heing formed in-
side the old one on which the points ©821, @337 (D) and (229
(C) are marked. 1t is in a very embryonic stage. Short vege-
tation is firmly established on the old moraine wall. No new
moraine matter was observed shot over the old in this lateral.
Larger blocks are few and far between and none were observed
which looked newly deposited.

No detailed observations on the ice of this member were made.
Where seen it was similar to that in other parts of the glacier in
the same transverse zone. ‘

31.—The formation of a small auxiliary ice ecliff well up in

the right lateral moraine is interesting.? This
ﬂgﬁ;"‘l‘:‘t:m :l::m‘.‘l‘e'f I occurs just at the foot of the last of the 5

wrinkles at the foot of cascade. This is
a point where a general change of slope takes place right across
the glacier.?

The buttress of rock which meets the right lateral moraine at this
point has probably (by the combined action of retardation due to fric-
tion and thermal effecls due to retention of heat by the rock) been
the main cause of the formation of this chiff. A very considerable
amount of drainage takes place from under and down the face of
this cliff. It keeps inside the old moraine wall and finally joins

1 See Records, Geol. Surv. Ind., Vol. XXXV, pl. 58.

* See sketch map No. 1 at a point in the right lateral 1,500 feet south of cascade
point (2038).

3 Bee sketch No. 7 at 1,730 feet from cascade.
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the main glacier stream near the snout. The exact manuer in
which this drainage is conveyed was not observed. The slope of
the face of the ice cliff was not measured : but it was estimated at
about 35°.

Sketch No. 16 shows the arrangement of the structure as shown
at this point. ¢, ¢ are crevasses' and s, s indicate the structure.
To those interested in the folding of natural substances this sketch
is instructive, as it shows an instance of the folding of the ice into a
wedge, which has been driven up through the structure on one
side of and above it. The wedge remains clearly marked and sharp,
but the structure of the ice into which it has broken is quite de-
stroyed for some 1 to 3 feet around it.2

The Surface Moraine.

32.—The snout is covered right across from side to side by

surface moraine, which has in places given rise to glacier tables
and sand cones.’

Sand cones resembling a hog’s back were observed some 900
‘ Sand cones. feet west of the ice cave. The larger stones
on the sand cones had sunk into the ice in the usual manner.
The orientation of the major axes of the hog’s back sand
cones was not taken with the compass, but is more or less
west and east. At the snout itself small sand conés on the actual
slope of the ice cliff were of frequent occurrence. They were
about 2 feet high and some 3 to 4 feet across the base. These
were ordinary cones.

One glacier table was measured up, at the point marked G @ T
900 feet west of @ 293 (the cairn of 1911). It was a block of light
coloured gneiss 8 X 6’ x 4’ on its flat. It dipped at 15° from
the horizontal towards MB 170°% The stem was some 3 ffset
high and 3 to 4 feet thick. The ice in it is clear, cha..rged. with
gravel and granulated. No note was taken of the direction of
lamination. The grains were noted as smaller than at the snout,
averaging from §” x §" to}" x }".

? Bee sketch No. 9 B for typo. N .

* Ribbon-striping was observed following the structure in this ice cliff. It was not
8o broad as at the anout. .

% This moraine varies from 1 to 3 feet in depth.

¢ The slew of 10° in this dip is due to an afternoon shadow from the ridge on the
south-west side of the glacier.
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33.-—~The area round point G @ T was examined for structure.
It is very heavily crevassed. The structure is of very much the
same type as at the snout.!

It is interesting to note the distinct tendency there is (shown
by the plotted results of dip and strike round here) for the ice in
the left lateral moraine to * set ’> outwards 2 just below (&)960’. The
exact distance up the glacier that the surface morsine extends was
not determined, on account of the prevalent snow drift. At 943
there is no surface moraine of any consequence. The snow here was

Extension of sarface only 1 or 2 inches deep and on sweeping it

moraine up glacler. away the wel lknown ‘rake marks’’ were seen.

In the crevassed areas west of G ® T moraine

is heavy. The western limit of it may be estimated at somewhere

about 600 to 700 feet west of G ® T.

Near © 943 a very careful search was made for ribbon-strip-

ing. A series of crevasses were examined in

u::',n c:l:"’:’e"':,"‘::::;’eﬁ great detail here, from newly formed ones only

above area of surface a few lines wide to ones which had opened

2:1";1::‘!: mewly formed 4 t6 6 to 9 inches wide and more and into which
it was possible to see for from 5 to 15 feet.

Not the slightest trace of ribbon-striping was seen either on
the crevasses or on the ice surface. :

34.—The structure of the ice as seen here was of a much
more normal type. It consisted of the usual
lenticular plates of blue ice enclosed in that
which was white and more friable.

The greatest length of the blue plates did not, however, exceed
about 18 inches and many were shorter.

Grains were not observed in the ice here. Probably the ice had

not been sufficiently exposed to weathering to
o;‘&f""“ visible near  jovelop them. The amount of sand and gravel
in the ice seemed much less than at the snout,

Structure of ice near
©90.

"but no numerical test per given area was made.

. The Crevassing. ,
35.—The crevassing at the margin of the glacier on both
sidea is quite of the normal type from the cascade down to the

1 For dip and strike of structure, ete., see sketch No. 12,
* See above section 27.
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bend at ©943. No transverse crevasses were observed in this
part of the glacier. If there were any they were quite hidden
by snow,

At the base of the cascade there were the usual minor longi-
tudinal crevasses, arranged in the well-known
fan-like manner. These indicate the strains set
up by the spread of the ice at this point.

The complicated system of marginal, longitudinal and transverse
crevasses developed below (943 is interesting. It is quite impossible
to describe this system in words, but the general outline of it can
be indicated by diagrams.

No observations could be taken on the diurnal motion of the
ice, but from the observations on the crevas-
sing and structure as shown in sketch 12 and
map 1 it appears that the ice near the left
lateral moraine flows somewhat quicker than that in the right down
to the bend; from there onwards the right side gains and the point
of greatest velocity migrates towards the convex side in the usual
manner.

36.—The retardation on the left side and the associated
longitudinal crevasses near point VII, sketch 12,% are quite accord-
ing to what is known of crevassing in other
glaciers. One component of the spreading
motion consequent to the above has probably
been the cause of the set of the ice current towards the morsine
wall north-east of (960 mentioned above.?

The crevassing just west of G @ T is believed to be transverse,

not longitudinal. The probable cause of it is

“:‘r“&’;fm erevassilg 5 change in level of the valley bed, or per-

: chance unevenness due to ridging from the gouth.

The system has, however, become 80 complex near here that it 18 not
possible to say for certain.

37.—There are two minor forms of crevassing which call for
notice. Firstly, the type seen at the snout in the face .of the
ice cliff, parallel to the structure and dip, and
of the nature of a scaling off rather than a
type of true crevassing.® In the Poting this scaling off seems to

Crevassing of the
normal type.

Crevassing at and
below bend,

Normal longitudinal
crevassing,

“Scaling off” at snout,

1 See sketch No. 12 and crevasses on gketch map No. 1.
2 Just south of ©960 on sketch map No. L.

3 See sections 27 and 28 above.

4 See sketch No. 9 A.

O
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bhe due to the weight of the ice itself coming into play as the
sub-glacial drainage underminss it.

Judging from the photos taken in 1906 by the Geological Survey,
it seems probable that this sculing off can be brought about by any
thrust along the planes of lamination tending to crumple up the ice
along these lines! The difference of the nature of the crevassing
in an ice cliff where the structure outcrops in a different manner

from that above, is seen in the small ice cliff
“3‘.‘:‘;‘;‘;‘ n .::ﬂ“?:e' in th('a right lateral moraipe.2 Here th.e strue-
cliff. ture is more or less vertical and longitudinal,
and the crevassing consequently takes the form of
step faulting.

38.—Associated with the transverse crevasses near the point G ®
T are a few true faults in the ice. Sketch No. 10 illustrates an
example of a trough fault at this point.

The actua! surface of the glacier shows no change of level where
this occurs. But the fault lines are clear and the throw of the fault
can be roughly estimated from the displacement of the lines of
lamination and of ribbon-striping.

The small trough along the ridge of ice formed in this instance
ig an interesting feature.

Near (943 the crevasses are newly formed and contain no

, moraine stuff. At G @ T the moraine stuff
In&“’c';,‘e':,’:“::.“" fallen  §11s them to within 6 to 10 feet of the lip;

at the snout they are filled to the lip, and

the surface moraine surrounds the crevasse in the form of a sort
of crater, the sides of which slope at some 30° to the horizontal.

39.—As can be seen from the cross-sections given in sketch
No. 6, there is a distinet trough formed on each side of the glacier
inside the ridges of the right and left lateral moraine.

The medial swell is not as high as the left lateral moraine
when the cross-section is taken at right angles to the general run
of the glacier at (©943. The commencement of this trough was
not exactly noted on the right side of the glacier.

'1 See Records, Geol. Sury Ind., Vol. XXXV, pl. 57.

The arching in this case tends to support the ice above it and the splitting is due
17 breakdown under the spandril thrust, such as may be seen in the cases of some badly
bilt brick bridges.

2 See sketch No. 9B.

I. No. 14,
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On the left side it commences some 1,000 feet to the north-
west of ®960 and is much augmented by the longitudinal crevasses
near (960, which no doubt allow of a greater amount of wea-
thering action on the ice than would be the case if they did not
exist. Much of the surface drainage finds its way down this trough
and the associated crevasses. The form of the trough is obli-
terated amid the great crevasses north of G @ T. .

The trough inside the right lateral moraine contains a certain
amount of surface drainage, which combining with the sub-glacial
drainage on that side probably gives rise to the small stream marked
ingide the end of the right lateral moraine on plate 65, Vol.
XXXV, Records, Geological Survey of India. Snow prevented this
point being determined by accurate observation.

The Ice Fall.

40.—A photograph of the cascade! shows that it is very
much narrower than the “ Flowing Glacier ** below it. The general
slope of the fall is 31°, measured up the mean slope of the
ice surface.

The following notes were made on the ice in the cascade.

There is & distinct tendency to split on radial lines at the foot
of the cascade. The waves at the foot were covered with 8DOW,
but looked distinct enough.

Blocks of ice shot down from the upper portion of the cascade
show distinct structure, and (owing to weathering after fall) show the
granulation. They contain no visible sand or dirt. Moraine
descends on both sides of the cascade : that on the left is in greater

quantity. Large blocks were seen 100 or 200 § ¢
of fall in the left lateral. paces from the foot

41—The ice is generally white in colour, but a faint glimmer
of blue was noticed about } way up the fall.
There seems to be a more or less horizontal portion in the

fall half way down and the structure developed there can be noted
in the ice in the lower portion of fall.

In the top of the fall the ordinary horizontal stratifieat:
the névé just where the field breaks into the Hication of

: first
beautifully clear as seen with field glasses. séracs was

1 Photo No. 14.

0,
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The Neve.

42—No close examination of the névés was made, as frequent
avalanches made approach difficult and time did not admit of
reconnaissance for a safe route,

The névé has been visited by one climbing party (Dr. Long-
staff). It appears to be of a normal type, the only remarkable
features being the great steps across it,! which appear to
radiate from the peaks on the north bounding ridge. The
lowermost of the walls thus exposed showed the stratification of
the névé very clearly. The approximate gathering area above the
top of the ice fall is some 3x1} miles in ares.

Evidence as to Former Extension of the Ice.

43.—The Poting valley offers several points worthy of investi-
gation under this heading,

The shortness of the visit of 1911 rendered it quite out of the
question to do more than note a few localities which looked as if
they would repay future investigation.

One warning to future observers is also needed. In many

places on clifis composed of the gneiss deve-
Warnlag to future 1,03 jn this area, the eye is attracted to

obuervets. rounded bosses of rock which look very like
jce-worn ones. But very frequently a closer inspection proves that
the rounded surfaces of these bosses are really due to exfoliation
of the gneiss in huge plates, and the subsequent further polish-
¢ the surface by stones, sand, and water, shot down from
hanging gullies and chutes during storms. The effects of per:
spective and great height above the observer frequ_ently mask
the true lines of projection of the stones, etc., and give a false
appearance of glacial action,

- 44.—In the cascade itself, the walls (especially near ‘¢ Cascade
Point ”’) are highly glaciated to some considerable height above the
present ice surface in places. N

Apart from this there is no evidence, at present vmble,. of a
greater level of ice in the Poting glacier at some former period of

ing o

1 Seo sketch disgram No. 15. This sketch is very diagrammatic and ounly shows
mapin feature very roughly indeed,
' ¥
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"the present epoch. The Cherkani secondary glacier, however, tells
quite a different tale. Sketch No. 15 show (very diagrammatic-

Evidence of former ally)' the most striking features of this little
extension of Cherkani glacier valley. The valley is very evidently a
glacier. hanging one, and the contours of its sides
right up to its débouchment into the Poting valley itself are without
doubt typically glaciated. The deep cut made by the glacier
stream itself in the floor of the valley near its end also strongly
supports the theory that the valley has been occupied by ice v:ry
much further down than is at the present the case, at a quitle
recent geological period.

.This hanging. va!ley very much resembles that of the lower
Grindelwald glacier in general shape, though probably not in size.

Tasie 1 q,

Bearings laken with Prismatic Compass (corrected for centering error of instrument).

f
AtoB [ 1534 ] BtoA &333!5 CitoA] 13 IDtoA 0} | KtoA | 12§

AtoC N.O. i g4 ;
1 0.1 BtoCy | 2343 1 C1to B} 543 [ DtoB 543 | KtoB | 874
|

AtoD | 1894} BtoD | 234} | CitoD| 2343 | Dto C1| 543 | KtoCy| N.O.

l
|
'

—_

AtoK [1922] BtoK | 20673 | C
1toK | 3201 | D
} toK. 2| KtoD | 1893

(8) Bearings 0° to 360° from north vid east and sout]
(b) The magnetic meridian as shown by thess bm'
tate 65, Vol. XXXV, R Fuhen alomam, o nt shewn on
etv;een 1[300 ::d X ecords, Geol. Surv, Ind., even when allowance Is made of chntg;e‘l‘::e?nhrhla;g'
ecording to the chart to face e 82, Hints to T
district i decreasing at a rate of 11'3?2 to 8 mins. of u-'ca vpeelr“;:\'nlliﬂ.u%% thul {150

), the variati
October 1906 and June 1911 the change 18 about 14', on In this

um estimate, between
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TasLe 1/.
]
Measured .
from pl. From o C gy
65, Vol, above table IYJS:iTIt‘ g]ll;’ . Rcszlual
XXXV, Re- of 1911, . :
cords, 1906,
e _ R
Pecrense. (
From A to B . . 156} 1534 1 I 2%
. BtoCi . . . 2374 2343 } ) 23
s Cto A . 4& ]} } } 3
Mean . 5 2'83

NoTE.—So the 1911 azimuths show a rotation of about 8° in a negative dircction from the meridian

accepted in 1906,

The reason of the difference is not gone in

error of one or both compasses.

On the sketeh map all have been reduced to meridian of 1908,

TasLE 1la.

to further. it is very possibly due te differrnces in the initial

) Angies observed with Box Sextant.
Moans of from 8 to 7 shots cach.

(Index error £ 0°.)

KBA|ss 61| ADB 460 14 AKB£73° 501

KBD|81° 8] KDA| 7°7 BKD /o5 3¢

ABD [p8® 693

S
|

i

BAD ! 37 43w

v

DAK| 8 17¢
{

KC A |83 144’

AC B | 54° 47

NOTE.—These sextant angles are not horizontal.
taken goes to prove that this angte
ted in working out the results.

* 81° 5. Evcry other observation

was probably 81° 35 and that value has been accep!

They are all taken *in the plane.’
has been wrongly booked—it

Verticu! angles observed with Clinometer correcte

AtoB I —6} Bt;AT+ 6}
c ' N o— w(‘z.‘—.‘ :-15
_—D~£ s | b ':m
e ey

TaBLe I/
d for tnder error.

CtoA v.0 DtoA — 5 KtoAj —54
B —15 B l —15% B | —16
D ! N.O C, ’ U. 0. C i U. 0.
K | +7 K ’ — apr D | 44

|

* Unreliable ; the value 4} seema to be the moet probable one, but it has been ** cooked ** in

addition to applying index error.
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Prare 19.—Fig.
PLATE 20,—Fig.
Prate 21.—VFig
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PraTE 24.—Fig.
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Prate 25.—Fig.
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EXPLANATION OF PLATES.

1.—Sketch map of the Poting glacier, 8th June 1911,

_Igz:;?g:ﬁht:ﬁ:; ;);0 tgne lip of the ice-cliff of 1911, suparlm-
3. _':gop:e c;;ossbiﬁzt‘:’ones gzgross ridge of left lateral morame,
4__;{:;:1%}1 @;gnghstih?]zi:ﬂg 1190;31,1‘6"6] Block as seen from the
5.~—Shape of ice-cliff, June 1911.

6.—Section across the Poting glacier, 7th June 1911.
7.—Longitudinal section of Poting glacier from f
oL . g m foot of cascads,

8.—Rough longltudln&l section from Bugdiar to the glamer snout.
9.—Types of crevassing,
10.—Trough fault in the ice.

11.—Sketch showing bearings of certsin prominent features from
point where the valley commences to open out at the 2nd
mile from Bugdiar.

12.—Retardation of the ice in left lateral moraine.

13.—Diagram showing the exact position of K, the cairn of 1911.

16.—Sketch illustrating formation of an suxiliary ice-cliff.

15.—Diagram showing the features of the Cherkani glacier
valley.

14.—DPoting ice-fall from 888, 7th June 1911.

17.—Snout of Poting glacier from ® and €/, Tth June 1911,
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Fig. 2— HORIZONTAL TRACE OF THE LIP OF THE ICE-OLIFF OF 19il.
Superimposed on that of 1906,
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Fig. 11.— SKETOH SHOWING BEARINGS OF GERTAIN PROMINENT FEATURES FROM POINT

WHERE THE VALLEY OOMMENOES TO OPEN OUT.
at 2nd. mile from Bugdiar.
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.

. MISCELLANEOUS NOTES.

Notes, recorded in August 1911, on Some of the Lakes of Ladakh,

* (1) Sailt Lake. Longitude 78°, latitude 33° 20.

Approaching from the direction of Debring I passed round the
east side of the lake. Tried at several points to launch my boat,
but nowhere was there a depth of more than six inches to a foot
of water, beneath which is soft black mud. Waded into the middle
of the lake: Drew ! heard of a depth of 30 feet at the eastern end,
but the old ¢ kardar ’ of Rukshu, who remembers Drew, says the lake
has always been at its present level. Round the edges of the lake
is a grassy swamp in which springs of fresh water are found.
There was one near my camp at Knangur, the water of which had
a rather unpleasant mineral taste.

The salt is collected this year by a contractor. I questioned his
servant as to the depth of the lake. He said it was the same
depth throughout.

(2) Fresh water lake. Longitude 78° 5, latitude 33° 15'.

Found a depth of 10 feet in the middle. The bottom is full of
weed. Water flows into the Salt Lake. Bay leading towards the
Salt Lake is very shallow. The marginal marks are very distinct.

. I had no means of measuring their height.

(3) Tso Kyagar. Longitude 78° 25, latitude 33° 5'.

Camped at the south end of the lake. Drew ? assumes that this
lake was once part of the same valley as the Tso Moriri. It ap-
peared to me that the original exit of the*Tso Kyagar must have
been at the north-east corner where a flat of sand and gravel ex-
tends for about two miles to a gorge, which in its turn opens into
the stream marked on the survey map as Chuldi, which flows into
the Indus, I was unable to visit the spot, but witha telescope from
my camp saw what looked very like an old moraine blocking the
gorge from Tso Kyagar.

In view of Drew’s description of the lake and his being unable
to account' for the confinement of its waters, the point would he
worth investigation by a future visitor.

Y The Jummoo and Kaskmir Territories, p. 209.
* Idem, p. 300.
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I took the following soundings on a line through the middle of the

lake from north to south :—

Feot.
50 yards from north shore . . . . . . 4}
100 do. do. . . . . . . . 8%
200 do. do. . . . . . . . 14
} mile from do. . . . . . . . 184
One-third of the way across . . . . . . 15
Half-way do. . . . . . . 35
Two-thirds of the way do. . . . . . 45
4 mile from south shore . . . . . . . 61
i do. do., . . . . . . . . 68
iOO yards from  do. . . . . . . . . 69
150 do. do. . . . . . . . . 61
100 do. do. . . . . . . . . 36
50 do. do. . . . . . . 25
20 do. do. . . . . . . IS
10 do. do. . . 8

The length of the lake is about two mlles. If my theory of the

formatxon of the lake be correct I am unable to account for the deep
hollow at the south end.

There is a fresh water spring near the water’s edge at the south
end of the lake and several others round the lake. The water of
the lake is slightly brackish and blue in colour. Some salts " are
deposited on the western shore.

(4) Tso Moriri. Latitude 32° 45’ to 33°, longitude 78° 25,
Took the following soundings :—
(@) From Karzok due east to Lapgo :—

Feot.
50 yards from Karzok shore . . . . . . b8
} mile from do. . . . . . . . 151
1 do. do. . . . . . . I
1 do. do. . . . . . . . 193
14 miles from do. . . . (middle of lake 240 ) approxi-
2" do. do. . . . . . . ) . 240} u}:l.l;;o
1 mile from east shore . . . . . . . 163
i do. do. . . . . . . . los
1 do. do. . . . . . . . 66
200 yards from do. . . . . . . . 18
100 do. do. . . . . . . . 1o
(b) From shore in middle of Umlung Bay to cape at south-west
corner of Umlung Bay :— .
100 yards from shore . . . . . . . . PeeZ%
200 do. do. . . . . . . . . 36
Middle . . . . . . . . . 130
300 yards from ca.pe . . . . . . . . 210
100 do. do. . o <132

.
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(¢) In the bay between two promontories on the east shore~

Feot.
30 yards from north side . . . . . . . 33
Half-way across . . . . . . . . 1567
100 yards from south side . . . 253

The island upon which Drew landed and Whlch he describes as being
of gneiss and rising nine or ten feet above the water, is now com-
pletely submerged, showing that the waters of the lake have risen at
least 9 or 10 feet 'since Drew’s visit.! I could not make out from
the peoples’ description whether the island had disappeared grad-
ually or in the last few years only. It would appear probable, how-
ever, from the analogy of the island in the Pangong Lake, that the
rise of’ the .water has been considerable in the last two years.
I should be inclined to putit down to excessive snowfall rather than
to decrease in evaporation, Marginal marks did not seem to be more
than 15 feet above the present level of the lake, but I had no _means
of measuring. Drew gives them as 40 feet.?

It will be noted that some of my soundings differ from those of
Drew. It is unlikely that we steered the same course in collap-
sible boats.

The water of the lake is adeep bluein colour and slightlv brack-
ish. In one place I saw a small fish near the surface which my
TLadakhi companion recognised as what thev call in Ladak ‘ senrrya.”’
(5) Pangong Lake. Longitude 78° 30’ to 79°, latitude 33° 40’ to 34°.
I took the following soundings :—

(2) Merak promontory to promontory opposite—

-,
Feet.

100 yards from south shore . . . . . . . 90

$ mile from da. . . . . . . . 112

1 do. do. S V'Y
Half-way across (} mile) . . . . . . . 150

1 mile from north shore . . . . . . . 150

} do. do. . . . . . . . . 162
200 yards from do. . . . . . , . . 120

50 do. do. . . . . . . 112

(b) Mun to promontory opposlte—-

Foet.

100 yards from south shore . . . . . . . a3

} mile from do. . . . . . . . 108

% do. do. . . . . . . . 114
Half-way across . . . . . . . . 156

3 mile from north shore . . . . . . . 174
do. do. . . . . . . . 174

200 yards from  do. . . . . . . . 174

650 do. do. .« e . . . . . 80

! The Jummoo and Kashmsr Territories, p. 306
3 Idem, p. 305.
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(c) North-east corner of lake to Yaktil i—

Fuet.
50 yards from north shore . . . .o . . 84
100 do. do. . . . . . . . 108
1 mile from do. . . . . . . . 132
3 do. do. . . . . . . . 78
3 do. do. . . . . . 132
One mile from north shore (} mile fruin routh shoro) . . 126
200 yards from south shore . . . . . . . 66
100 do. do. . . . . . . . 66
50 do. do. . . . . . . . 30

The bay opposite Merak contains a succession of beaches extending
up to about 50 feet above the lake. Belowis shingle; above it a
hard conglomerate cliff about 4 feet high, then shelving shingle,
then a cliff of travertine about 8 feet high, then shingle, then
conglomerate, then shingle again, and above all a green shale.’

Riding from Merak to Mun I saw the marks mentioned by Drew
in the footnote to page 324 of his book. They are indistinct and
not continuous. From Mun I searched the hillside with a Zeiss
glass and could not make out the marks. I think what one
sees from the promontories south-east of Mun are not marginal
marks, but accidents of denudation give the impression of marginal
marks.

On the north side in the bay opposite Mun are beaches of tra-
vertine on which lie flattish stones, some of which are 2 to 3 feet
in diameter. Similar stones cover the floor of the lake round the edges.

The rock opposite Yaktil at the north-west end of the lake is
now invisible or rather from the north shore I could just make out
the tip of it with my field glasses. I landed on this rock in 1909
and it stood 5 or 6 feet out of the water then. The lake must
therefore have risen to that extent since 1909, which fact may,
I think, be ascribed to the heavy snowfall of the last two and
particularly of last winter. The colour of the Pangong water is
a deep blue and it is distinctly salt to the taste.

Drew and others have suggested that Pangong Lake, as well as
the Salt Lake and Tsomoriri, have been formed by the alluvial fans
from side valleys crossing the main valley and forminga dam.!

I do not feel competent to pass an opinion on the evidences of
glaciation observed and described by Ellsworth Huntington? from

1 Both R. D."Oldham and Ellsworth Huntington diseent from this view.—Ep
¥ Journal of Geology, Vol. XIV, (1006), page 606,

[B]
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which he deduces that the exit from the Pangong valley is closed
by a rock lip. It does, however, seem possible that he under-
estimated the carrying power of what he calls the small tributaries.
Some of these, although comparatively dry for the greater part of
the year, may be considerable streams at the time of the melting
of the snows. And even then a false idea of their energy may be
obtained unless they are seen at a certain time of day.ﬂ I have
seen an insignificant stream suddenly become an impassable torrent
go late in the dav as 6 p.m.

_ It is 'then possible that a tribatary may be at its greatest acti-
vity at times when the main stream is not. At such times it may
be flowing with greater velocity than the main stream and may
form accumulations which the main strcam cannot carry away.

This process may be seen in other parts of Pangong and Rukshu,
a country where there is excessive denudation of the surface and
strong freshets in the spring while the snows are melting. Marching
from Chushal to the Pangong Lake a huge fan with a radius of
some three miles is crossed. It comes from the high. range north-
west of the Pangong Lake and has pushed its way almost across
the Chushal valley, the Chushal stream finding its way in a narrow
channfal between the circumference of the fan and some low cliffs
opposite. It looks as though at no very distant date the main
stream from Chushal will be blocked by the fan of this tributary and
a lake formed 25 miles long, extending back to the Tsaka La.
Ip the exit valley of the Pangong Lake there are at the present.
time two small lakes and seversl marshy flats formed by the
partial choking of the main valley by deposits accumulated by
tributaries.

With deference and without either wishing or being able to tra-
verse Ellsworth Huntington’s theory of the formation of the lake,
I advance my opinion for what it is worth, that the blocking of the
exit stream by the fan of its tributary, though perhaps unlikely,
was not impossible.

(6) Orarucha T'so. Longitude 78° 30', latitude 34° 15, near junction
of Changchenmo and Shayok rivers.

The main lake is about % of a mile long by 300 yards wide.
Two smaller lakes lie in continuation of the main lake to a dis-
tance of about } of a mile further down the valley. At the bottom
of the. lowest one the dam becomes apparent. It is moraine stuff
consisting of large blocks of granite brought down from the glacier..
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.crowned hill on the west of the valley. The lakes were originally
one, & subsequent transport of rocks by a small glacier on tl}e west
having divided the two smaller lakes, and a fan, the main lake
from the other two. Water, however, flows fr.0m one to the otl.1er
in each case. There is, as well as I could judge, no percolation
: h the dam. .
t"hr?ll‘lhge water is fresh and its colour is dark green. The elevation
.of this lake is not more than 1,000 feet ‘below the Togar Pass,
the height of which cannot, I think, be below 18,000 feet.

(7) Tsultak. Longitude 78°, latitude 34° 5’

A bow-shaped lake on the east side of the Chong La. Greatest
length about 350 yards and greatest breadth about 100 yards ;golour
of water is deep green. The lake has been formed by the meeting of
two moraines from opposite sides of the valley. The overflow now
\drains out between the two moraines. Greatest depth 17 feet.

[D. G. Ouiver, Captain,
Assistant to Resident in Kashmir
for Leh, Ladakh.]
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I.—INTRODUCTION.

HE method of classification adopted in the first Review of
Mineral Production published in these Records (Vol. XXXII),
although admittedly not entirely satisfactory, is still the best that
can be devised under present circumstances. The methods of col-
lecting the returns are becoming more precise every year and ‘the

B
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machinery employed for the purpose more efficient. Hence the
number of minerals in:luded in Class I—for which approximately
trustworthy annual returns are available—is gradually increasing,
and it is hoped that before long the minerals of Class II—for which
regularly recurring and full particulars cannot be procured—will
be reduced to a very small number. In the case of minerals, such
as tin-ore, still exploited chiefly under primitive native methods
and thus forming the basis of an industry curried on by a large
number of persons each working independently and on a very small
scale, the collection of reliable statistics is impossible, but the total
error from year to year is not improbably approximately constant
and the figures obtained may be acepted as a fairly reliable index
to the general trend of the industry. In the case of gold, the small
native alluvial industry contributes such an insignificant portion to
the total outturn that any error from this source may be regarded
as negligible. :
The annexed table (Table 1) shows the values of the chief mine-
rals produced in 1911 as compared with the
durt?;:l value of pro.  Lotyes for 1910. In the year 1909 there was
' a fall, for the first time since 1898, in the total
value. This fall, which amounted to 4'6 per cent, was, however,
converted into a small rise in 1910, which, however, has again
given place to an insi-nificant fall of about § per cent in the year
under review. The fall was due, in the last instance, to the greatly
reduced production of manganese-ore and salt. At the same time,
jade, graphite and saltpetre also show reduced production.

TaBLE 1.~-Total value of Minerals for which Returns of Production arc
available for the years 1910 and 1911.

i
1910 1911 Increase. | Decrease. | ¥ oriation
- ' : nerease. " | per cent.
£ £ £ £
Coal . . . . 2,455,544 2,502,616 47,072 ’ 4+ 19
Gold . . . .| 222486 2238143 | 35,657 + 182
Petroleum . . . 835,927 884,398 48,471 .. + 58
Manganese-ore (@) . 849,455 648,701 . 200,764 | — 236
Salt (b) . . . 565,078 469,235 .. 95,843 — 17
(e} Value§. 0. b. at Indian ports. (b) Pricos without duty.
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TaBLE 1.—Total value of Minerals for which Returns of Production are
avadable for the years 1910 and 1911—contd.

; | |
—_— 1910. 1911, ’ TIncrease. ‘ Deerease., | Variation
| ‘1 | per cent.
|
I —— A | IS
. ! |
£ £ ‘ £ £ f'
Saltpotro . . 223,762 220,012! . 3,750 i — 17
Mica (@) . . . 177,152 188,642 11,490 I
Lead-ore and lead 163,022 181,089 | 18,967 ! 116
Tungsten-ore . 38,873 99,989 61,110} L
Ruby, sapphirc and 58,849 67,594 8,745 L 15
spincl. \' P
Tron-ore () . . 9,811 44,487 34,676 1 .. ' 1 4334
Jadestono . . . 64,747 41,660 oo | 23087 — 357
Tin-ore and tin . . 18,578 24,931 ! 6,353 | .. ‘ 342
Silver. . . 4,968 11,575 i 6,607 | . I+ 133
Gmphl.tc . . . 20,479 5),425‘ | 11,054, — 54
Chromite . . .| 2,315 50721 2,757 . 1119
Alum . 2,869 2,792 | : \ M — a2
Gamet . . . 1,842 1,845 | 3 L
Corundum . . . 323 1,660 1,337 ‘ - L4 414
Magnesito . . . 1,382 1,047 . ‘ 335 | — 24-2
Diamond . . . 590 178 | Uz | — 19
Amber . . . 283 133 . 150 — 53
Miscellancous . . 604 837 | 233 . .1 4+ 386
i |
! ! ’ 1 “
Total .| 7,698,939 | 7,657,261 . 203484 335162 | —. 54
’ B _JJ
| J —£41,678
i

(a) Export values.
(b) For provinces other than Bengal, values estimated approximately.

A considerable number of minerals, however, show a steady
rise, the chief of these being coal, gold, petroleum and wolfram.
The state of the industry in the first three may be safely regarded
a8 an indication of prosperity in the mineral industry generally,
and the fall in the total value for 1911 must be attributed, not to
any general industtial depression, but to the exaggerated cffects of
the curtailment of output of a single mineral, vz, manganese. The
minerals showing the most marked increase in value of production
are iron, wolfram, lead, tin, silver, chromite and rubies, the increase
varying from 10 to over 450 per cent.

n9
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There was & considerable increise im the number of mme.ral
concessions granted during the year, 775 ha\.nng
Migeral - concestions  hoor, oranted as against 635 in the previous
granted. year. The increase is due chiefly to the large
number of licenses and leases taken out in Burma, 306 prospoctin.g
licenses having been granted as against 156 in the year 1919. This
is due to the rush for wolfram in the Tenasserim province of
Lower Burma. In the Central Provinces, alsP, a large numl?er of
new licenses were taken out, although not quite so many as in the
preceding year. Most of the licenses and leases taken'out in that
province were for manganese. The number_of. concessions grant}cd
in other parts of India was comparatively insignificant, amounting
only to a little over 121 per cent of the total, tl.le remainder
being divided between Burma and the Central Provinces in the
ratio of about 53 :35 per cent. By far the greater proportion of
the concessions granted, wviz., over 76 per cent represents prospect-
ing licenses, and it is a notable fact that, although the outturn
of wolfram in Mergui and Tavoy during t}xe year was over 1,300
tons, not a single mining lease for this mineral had been granted
in either of those districts up to the end of 1911.

IL—MINERALS OF GROUP I.

Chromite. Graphite. Magnesite. Ruby, Sapphire and Spinel.
Coal. Iron-ore. Manganese-ore. Salt.
Diamonds. Jadeite. Mica. Saltpetre.
Gold. Lead-ore. Petroleum Tin-ore.
Tungsten-ore.
Chromite.

There has been a marked improvement in th? output of chro-
mite from Baluchistan during the year %lnder review. In 1907 thci
ihdustry reached its highest point, and in the following year there
was a rapid decline of nearly 50 per cent. in the outturn.' There
was & small but only temporary recovery in 1909, and in 1910
there was a very rapid fall of 81 per cent., due not or%ly to t:,he
complete extinction of the industry in Mysore, but to its decline
also in Baluchistan.  In 1911 there was still no output from.Mysore,
but that of Baluchistan rose by 119 per cent in quantity.

"

(4]
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TaBLe 2.—Quantity and Value of Chromite produced in India during
1910 and 1911.

) 1910. 1911.

Province. [ ;

Quantity. | Value, Quantity. ‘ Valuo,
Tons. £ Tons, £

| 2
Baluchistan . . . . L7137 | 2,315 3,804 1 5,072
Mysore . . . L Nl .. ’

L e
Total . 1737 2.315 \ 3.804 5072
Coal.

The small improvement in the output of coal noted in last
year’s Report has been well maintained during
the period under review, the output having
risen from 12,047,413 tons in 1910 to 12,715,534 tons last year—-
& figure very much higher than that reached in any year except 1908,
Concurrently with the increased output there has been a general
fall in pit’s mouth value in most of the provinces. The only exceptions
to this are: Assam, whare pit’s mouth value rose by one pie per
ton; Central India, where the rise was nearly six annas; Balu-
chistan and the Central Provinces. In Bengal the pit’s mouth value
fell to Rs. 2-11-4 per ton.

Total production.

TaBLE 3.—Origin of Indian Coal raised during 1910 and 19117,

Average of
— last five 1910. 1911,
years.

e Tons. Tons. Tons,
From Gondwang coal.fields . s . 11,108,197 11,635,640F| 12,320,458
From Tertiary coal-field- . . 415,343 411,873 386,076

T ———————

Totes . e 12,047,413 12,715 534
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TABLE 4.—d verage price (per ton) of Coal extracted from the mines in each
Province during the year 1911.

T
I

Province, Average price per ton.

—
-~
x
-
-

Assam

Bengal . .
Rajputana (Bikanir)
Central India
Punjab

Baluchistan

Central Provinces
Nizam’s Territory
Others

IO s

—_

ST oo —te
-

S e o - ow mn -

(1]
(1]

= e

In spite of the increased outturn, there was a distinet fall,
amounting to 14 per cent in the quantity of
coal exported, the amount consumed in India
being nearly 8,000 tons more than last year, of which increase
the Railways were responsible for a little over 53 per cent, the
total amount of Indian coal used by them having been 4,223,020
tons. The actual reduction in exports of coal was 125,766 tons,
of which Australia was responsible for the greater part, that colony
having taken over 89,000 tons in 1910 and aot quite 8,000 tons in
1911,

Consumption and export.

TaBLE 5.—Ezports of Indian Coal.

1010, 1911,

|
b
|
|
|
!

Tons, Tons,

Aden 7,383 11,647
Ceylon . . 621,586 493,511
Straits Settlements . i 235,888 224,704
Sumatra . . . . . . . o 100,211 109,319
Other Countries . . . . . . l 121,470 21,497

Total . 986,554 860,788
Coko . . . ... 1,812 1,380

Total of Coal and Coke . . ‘ 988,366 - 862,177
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There was a slight rise in imports, which amounted, including
Government stores (patent fuel and coke), to
340,106 tons. Of this increase Australia claims
nearly 8,000 tons, but the imports from that colony still amounted
only to 357 thousand as against 54'8 thousand in 1909.

Imports.

TABLE 6.—Imports of Coal, Coke and Patent Fuel during 1910 and 1911.

’ o .
I l 1910. ' 1911,
o o . R e
i Tons. ‘ Tons,
From Australia (including New Zealand) ! 28,040 35,703
,» Natal . . . . . . . 18,224 15,086
» United Kingdom . . . . o 244,215 232,865
,»» Other countrics . . . . . 8,480 22,356
. 5
Tolal . 298,959 306,010
Coke . . . . . . . . 7,977 7,661
Patent fuel . . . . . . . 9,060 4,098
Government stores . . . . . . 16,625 ' 21,437
|
C o A |
Total . © 332,621 B ] 340,106

Practically the whole increase in production during 1911 is at-
tributable to the Bengal fields, which increased
their outturn by nearly 700,000 tons. At the
same time the Central Indian output increased by 13,000 tons
and that of the Palana Colliery in Bikanir by 2,000 tons.
All the other fields show a decrease in production, the most
marked being those of the Punjab, the outturn of which declined
by over 18,000 tens, representing a fall of almost 38 per cent.
This was due to the final abandonment by the North-Western Railway
Company of their Dandot Colliery in June of last year and to the
employment by them of Bengal instead of Punjab coal for locomotive
purposes. The colliery, however, has not been closed down, but
is being worked with some vigour by Messrs. Thakur Dag, Ram;ji
Das, who find a ready sale for their coal to brick and lime-burners.

Provinclal production.
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TasLe 7.—Provincial Production of Coal during the years 1910 and 1911.

Province. 1910. 1911. Increase. Decrease.
Tons. Tons. Tons, Tons.

Baluchistan . . . 52,614 45,707 6,907
Bengal . . . . | 10,778,630 | 11,468,904 690,374
Central India . . . 130,400 143,668 13,158

entral Provinces . . :220,437 211,616 .. 8,821

Eastern Bengal and Assam . 297,236 204,803 .. 2,343

Hyderabad] . . . 506,173 505,380 . 793
North-\\'es§ Frontier Province 90 140 50

Punjab = . . . 49,189 30,575 . 18,614
Rajputana (Bikanir) . . 12,744 14,761 2,017

" Total . 12,047,413 12,715,534 705,599 37478

The Gondwana fields claim almost 97 per cent of the total out-
Gondwans ‘m] o5 put for the year. These fields have increased
their output by a little under 6 per cent over
the figures for 1910. Most of this increase is due to the Jherria
field, the production of which rose by nearly 600,000 tons, whilst
that of the Ranigan] field increased by nearly 100,000 tons. The
Jherria field is now responsible for more than half of the Indian
output of coal, whilst Jherria and Raniganj together are account-
able for over 80 per cent of the total output. In 1910 mining
was begun in the Hingir-Rampur (Sambalpur) field, but only 830
tons were produced. The outturn, however, has now risen to over
5,007 tons. Of the other Gondwana fields Pench Valley, Daltongan]
and Ramgarh-Bokaro show decreased outturns. The last-named
field, Lowever, like that of Hingir-Rampur, is in an early stage of
exploitation, and the variation of a few hundred tons in its small
outturn has no significance. Increases took place in the outputs
of the Giridih, Umaria, Mohpani and Bellarpur fields, whilst the
outturn of Singareni was practically unchanged.
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TaBLE 8.—Output of Gondwana Coal-fields for the years 1910 and 1911.

1
|

% 1910. ! 1011.
X o -
Coal-fields. : Per cent. of - © Per cent. of
; Tons. Indian Tons. Indian
i Total. Total.
Bengal— ’
|
Daltonganj . . . 84,996 70 70,662 55
Giridih . . . L 479,304 5G4 704,443 554
Jherrin . . . . ! 5,794,616 4810 6,373,728 |- 50°13
Rajmahal . . .. 2,788 1,978
} 05 i 02
Ramgarh-Bokaro . 3,390 4068 \
Raniganj . . . 4,212,606 4,311,956 i
: 3498 3395
Sambalpur (Hingir-Ram- 830 5,669
pur).
Central India—
Umaria . . . 130,400 108 143,558 1-13
Ceniral Provinces—
| Bellarpur . . . 93,276 77 96,603 76
Pench Valley . . . 87,677 73 63,030 50
Mohpani . . . 39,484 -33 51,983 41
Hyderabad—
Singareni . . . 506,173 4-20 505,380 397
Total . 11,635,540 96-58 12,329,458 9696

With the single exception of the Palana Colliery in Bikanir,
the output of which rose by about 15 per
cent, from 12,744 tons to 14,761 tons, all the
Tertiary fields show decreased outputs during the year under re-
view. As already pointed out, the most marked fall took place in
the Punjab, where the output of the fields in the Jhelum district,
that is to say, chiefly the Dandot Colliery, fell from over 46,000

Tertiary filelds.
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tons to a little under 27,000. There was also an insignificant de-
crease in the outturn®of the Margherita Collieries in Assam and of
the Khost Colhery in Baluchistan, whilst the superﬁcml and spora-
dic workings in the Sor Range of the latter province reduced their
output by about 66 per cent, their total production being a little
over 3,000 tons.

TaBLe 9.—Qutput of Tertiary Coal-fields for the years 1910 and 1911.

1910. 1911,
Coal fiolds. | Por cont | Per cent
Tons. i of Indian Tons, | u'l"lmlinu
! Total. ‘ Total.
Baluchistan— |
Khost .. . . 43,428 1 36 42,410 33
Sor Range, Mach, etc. . 9,186 ‘ 08 3,207 03
Eastern Bengal and Assam— 1
Mskum . . . 297,236 247 | 204809 | 232
North-West Frontier Province— ]'
Hazara . . . . 90 i 140 ;
Punjab (Salt Range)— | |
Jhelum District . . 46,665 41 26,082 1 24
Misnwsli . . . 1,884 2,622 |
-Shahpur . . . 650 ' 1,071
Rajputana—
Bikanir . . . 12,744 ‘10 14,761 r ‘12
|
Totl . ey v2| s 3u

In spite of the large increase in production of coal over the
prevmus year, there was practically no change
in the amount of labour employed, the in-
crease in the number of persons employed daily being only T74.
This means & still further increase in efficiency ; and whereas in

Labeur.
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he year 1910 the amount of coal raised per person employed, was
1037 tons as against 993 in the previous year, the figure for
the year under review is 10947 tons for the whole of India,
whilst for the Bengal fields it is 114-7. There is thus a very
marked and steady increase of efficiency. The increase, however,
is attributable chiefly to Bengal, although in Central India there
has been a marked rise in output per person employed from 933
tons in 1910 to 1004 in the year under review. Singareni also
shows increased efficiency, the corresponding figures being 6429 in
1911 as against 56:05 in 1910. In the Bengal fields the output
per person employed below ground has risen from 171'9 tons in
1910 to 177:6 in the year under review. The corresponding figure
for 1908 was only 1535 tons, and there has thus, in the course
of 4 years, been an increase of outturn per person employed of 24
tons. This furnishes a very stukmg evidence of the increase of .
efficiency in the methods employed 1n Bengal.

TaBLE 10.—Average number of persons employed daily in the Indian
Coalfields during 1910 and 1911,

Output .{ Nuraber '| Death-rate
Number of persons em- | per por- | of deaths | per 1,000
ployed daily. son em- by ac- persons
ployed. cidents. employed.
e \
1910. 1911. 1911. 1911. 1811,
; ‘[ons.
Baluchistan . 1,073 ¢ 932 49-04 7 7-51
Bengal . . . 98,281 99,083 114-70 118 118
Central India . . 1,308 1,430 100-39 2 1:39
Central Provinces . 2,419 | 2,292 9232 4 1-74
Esstern Bengal and 1,925 ‘ 1,965 150-07 13 6-61
Assam |
Hyderabad . 9,031 ! 7,860 64-29 23 292
North-West Frontier 5 5 28 . ..
Provinco. " '
Punjab . . 1,782 | 1,505 2031 8 398
Rajputana . . . 167 183 80-68 2 .
Total . 116,080 . 116,155 . 175 .
Average . . . . 5 .. 109-47 .. l 15
! |
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Diamonds.

Diamonds, again, show a decline in output, amounting to nearly
32 per cent in quantity and 19 per cent in value. This is due
to a further decline in the outturn from Madras, which has fallen
from over 111 carats in 1909 to a little under 9 in the year under
review.

TaBLE 11.—Quantity and Value of Diamonds produced in India dun'ng'

1910 and 1911.

Part 3.] Hayprn: Mineral Production, 1911.
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TaBLe 12.—Quantity and Value of Gold produced in India during 1910

and 1911.
' A
. vorage
1910. 1911. number
of persons
Quantity. Value. | Quantity. Value. omd}:i?;ed
Ounces. £ Ounces. £
Bombay—
Dharwar 737 2,590 1 2,093) 10,449 264
Burma— '
Myitkyina . . 5,972-24 22,930 ,  6,390-38 24,269 178 (a)
Katha and Pakokku. 24-71 119 22-28 110 4 ()
Hyderabad 15,762-24 59,394 13,7264 52,070 1,340
Mysore 547,746 | 2,105,944 © 555,011 2,129,873 | Not ve-
ported.
Madras 2,532 10,120 5,284 20,835 | 1,110
Puniab . 106 432 134-62 518 245
United Provinces. 375 13 55 19 20
Total §72,883-94 | 2,201,542 58356718 | 2,238,143 3,161

1910. 1911.
Quantity. Value. Quantity. Valuo.
Carats. £ Carata. £
Central India 62-24 577 4421 475
Madras . 165 13 875 3
Total . 774 590 52:96 478
Gold.

The output of gold increased by 10,447 ounces representing a
rise of 1-62 per cent on the output of the previous year. Most of
this increase i8 due to the Mysore fields, the output of which
improved by over 7,000 ozs. At the same time the new Anantapur
field in Madras more than doubled its output, having produced over
5,000 ozs. as against 2,500 ozs. in the previous year. The pro-
duction shown against Myitkyina represents chiefly the gold won by
the dredging operations being carried on by the Burma Dredg-
ing Company. It also includes nearly 38 oz. of platinum, which
metal, although previously known to occur in Burma, had not
hitherto been found in any appreciable quantity.

(2) Inclusive of the figures for platinum.
(b) Exclusive of the figures for Katha which are not available.

Graphite.

There was a slight rise in the output of graphite during the
year, viz., from 3,992 tons in 1910 to a little over 4,047-5 last year.
Almost the whole of this came from Travancore, only 54 tons
having been obtained in Vizagapatam. In spite of the increase of
the output, however, the value of the graphite produced fell from
£20,479 to £9,425. This, however, cannot be regarded as any parti-
cular indication of the prosperity or otherwise of the industry, the
whole of which .is practically a monopoly under the Travancore
State. Prices obtained, therefore, depend on exceptional factors.
The value of the outturn for the year under review has been re-
turned at between £2 and £3 per ton—a figure, which, in view of
the ordinary market rates as well as the quality of the Travan
core mineral, would appear to bea good deal too low,
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‘ Iron-ore.

The effect of the operations of the Tata Iron and Steel Company
has now begun to show, and the total output of iron-ore during the
year under review, leapt up from 54,626 tons in 1910 to 366,180
tons, that is to say, 4534 per cent. Of this increase a certain
proportion was also due to the iron-ore won in Sipghbhum by the
Bengal Iron and Steel Company. Also an appreciable share is to
be attributed to Burma, where the output increased from between
7,000 and 8,000 tons to nearly 21,000. In the returns for the
present and future years iron-ore will no doubt take a still more
prominent position.

TABLE 13.—Production of Iron-ore during the years 1910 and 1911.

1910. 1911,
Production. Value. Production. Value.
Tons. £ Tons. £
Bengg e wan . .. 24,387 3,655 5,456 780
Manbhum
Orissa 300,000 40,000((1,)
Singhbhum . . . 17,646 2,703 | :;«;,27(;’ 7,162
Other districts . . 620 260 Gl 247
I
Bombay . . . . 1 o 1 i
Burma . . . . 7,480 1,995 20,905 5,609
Central Indiu . . . 268 72 5685 : 156
|
Central Provinces . 3,637 970 1,044 470
Hyderabad . . . . 485 129 223 59
| 4
Madras . . . . . . .. o
Rajputana . . . . 64 17 . 6? 18
United Provinces . 38 10 22 8
Total 54,626 9,811 366,150 54,487

(a) Figures kindly furnished by Tata Iron and Steel Company.
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Jadeite.

It has been pointed out in the previous Reviews that the re-
turns of production of jadeite are of no value in estimating the
state of the industry, since the declared output is valued at a figure .
which is only a small fraction of the value of the amount
exported. Thus, in the year 1911, the exports were valued .at
£41,660, whereas the output is said to have been only 2,063 cwt.,
valued at £11,493. The total amount exported was only a little
higher than the declared production, being 2,113 cwt., the export
value being thus between £19 and £20 per cwt. and the pit’s mouth
value between £5 and £6 per cwt. Both pit’s mouth and export
values during the year under review were considerably lower than
the corresponding values for the previous year, the latter having
stood at £23 for export and £6-15-0 for spot values.

Lead-ore.

There was a further increase in the quantity of lead-ore turned
out in Burma during the year 1911, the value of production of
lead having risen from £163,000 to nearly £183,000, whilst the
value of the silver produced was almost trebled. Practically the
whole output was derived from the mines at Bawdwin, where the
silver-lead slags are still being worked, but are also being supple-
mented by & certain amount of ore. Outside Burma only 2} tons
of lead-ore were obtained, wiz., in Drug in the Central Provinces
and in Karnul in Madras,

‘TABLE 14.—Production of Silver-lead ore in Burma during 1910 and 1911.

1910, 1911,
Quantity. Value. Quantity. Value.
_ ‘ [ -
Lead-ore Lead-ore |  Silver. Lead-ore Lead-ore Silver.
and slag. and lead. and slag. and lead.
. Tons. £ £ Tons, £ £
Mandalay . . 28 | Not known. .. .. .
Toungoo . . | 500 1,000 .. 140 587 ..
(Ore) (Ore)
Northern  Shan 97 2,461 538 3,218 2,169 2,642
Btates. (S1ag) (Slag)
20583 | 159,081 (a) 4,430 (d) 81,084 | 179,102 (o) 8,033 (d)
Southern Shan 180 480 .. 49 181 .
States, )
Total . 321 163,022 4,968 38,361 181,989 11,676

(a) Valuc of 12,404 tons of lead extracted.

¢ () Value of 44,300 ounces of silver extracted.
(c) _Value of 12,708 tons ot lead extracted.
d) _Value of 80,145 oz, of silver extracted,
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Magnesite.

There was a slight fall in the outturn of magnesite during the
year, the total output being 3,490 tons as against 5,182 tons in
the previous year. Corresponding with this, there was a fall in
value from £1,382 to £1,047.

Manganese=-ore.

This group of minerals shows the most serious falling off of
any during the year under review, the production having fallen by
over 16 per cent in quantity and 23} per cent in value. It
has already been pointed out in previous reviews that the least
unsatisfactory method of determining the value of the manganese-
ore industry of India is by representing the annual production in
terms of the value of the ore f. o. b. at Indian ports. Owing,
therefore, to the fluctuations in the price of ore, the value of the
outturn in any one year, as shown in this review, may be consider-
ably higher or considerably lower than a similar outturn in another
year. As no manganese-ore has hitherto been consumed in India,
the whole output has been produced for purposes of export. Ac-
cording, therefore, to the fluctuations in the market, the amount
exported may or may not cover the whole amount produced.
When prices are low, the export of poor ores having a long lead
to the nearest sea-port becomes unprofitable. Stocks consequently
accumulate, and although the actual outturn from the mine during
any given year may have been considerable, the state of the in-
dustry may nevertheless at the same time have been depressed.
The figures given in table 15 should, therefore, be considered in
conjunction with the export figures for the corresponding period.
These amounted to 553,628 tons as against 586,577 tons in the
year 1910. Thus the total quantity exported amounted only to a
little less than 86 per cent. of the quantity produced. Thig de-
cline in the industry is due to the fall in the price of ore during
the year. During 1910, the average prices of first and second-
grade ores were 9-5d. and 9-3d. respectively, whereas the cor-
responding prices for the year 1911 were 9-34. and 9d., and this
fall in value has led to a curtailment not only of exports, but also

of output.
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TasLe 15.—Output of Manganese-ore for the years 1910 and 1911.

1910). 1911.
Value Value
Quantity. | £.2P 8% | Quantity, | F0 b ab
ports. ports.
Bengal— Tons. £ Tons. £
, ° Gangpur State 41,958 41,259 25,162 25,267

Bombay—

Panch Mahals 30,396 31,789 45,330 45,619

Ratnagiri 525 424
Central India—

Jhabua, . 12,664 11,239 7,319 6,068
Central Provinces—

Balaghat 161,987 182,235 144,642 147,053

Bhandara 159,164 179,059 119,606 121,600

Chhindwara . 19,556 22,000 1,540 1,566

Jubbulpore . . . 300 197

Nagpur 211,232 237,636 179,263 182,560
Madras—

Bellary . . . . 500 425

Sandur . 73,666 62,616 66,950 53,002

Vizagapatam . ! 46,441 39,475 58,915 46,641
Mysore . 42,518 41,101 21,673 19,595

Total . [ 800,907 849,155 670,290 648,701
T
Mica.

There has been an appreciable increase, amounting to nearly
50 per cent in the outturn of mica, 33,896 cwt. being returned
in the yesr under review as against 22,700 cwt. in the previous

¢
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year. As pointed out in previous reviews, however, the output
figures are undoubtedly incomplete, since in almost every year
the figures for export are considerably higher than those gi;ren for
outturn in the district returns. During the past year, 46,335
owt. were exported against 39,612 cwt. in 1910, the output as
returned for the year, amounting to only 73 per cent of the quan-
tity exported. The average number of labourers employed daily
in the industry during the year 1911 was 16,404, an increase of
over 16 per cent.

TABLE 16.—Production of Mica in 1910 and 1911.

A l 1910 1911

Cwt. Cwt.
Bengal . . . . . . . . 18,356'8 25,225
Madras . . \ 3,586 7,463
!
Mysore . . ;‘ 18
Rajputana . 757 1,181
Total . ! 22,699'5 33,89

Petroleum.

The figures for output of crude petroleum during the past
Production. year are in every way satisfactory and show

a marked increase on those for the year 1910,

They are, however, still behind those for 1909, in which year
the output of petroleum reached the highest figure that has hither-
to been attained, wiz., 233,678,087 gallons. In the year 1910
the production fell by 8 per cent but has now risen again by
5 per cent to 225,792,094 gallons, which is only some 8,000,000
gallons below the output for 1909. This rise was due chiefly to
the increased output of the Singu field, which rose by 60 .per
cent from 31,500,000 gallons to 50,500,000. At the same time,
there was a small decline of 8,500,000 gallons or a little under
1} per cent in the outturn of the Yenangyaung field. It is
probable, however, that the check which tpok place in the rate
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of production in that field in 1910 will have been only temporary
and that the output from the deeper sands now being exploited
will add largely to the production of the field. The new Minbu

‘field has not yet produced any appreciable quantity of oil,

although its production rose from 18,320 gallons in 1910 to 632,458
gallons in the year under review. There was also a small increase,
amounting to nearly 250,000 gallons, in the output of the Digboi
field in Assam.

TasLE 17.—Production of Petroleum during 1910 and 1911.

e 1910 1911
Gallons. Gallons.
Burma—
Akyab . . . . . . . 22,258 19,630
Kyaukphyu . . . . . . 33,544 | ¢ 36,970
Magwe (Yenangyaung) . . . . 174,967,298 166,494,319
Myingyan (Singa) . . . . . 31,624,175 80,564,765 -
Pakokku (Yenangyat) . . . . 4,042,308 4,476,074
Minbu . . . . .. 18,320 632,458
Thayetmyo . . . . . . Nil 1,318
Eastern Bengal and Assam—
Digboi . . . . . . . 3,320,680 3,865,167
Punjab . . . . . . . . 1,084 1,400
Total . 214,829,647 225,792,094

There was a still further increase in the export of paraffin wax,
which rose from 23,718 cwt. in 1910 to 24,679
cwt., valued at £366,337, in 1911.

Owing to the rate war and consequent fall in prices prevail-
Imports ing throughout the greater part of the year,
) the imports of foreign kerosene rose by over

30 per cent and amounted to over 75,000,000 gallons.

Exports. .

02
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"'aBLE 18.—Imports of Kerosene Oil during 1910 and I911.

_— ' 1910, 1011,
Callons. Gallonas.

Bornea 5,410,039 |, 11,400,224
Roumania
Russia 1,196,700 4,518,908
Straits Settlements . 5,882,901 879,307
Sumatra, . 5,730,580 1,009,070 .
United States of America . 30,117,664 55,602,821
Qther Countries 21,061 9,004

- ‘Total - - 51359908 | - 5,219,354

' The average daily number of labourers working in the various

Labour. fields during the year 1911 was 6,5686.

Ruby, Sapphire, and Spinel.

The output of the Burma ruby mines shows a agtisfactory
increase from 262,019 carats in 1910 to 288,213 caras, valued
at £67,594 during the year under review. This represents an in-
crease of 10 per cent in quantity and nearly 15 per cent in value.

The average number of persons employed daily in the industry
was 1,505,

Salt.”

There was a marked decline, amounting to over 14 per cent,
in the production of salt other than rock-salt during the year
under review, the outturn having fallen from 1556 million to 1-32
million tons. On the other hand, there was -a small increase,
amounting to 5,549 tons or 4 per cent, in the production of rock-
salt. At the same time, there was a very conmsidetable increase
in the amount of foreign salt imported. This rose from 496,165

‘tons in '1910 to 559,065 tons in 1911, representing an increase of
nearly 13 per cept. S
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TaBLE. 19.—Provincial Production of Salt for the years 1910 and
1911.

PRrOVINCE. 1910. 1911,

Tons. Tons.
Aden . . . . . . . . 67,347 100,392
Bengal . . . . . . . . 22 28
Bombay and Sind . . . . . 483,322 468,328
Burma . . . . . . . . 22,692 26,235
Gwalior State . . . . . . . v 52 37
Madras . . . . R . . . 464,607 414,521
Northern India . . . . . . 514,017 316,341

Kashmir . . . . . . . 16

Total . 1,662,975 1,325,882

TABLE 20.—Production of Rock-salt during 1910 and 1911.

Mines. ' 1910. 1911.
Tons. Tons.
Salt Range . . . . . . . 119,868 124,605
Kohat . . . .. . . . 17,008 17,585
Mandi State . . . . . . . 3,671 3,079
Total . 140,637 146,18 6
. Saltpetre.

Tn the year 1910 it was attempted for the first time to collect
from the various provinces statistics of the
outturn of saltpetre. Table 21 shows the
figures thus obtained for the years 1910 and 1911. From this
it will be seen that the production has fallen slightly, the decline,
however, being not quite 2 per cent.

Producticn.

14
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The total amount exported was 14,851 tons or 177 tons more
Exports. than the total production. In the previous

year,

tons in excess of the amount exported.
countries to which the exports were made.

however, the output was nearly 500

Table 22 shows the

TABLE 21.—Production of Saltpetre during 1910 and 1911.

North-West Frontier Provinee
Punjab . . . .
United Provinces of Agra and
Oudh.
Behar . . . .
Central India . . .
Rajputana . .

Total

1010, 111,
Quantity. Value. Quantity. Value.
Tons £ Tons £

22 481 12 .
3,481 55,034 2,848 51,589
5,225 72,087 5,616 91,868
6,772 92,009 5,818 73,847
23 176 3 166
363 2,985 360 2,782
15,886 223,762 Mo 220,012

TaBLE 22.—Distribution of Saltpetre exported during 1910 and

1911.
1910. 1911,
Quantity. Value. Quantity. Value.
Cwt. £ Cwt.
China . 88,300 73,433 85,602 ‘fo 970
Fance. . . . 3,325 2,548 2,006 1,715
United Kingdom . . 57,105 43,162 52,130 42,744
United States of America 79,879 58,222 12,842 55.381
Other Countries 79,353 53,256 84,648 59,990
Total 307,962 230,615 mn 230,809
Tin-ore.

The figures for the production of tin-ore must still be regarded

In the previous review the reasons fo!
this have been pointed out.

a8 somewhat unreliable.
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There was a considerable rise in the total production during
the year under review, the outturn of block
tin from Mergui having risen from 1,507 cwt.
to 1,764 cwt. valued at £15,543. On the other hand, the output
of tin-ore from Mergui fell to 1,141 cwt. This, however, was
compensated for by the production from the Southern Shan States,
the Southern Shan States Syndicate having now brought the Maw-
chi mine into working. The outturn from this area is stated to
be 802 cwt., but this includes a certain amount of wolfram.
From table 23 it will be seen that the increase in the value of
the output of tin and tin-ore during the year was £6,353, an
increase of over 34 per cent on the previous year. It is pror
bable that a very considerable increase will be noticed also in the
next review, since attention is now being turned to the great possi-
bilities of both Mergui and Tavoy as tin-producing districts and
scientific methods of work are being introduced. The pioneers
in this movement, Messrs. J. R. and H. W. Booth, of the Hindu
Chaung Mining and Dredging Co., have already set up a suction
dredge on the Hindu Chaung at about 40 miles to the east
of Tavoy town. The results of their prospecting are said to be
promising. The erection of this dredge represents the first attempt
to replace primitive methods by modern scientific machinery, and
the enterprise and energy displayed by Messrs. Booth will, it is to be
hoped, meet with the full meagure of success that they so thoroughly
deserve. It ig probable that before long their example will be fol-
lowed both in the Mergui Archipelago and in other parts of Tavoy.

TABLE 23.—Production of Tin-ore and T'in for the years 1910 and 1911.

1910. 1011,

Production,

BLOCK TIN. TIK-ORE. BLOCK TIN. TIN-ORE.

Quan- ' uan- Quan- | Quan+
tity. !Value. Qtity. Value. tity. Value. tity. Values

ow. | ¢ owt. | £ owt. | & owt. | s
Bengal— L
Hasarlbagh . .| .| .. 8 2| .. . ] 27
Burma— !
Mergut o . 1,607 < 10,935 1,767% 7,589 1,764 | 15,648 1,141 6,101
Southern 8han States . . . e . . 802 3,280
! (@) @)
Tavoy e .. [} 28 . e o
i

Tolal l l.l"i 10,93 | L6k | 7,643] LIS4 | 15543 1 M6 | 9,288

(a) Includes figures for wolfram.
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The imports of block tin in 1911 amounted to 35,001 cwt.
as against 38,687 cwt. in the previous year.
Almost the whole of this came from the
Straits Settlements.

Imports.

Tungsten-ore.

There] has been very marked activity during the past
year in the woliram industry in Tavey and
also to some extent in Mergui, some 66 pros-
pecting and exploring licenses having been taken out in these two
districts with a view to searching for wolfram, tin and associated
.ninerals. There has consequently been a very considerable in-
crease in the wolfram output, which rose from 395 tons in 1910
to 1,308 tons, valued at £99,989, in the year under review. Work
is being carried on at a large number of localities, chiefly in the
mountains to the east and north-east of Tavoy, where wolfram
occurs in fissure veins traversing the granite and associated argilla-
ceous rocks metamorphosed by it. In addition to a number
of Chinese and Burmese, working mostly on a comparatively small
scale, certain European companies, suchas the Rangoon Mining
Company, the Tavoy Concessions, the Burma-Malaya, etc., arc en-
gaged in opening up some of the larger deposits. Hitherto there
has been rather a tendency to a short-sighted policy in the methods
of development employed generally in Tavoy, more attention hav-
ing been paid to the immediate gein to be had from a large pre-
sent outturn than to the ultimate benefit to be derived from a
thorough knowledge of the extent and relationships of the ore-
bodies. Although not a single mining lease had been granted up
to the end of the year 1911, extensive mining operations were
nevertheless carried on on certain properties. It is to be hoped,
however, that the industry will soon settle down to more normal
conditions, and that those engaged in it will realise that their
financial interests will be best served by systematic development
and that the methods at present being employed, and which re-
sult merely in picking the eyes out of the country, can only be
injurious in the end.

A certain amount of wolfram was also won at Mawchi in the
Southern Shan States, but no detailed returns are available, the
figures for wolfram having been included in those for tin, since
the concentrates of the two metals are not separated locally.

Wolfram,
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HI.—MINERALS OF GROUP Il

The condition of the alum industry of Mianwali district in the
Punjab was practically unchanged, the output
being 6,160 cwt., valued at £2,792, as against
6,220 cwt. in the previous year.

Alum,

There was a congiderable fall in the output of amber, which
dropped from 63 cwt., valued at £283, in the
year 1910 to 14 cwt., valued at £133, in

the year under review.

Amber,

Twelve tons of bauxite, valued at £5, were produced in the
.Jubbulpore district of the Central Provinces.
This no doubt was merely a sample, but it Is
probable that before long an attempt will be made to develop
what gives promise of being a prosperous industry.

Bauxite.

A small quantity (17 cwt.) of borax, valued at £1, was pro-
duced in Kashmir in the year under review,
but the sulphur and borax trade of Puga in
Ladak appears to have died out completely, the whole of the
borax exported from India being derived from Tibet. The amount
exported during the year 1911 was only 3,241 cwt., valued at
£3,398, a fall of nearly 50 per cent. on the exports of the previous
year.

Borax,

As pointed out in the previous review, the returns obtainable
for building materials and road-metal are too
incomplete to be of any real value. They
are, however, interesting as representing an important item in the
mineral industries of the country. The outputs of the respective
provinces are shown in table 24. The total value amounts to
£246,446 as against £222,400 in the previous year.

Like those for building materials, returns for clay are extremely
incomplete. In Burma the output was 710,705
tons and in Madras 418,304 tons. Returns
from the other provinces are insignificant, although no doubt
the amounts produced are very little inferior to those of Burma
and Madras. The total quantity for the year 1911 is returned as
1,168,858 tons, valued at £66,207.

Building materials.

Clay.
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TaBLE 24.—Production of Building materials and Road metal in India during 1911.

tons only.

(a) Represents the value of 733,739
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Two thousand and ninety-seven tons of copper-ore, valued at
£2,911, were produced in Singhbhum during the
year under review. This outturn is probably
only the result of prospecting operations, and represents merely
samples. In the Myitkyina district of Burma 159 tons of ore were

obtained with a value of £493.

There was a considerable increase in the output of corundum, which
rose from 2,741 cwt. in 1910 to 1,804,522 cwt.,
valued at £1,675 in the year under review.
With the exception of 185 cwt., the whole of this output came from
Madras; 180 cwt. were produced in Rewa and 5 cwt. in Kagshmir. The
last-named output represents blue corundum and corundiferous rock
from the sapphire mines.

Copper.

Corundum.

There was a decline in the output of garnet, which fell from 319} cwt.
in 1910 to 254% cwt. in 1911. In the latter year,
however, the valus of the smaller output was
£2,126 as against £1,885 for the larger quantity in the previous year.

Garnet.

There has been a considerable increase, amounting to nearly 50 per
cent., in the amount of gypsum produced in
India during the year under review. The output
of Jamsar in Bikanir was practically unchanged, being 4,464 tons, valued
at £168. There was also a slight fall in the amount produced in the
Salt Range, the output being 1,469 tons as against 1,837 tonsin the pre-
vious year. In the Delhi district of the Punjab, however, the increase
was very considerable, from 450 tons in the year 1910 to 3,260 tons
in 1911. The total value of the country’s production during the year
under review is returned as £2,308. This figure, however, is probably
much too low, as the value returned for 1,309 tons produced in the Salt
Range is only £7. : :

Active work has now begun on the monazite-bearing sands of the
Travancore coast (8ee Records, Geol. Surv., India,
Vol. XXXIX, p. 268), and 832 tons of monazite
were obtained. The labour employed amounted on an average to
1,015 persons daily.

The production of ochre in India fell off considerably during the
year 1911, having dropped from 1,020 tons in the
previous year to only 311 tons, valued at £34.
Almost the whole of this decrease took place in Panna, which produced
only 69 tons as against 815 tons in the previous year.

Gypsum,

Monazite.

Ochre.
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Twenty-four cwt. of samarskite, valued at £89, were extracted
during the year from the mica mines in Nellore.
This mineral, which is essentially a niobate of
uranium, yttrium and cerium, occurs sporadically associated with mica
in the felspar of the pegmatites of the Nellore district. Its mode
of occurrence has been described by Mr. G. H. Tipper in the previous
volume of these Records (Vol. XLI, p. 210). A certain amount has
been extracted with a view to its possible employment as a source of
radium salts.

There was a considerable rise in the outturn of steatite, which
increased from 4,897 cwt. in 1910 to 12,330
cwt. in the year under review. The increase
was due to Jubbulpore, where the output rose from 3,068 cwt. to
8,816 cwt., and Karnul, which produced 3,320 cwt. as against 400
cwt. in the previous year. 'On the other hand, the Jhansi output
decreased from 1,000 cwt. to 56 cwt., whilst no returns have been
received from the old-established mines in the Minbu district of
Burma. In spite of the greatly increased outturn, the total value is
estimated at £1,225 or only £119 more than in the previous year.

Samarskite.

Steatite.
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IV.—-MINERAL CONCESSIONS GRANTED.

TABLE 25.—Statement of Mineral Concessions granted during 1911.

BALUCHISTAN.
‘ 5 Date of
DisTRrICT. Grantoc. | Mlncral. Nutur(é of Arca In acres, commence- Term.
|‘ grant. ment.
— .. |
A PR ——— — - ——
! !
Zhob . (1) The Baluchistan Min- : Chromite . . \ M. L. .l 80 1st July 1911 | 30 years,
ing Syndicate. | \ '
Do. . .|@ Do do. . Do ML L 80 Do. . Do.
e Do. . .1 @) Do do. .. Do PMLL. . 80 Do. . Do.
Do. . .|(# Do do. . ‘ Do. M. . 80 Do. . Do.
Quetta . - | (B) Mr. Shlawakshaw ' Coal . . 1 M. L. . 73 Do, . Do.
Pherozeshaw of Quetta ‘ I
|
Do. . « | (8) Mossrs, Allibhoy and + Do, , . . ; M. L 67 Do. . Do.
Bros., Quectta, _ :
Do. . . | (7 The Baluchistan Coal | Do. . M. L 290 Do. . Do.
Company, Limited,
Karachi. ! i
‘ |
81bj . + [ (8) Messrs, Ral Sahib ° Do, . . . M. IL. . 80 Do. . Do.
Rocha Ram and Rons |
of Abbottabad. :
Do. . .1 (9) Do. do. . Do. . | M. 80 Do. . Do.
Do. . .]@® Do. do. . Do. . .)mi 80 Do. . Do.
Do. . .|(1) Do. do. .| Do.. M. L 80 Do. . Do.
Do. ., . ! (12) The Baluchlstan Coal © Do. . M. L 2,660 Do. . Do.
Company, Limited,
Karachl, !
Do . . | (18) Deo. do. . Do. , . M. L . 160 Do. . Do.
BENGAL.
Hazarihagh . ] (14) Dabu Lachmt Narain ' Miea , . . | M.L. . 40 13th Septem- | 30 years,
Shroff. ‘ ber 1910.
Do. . | (18) Mr. T. F. Milligar. . Do. . . « | M. L. . 160 1st April 1004 Do.
Do. . [ (16) Do. do. . Do. . . . | M. L. . 280 25th May Do.
. 1803.
Do. « 1 (17) Mr. A. A. C. Dickson  Do. , . . P.L. . 46 24th January | 1 year.
I 1910.
Do. « | (18) Babu Baidya Nath ' Do. . . . |P.L. . 146-5 | 8th  March | Do
Saha. R 1911, :
i
Do. . | (19) Babu Akhoy Kumar ' Do. . . . | P.L. . 2417 | 7th  March
Gupta. 1911, Do.
Do. « [ (20) A.Jardine . . De . . | P L. . 119 2nd February | Do,
1011. :
Da. « | (21) Mr. P.C. Andrews .  Do. . . | P.L, o 290 11th February | Do.
i " 1911.

E. L.=Exploring License. P. 1,==Prospecting License. M. L.=Mrring Lease,

-
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BENGAL—contd. BOMBAY.
) Date of , Nature of Date of
DISTRICT. Grantee. Mineral, ! mtu’: of  Areainscres. | commence- Term. Drsrrios Grantee. Mineral. grant. Area inacres. | commence- Term.
{ grant. ment. . ment.
‘ —— . : _
Homibagh . | @2 305, C. Murray N ] { P L ] : 320 ’:g'l' lr ebruary | 1 year. Dhérwar . (4:‘;)l Il!{(;ﬁl\&:l:wﬂnjiSor&b- Galena . . | P.L . 20 19th May 1911 | 1 year.
! .
I
oo, N ap v & sordine . | Do, .. [ N % ootn Marah | Do. Do, .1 @8 Do. do. . | Do . J|PL. . 9 3rd July 1011 | Do.
1 ‘ 1911, Kfnara « | (47) The N4gpur Manga- ; Manganese , . | E.L . 1,845 22nd Decem- Do.
o. | @4) Chota Nagpar bea Do. . l X L 1,086 18t November | 80 years. neae Mining Syndicate. ber 1911.
Syndicate, Ld. ! 1908. Panoch Mah4ls, (4sb)hg§m3. c(;. Chatoor- Do. . .| P.L . 1,196 26th  Janu- | Do.
po. . (@) Do. do. .| Do.. . . ML . © |1taprizeos| Do snd Co. ary 1911
Do. . (26 Mr.E.Lene. .| Do.. . .| ML . 24 | 30th January | Do, ¢ o Do U Do do. .f Do . gRLo 281 Do -y Do
1910, Ratndgiri . | &0) }\Ir. bE. Jnd }(3;01' for || Mar(\ignneuo, fron | P. L. . 1,276 Srd May 1911 | Up to 31s¢
' e Do. do. ) . ] ) L ] 160 6th Deceme Do. ambon a e, and chromium. Decem-
Do. | @n Do M.L Y iy | ber 1912,
Do. . 1(28) Do  do. .| Do.. . » | ML . 80 1&9“50 March Do.
) BURMA.
Do. . | (20) Mesars. Gladstome, | Do.. . . |M.L. . 240 {lsth  aay| Do
Wyllie & Co. 1910. Akyab (1) M Le : |
. . casrs. Ezekjel and | Coal . . . | M. L. . 1,167 30th Septem- to 81st
Do. .| (80) Do. do. ] Do, . ML . 80 Do. . Do. Co. | ’ (l))er 1:{)0? ™ UpOctob:r
Do. . |(31) BabuB.C.Bose .| Do.. . .| M.L . 2o | OthMay 1911 | Do Do ©2) Th bl | g
i - . o Hon'ble [ -
Do. . | (82) SatyendraPadagar-[ Do.. . . |M.L. . 120 Do. . Do. Bhupendra Nath Bag | Tetroleum .+ [ BeLo . 130 e e | T
kar. \ \. .
Do. .| (@3)B.CBose . .| Do.. . .|BL . 147 | 12th August | 17yesr. Do. . .| (63) Mr. Louls Grossmsn |  Do. SR . L0000 as ek Do
. . | ']
Do. . .| (56 MrLI M
Do. .| (34) Apsnga Ranjem| Do.. . . |P.L . 240 8th August | Do, (64) Mr. 3. M. Gocdmen N 4580 1’;&1;1 May| Do.
Chatterjl. 1911, b .
Do. .| (86) Mr.A.Jardlne . | -Do. . P.L . 0478 | 25th August | Do. <+ | Do do. .| Do . .IEL . 12793 | SthJuly 1911 | Do.
1011, Do. . « | (6) Do. do, . Do. . «| B.L. . 9,084 Do. . Do. 1,
Do. . | (36) Mr.Bhiviiwalli .| De. . . .| P.L . 80 8th Septem- Do. Ambherst o | (67) Maung Paw . « | Lead, silver, cop- [ P. L. . 8,200 27th Ma;
ber 1011, , per,’ gold, éte. ’ 1011. v| Do
Do. lenMro.aDickson . | Do.. . . |RL . 200 th  Augut | Do Do. .| (68) Do. do. « | All minerals (ex- | P.L. . 3,200 Do Do
191]- “peou)‘ i) o . 0
Do. . LI W. . .. . . |PL . 10 Sist  Jume | Do. Do. « | (69) Mevsrs. Shwe .
(88) Mr. J. W. Martin Do P.L T O Mg o Oh Do. . . BL . 8,200 | 18th August| Do.
po. . e . | BPL 420 | 28th  Jume { Do Do. + | (60) Mauug Hpaw . Do. .| BL . :
B ot B amants g | ° PL 1011 P.L 3200 | 1th 3y | Do.
Satya Kinkar Sahana.
Do. .| (61) Do. do. . Do. .| PL . 3,200 Do. Do
Do. . (40) Mr. ArchibaldA.C.| Do.. . . |M.L . 820 oth June 1911 | 30 years. Do ' - !
Dickson. d . | (62) Moti Raman . . Do. «|P.L . 3,200 2%1;! Angust | Do.
Do. . | (41) Mr.8.D.Philippe . | Do.. . . |¥W.L . 88 11th _ Februs [ Do. '
ary 1911, Do. « | (68) Col. S. G. Radcliff . G]?(}g't.igvleegd c:t];- P. L. o fe 8,200 2}8%1 August | No,
Sambalpur . | (42) Mr. A. H. Teitkins, | Coal . . .| P.L . 42438 | 14th Decem- | £ years, D L '
Local Agent, Sambal ber 1010. o - | (64) Maung Hpaw . | Al minerals (ex- ) P.L. . 3,200 |17th  Jol
Loo , a ceptofl). ' lon, V%V Do
o. . . 1L W |1 Do. o [ (85) Messrs. Foucar . «|P .
D (“)ecléhiﬁg'mbb%% Pc:?é-, Gloel.dx silver and | M. L . st July 1011 | 15 years. &o., S, F and | Antimony P.L. . 80014 4%1; 1soelyitem- Do.
ubbalpur, C. P. . Do, . .
J 2 + | (66) Moti Raman . . | All minerals (ex- | P. L. . 3,200 20th  August
Singhbhum . | (44) Messts.  Schrdder, | Chromite . . | P.L. . | About3,801:2 | 12th  June | 1 year cept ofl). ’ 1011 Do-
Smidt & Co. of Cal 1911, Do (67 -
Smia . . ) Do do. . Do. | P.L . 3,200 Do. .| D
o

B L= Eaploring Licenss. P. L= Prospecting Licenas. M. L. Mining Losse. - B Lo=Eoploring Lioms. P. L.=Prospecting Livenss. M. L Hining Lesss T



164

Records of

the Geoloj1'cal Survey of India.

[Vor. XLII.

BURMA—contd.
Date of
DISTRICT. Grantee, Mineral. N;:;‘;i.ot Area In acres, commence- Term.
Ambherst (68) Mr.C. E. Law « | All minerals (ex- | P. L. . 2,816 18th Se - | 1yesr,
cept oll), : ber 1811.
Do. (69) Maung Thein San . | Wolfram and allied | P. L, 3,200 14th Auguvat | Do.
minerals. | 1011,
Do. (70) The Hon’ble Mr, | Allminerals (ex- | P. L. . 6,400 20th August | Do.
Lim Chin Tsong . cept oil). i 1011,
Do. (71) Messrs. T. D’Castro | Al minerals (cx- E. L. . ! Amherst Dis- [ 10th  August | Do.
and Sons. cept mineral oil). . trict except | 1911,
< in Forest
i Reserves.
| Aren  mot
» known.
Da. (72) Mr. A. A. Abren . | All minerals (ex- | P. L. . &60 20th October | Do.
cept oil). 1 1911,
Do. (73) Messrs. T. D-Castro Do. .| P.L o 1,280 14th Novem. | Do,
and Sons. i ber 1911,
Bhamo . (74) Mr. N.Samwell . | Gold . . .| P L. . 1,600 20th 8¢ - | Do.
ber 1011,
Henzada .| (78) Mr.G. Mmills . | Petrolenm . .| P. L. . 6,400 li?ltolil July | De.
Do. « | (78) Messrs, Osman Must Do. . . | P.L. . 2,560 11th Novem- | Do.
Khanand Co. . . ber 1011,
Do. . « | (77) The Indo-Burma Do. . . | P.L. . 7,080 30th October | Do.
Petroleum Co., Ltd. 1911.
Katha . (78) Mr. R. H. Pockling- | Copper, gold, sil- | P. 1. 220 20th May | Do.
ton, ver, lead, tin, iton, 1011,
coal,  asbestos,
and zine. .
Do . (79) N. Khay Wal A . | Lead, copper and | E. L. . 2,580 22nd  April Do.
gold. 1911,
Do. . . 1 {80) Maung Tha E and | Gold and ores . |EL, . 1,280 20th May Do.
five others. 1011,
Do. . . | (81) Maung TunMan . | Gold, silver, cop- | E. L. . 1,280 29th June Do.
per and lead. 1811,
Do. . «| (82) Maung Nyo . . | Lead and ellver . | P.L. . i 060 Silau July [ Do.
Do. . « | (83) C.Soon Thin o | Lead . B . . L. . 2,464 1st Scptem- | 8 months,
(renewal). ber 1011,
Do. . . | (84) Upper Burmsa | Gold, copper and | P. L. . 2,560 21st Novem- | 1 yoar.
Mineral  Prospecting { lead. PP ber 1911. y
Syndicate, Limited. .
Lower Chind- | (85) Mr. J. W. Parry . | Minerals and | E. L. .| 10,240 25th May | Do.
win. mineral ofl. 1911,
Do. . ] (88) Do. do. . Do. . | E.L . 10,240 12th Septem- | Do.
ber 1911,
Magwe . . | (87) W.Mansfied & Co. | Petroleum . .| M. L . 2,560 1(1):111 March | 80 years.
1.
Do. . . | (88) MaungPo Oh , R Do. . P. L. 208:10 l%llnl April | 1 year.

i
!

E. L.=Egploring License, P. L.=Prospecting License. M. L.=Mining Lease,

o

&
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BURMA-~—contd.
: Date of
DISTRICT. Grantee, | Mineral, Nature of | ,req i neres. | commence- Term,
! grant. ment.
|
Magwe . « | (89) The Indo-Burma r Petroleum . P. L. . 1,280 9th March | 1 year,
Petroleum Co., Ltd. 4 (renewal). 1911,
Do. . + | (90) Messrs. Finlay, Flem- Do. . . {P.L . 2,240 10th Febru- | Da.
ing & Co. (renewal). ary 1911,
Do. . « | (81) Yeo Eag Byan .l Do. . .| P.L. . 640 8th Septem- | Do.
! ber 1011.
Do. . .| (92) Mr.H.P.Cameron., ' Do. . . |P.L . 2,240 Do. Da.
|
oDo. . « | (83) The Burma Oil Co., Do. . .| P.L . 2,560 12th  July | Dao.
Ltd. (renewal), 1911,
Do, « | (04) Maung Tun Aung Do. . .| PL . 8,180 14th June | Do.
Gyaw. 1911.
Do. . « | (88) Burma Oil Co,, Ltd. Do. . . . L. . 164 30th Novem- | 6 months,
(renewal). State wells ber 1911,
Yenang-
yaung.
Do. . .| (98 MaKhinLe . . Do. ., L {PL ., 383 29th1 Aptil | 1 yesr.
1011,
Mandalay . | (07) Mr. 2. M.D’Silya , | Gold,  copper, | P. L. . 840 80th Janus | Da.
alena, coal, wol- ary 1911,
ram, antimony,
aluminlum and
mica.
Do. v { (08) Mr. R. N. Iyer . | Lead and silver ., | P. L. . 2,560 7th April 1811 ;* Do,
Do. . | (09) Mr.E.Nisbet . | Galena, copper, | E.L. . 4800 | 30th March | Do
gold and antl- 1011, !
] mony. )
Do. + | (100) Mr. W. Macdonald ; Galena, gold, sil- | P. L. . 820 8rd May | Do,
ver and copper. (renewal), 1011,
Do. « | (101) Moola Dawood . | Gold, silver, lead, | P. L. B 1,248-88 | 5th Septem- | Do.
copper and mica. ber 19?1.
Mergul . s | (102) Col, Radclift « | Tron Pyrites .| P L. . 8,200 15th Febru- | Do,
ary 1911,
Do. . « | (108) Abdul Kader and | Tin, wolfram, gold | P. L. . 8,200 . .
A aitomed Baraila, and siiver.  © 22?; mi‘i‘.ml De
Do, . (104) Tan Twan Tce for | Al minerals (ex- | E. L Throughout -
Mesars. Cheng Lee & | ccpt oil). ( Merggl Dls- 129,‘ 191'11%““, Da.
Co. ‘ trict. I~
Do. . . | (105) Qush Chang Gwan Do. e Do. . po. .| De.
[
Do. . » | (108) Quah Chang Gwan Do. . | B.L. . Do. .
for Khoo Kim Cheng. Do. : Do
Do. . « | (107) Mr. Charles K?tchen Do. . | B L. . 840 21st Janu- | Dpo.
ary 1911,
Do. . » | (108) Mr. 2. N. Caldwell Do, . | B L. . | Throughout | eth
Adam. Morgul Dis- April1011| Do,
trict.
Do. . . [(109) Mr. H.J. Davis for Do. | BL. Do.
Finlay, Fleming & Co. %h May 1011 Do.

B, L.= Exploring License.

P. L.=Prospecting License.

M. L.=Mining Lease,
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: BURMA—conid.
] Nat o‘ Dateot R
DJSTRICT, Grantee. Mineral. \ ' "" fAren in AcTes. c'"t::m;'nre- { Term,
11 . |
- b I
| | z
Mergui - (110) Ma Han Mi . + | Al minerats (cx- | E. L + | Thronghout ; 13th May . 1 year
cept oll), ! Mergal Dise 1001 ;
trict. '
Do. . (111) Mr. H. Sherback Do. B TR 1980 12th  June. Do
for Bumc and Rell. ' tolt. \
Do. . (112)_U Tha Dun Aung . Do. ., ER.L + | Throughont 12th  June Do
’ ’ Merggul Dis. | 01).
! i
Do. . (113) Ban Swee Seng & | Tin, gold, copper = P. L. . 276480 _ 3rd  August ~ Do.
Co. and wol 1 | o1, .
Do . (114) it Khwet . . | A minerals (ex- ' P.L. . 198808  2nd Scpteme | Do,
‘ oept ofl). i her 1911, .
Do. . (18 A.Jall ., Do. e a0 [ aoth Auoust Do
}
Do. . (116) Maung Shwe Yeik. Do. < PL . 3,200 . l?&t‘n‘ July © Do.
Do. . (117) 8it Shoo and Oo Do. . P.L . 319232 | oth July 1911 | Do.
Ghine. i |
Do. . (118) C. Boon Khoon . Do. , P L. .l 3,1R6.00 Sll;in August | Do
+ .
| )
Do. . (119) 8it 8hoo and Oo Do. P. 1. . 1,240.72 ’:mt July | Do.
Ghine. ! mmt. i
Do. . (120) Sit8hu . . Do. RL . ' 3900 dlat Augut, Do.
Do. . (121) Saw Leng Lec . Do. . P.L ) 60048 m;t ;;.lplrm- Do.
| or
Do. . (122) Messrs, Mower & Do. .|l poL : 1.560 ntJuly 1911 . Do.
Co, (ronewal), ; \
Do. . (128) Do. do. . Do. .| PoL ! 80 Do. .| De.
(renenl) |
Do. . (124) Do. do. . Do. L RL. . 2240 Do .. Do
Do. . (125) Maung Saw Maung Do. .leL. . 3,068 ‘ 1?9;‘ July Do
i
Do. . (126) Tan Gun Hsung . i Do. . ] P.L . £0A-4R 2::'1'1 August  Do.
| .
Do. . (127) Maung KyaS8in . l Do. P.L. . 3 200 un: !:;ili"‘m' Do.
N‘ .
Do. . (128) Maung Shwe Yun . | Wolfram and all’- | P. L. v 3,200 i gnd Septem- Do.
ed mincrals, ber 1911, ‘
t .
Do. . (129) C.Boon Khoon . | All minerals (ex-{ P.L. . 2,00 Jnlyl Do.
cept oil). ; L} !
t 13t July | Do
Do, . (180) Chis Boon Teat . Do, E. L . Tﬂ?}:ﬂo“u- i 91'1. ¥ |
trict. l
Do. . (131) Maung Kys 8in . Do:

‘Z&"‘&"r....&?.‘.‘a.‘ﬁﬁh '

3,300 } luh Hcguu\ ‘

E. L. =Eaploring Lisense. P. L.e=Prospecting License. M. L. Mining Loase.
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BURMA-—contd.
! Date of
DISTRICT. ‘} Grantee, Mineral. 1 NZ::;: of Arca in acres, comnicnee- Term, -
: ment.
Mergui . « | (132) Maung Tacin Pe ,  All mincrals ex- E. L. Throughout 15th Septem- 1 year,
cept oil. I Mergui Dis- ber 1911,
trict.
Do. . (133) Mr. A. E. landon  Coal ., . T. L. . 23467  1st  August Do,
White, (renewal), 1911,
Do. . (134) Maung Shwe Yeik., AW minerals (ex- | P. L. . 2,304 2ist’ Decem- Do,
cept oil), ; ber 1011,
o Do. . (135) Do. do, . Do. . | L. . 2,406:20 11th Novem- Do.
; y berlall
Do. . (136) Do.  do. L Do. R . 3,200 | 1st Novem-  Do.
| ber 1911.
Do. . « [ (137) Do. do. Do. . PUL. . 71456 21st Decem- Da.
! ! ber 1911,
|
Do. ., . ; (138) Maung Shwe Thi Do. . Pl . 806 Sth  Oetobher Do.
- . 1011,
ro. C(139) Mr. H. Sherback Dao. . | L0 P 1,902 08 10th Noavem- Do,
for Messrs. Bume and ber 1911,
Reif. i
|
Do. . ., (140) Do. da. . Do. i 2,77504 Do, . Do
I
Do. . .1 (141) Do. do. R Do. R US R . 2,306-16 Do, . Do
Do. . (142) Maung Thi . R Do. . ,v. L. . 8,160 2nd October Do
1911.
! .
t i .
Do. . « (143) Chla Boon Teat . Do. . P L o 3,200 1 3rd Navem- Do,
: I i ! ber 1911
Da. . « . {144) U Tha Dun 'Aung Da. . ! I L. . 3,200 4th  Dccem- Do.
and Maung Shwe Don. ¢ i ber 1011, :
I ]
Do. . »  (145) Maung Shwe I . Do . DL . ‘1 1,423-36 : 3%1}\) October ¢ Do.
| | ’ ;
Do. . + (146) Messrs. Finlay, Do. . P L . 2,189 16th Decem- - Do.
Fleming & Co. ber 1911, i
| .
Do. « (147) Do. do. o Do. . P.L . 2,880 Do. . ! De.
Do. . » (148) Messrs. Bume and : Do . DL . 3,038-72 10th Novem- ;. Da.
Reif. : ) ' © ber 1011,
Do. ., o (149) Hadji Mahomed i Do. . P.L . 3,200 7th Novem- | Do,
Ismall, l‘ ber 1011, :
Do. . + _(150) Moessrs. Finlay, | Do. . P L. . 3,200 15th Decem- 1 Do.
Yleming & Co. ' ber 1811, 1
Do. . (161) Saw Leng Lee ‘ Do. . P.L . 3,200 . Eth Deeem- | Do.
ber 1911.
Do. . <« (152) Eu Bhwe Swai . Do. . P L. . 1,960 | 9th Novem- Do.
a | E . i ber 1911,
. | A
Do. . (153) E. Ahmed . . | Gold, tin, woltram P.I. . \ 2,316:80  31st October | po,
1 and allied metals. “ “ I 1911,
Do. .+ (1&4) Maung Thein Pe . | All minerals (ex- | P. L. . 1,20052 | 9th November Do.
| “eept oib). l : ;1011, |
|
Do. . (lﬁlg)ifMossrs. Bume and Do. . P.I. . 610-32  10th Novem- | Do.
eif.

; ‘ ber 1811, 1

E. L.s=Jzploring License. P. L.==Prospeding License.

M. L.mAlining Lease.
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l Dul«nfo‘ Termm.
t ¢ ) comment
D or. Grantee. Mineral | Nl‘r\:rr:"o 4 ATca in acree ment. R
— T e — ’ . 1 yesh
. th Novem
Mergul « (156) Messrs, Bume and | Al mincra's (ex- ! P. L. . 1,356-80 12-: TN
Reif, cept oll), ! l po.
. $il .
Do. . (157 Do.  do. . Do. DR L 1,530 " | o
\ N i
Do. . (158) Do.  do. . Do. .| PL . 1,084 01 Do
1,518-08 bo. C
Do. . 1s9) Do. do. . Do. e . . : Do
Do. . (160) Do. do. . Do, Llen 1,638:40 pe: ' Do
. po.
po. . @en Do. do. . Do. e 1477112 ot Noveme DO
. '+
Do. . (162) Maung Kyaw . Do. B % M LR T L
. Do
. sth  Deerm
po. . (163) M. E. Bymiah . | Wolfram and lron [ P.L. . 213804 8 .
. Do
. snth Septem®
Do. . (164) Mr. Charles Kitohin | Wolfram, tin, and | P. L. . 80208 | bet wlP
copper. (rencwal). i ovem po.
96 . 13th Novem®
Do. . (165) Ma In Ngon . Ael:palﬁ)"‘h (ex+ | P. L. . 2,088-90 ! per 1011
i 1 oth Novem I
Do. . (166) Maung Kyaw . Do. SR 3 N 1,041:90 | B 510, .
.' po
. sth Drerm
Do. . (167) ©. Boon Khoon . Do. Sfen 98304 | Theriont. |
| . Do
: 4th Drerme
Do. . (168) MaInNgon . Do. e 3200 4R oo
. | ond March *
Minbu . (109) Maup ﬂWu Byaw, | Petrolesm . .| P.L . 20147 | 2300, ‘
mmg mn & ' joth  Jenu .
Do. . (110) Shamuddtn. .| Do B 8640 ayront Do
" st Mareh *
Do. (171) Messrs. Moola Da- po. . .|PL gas0 M,
wood Sons o 57.h January Do
Do. . (172) Onmarjt . . Do. . .|PL . LAl B HITY Do
"gutn  Pebrue | D%
Do. . (173) Shamuddin. .| Do. . .|PL . R R po.
Dyath May ’
Do. , (174) Yeo Eng Bysn . Do. ., .{PL . 2,880 1911, 5o
" 1st 0“'“!’"‘ ’
Do. , (175) The Trrawaddy Oll Doo. . .|PL . 1,020 1011
Syndicate. | pue | DO
3,00652 20th JA
Do, . (176) Bulatman Adamj! . po. . . P('ri'.'mnl)'l 5 ey ot o
T : ch |
. 1t MNar
Do- . (77 Shamoddin. .| De. . ., [RL .| o138 MO |
i 1011, Do
t May "y
Do. , 78 _ Mosars, Fiolay,! Do. . L.|P L. .| 960 “'
Fleming & Co. ' 1ath Septom- Do.
Do. . (179) The British Burma = Do, . . [P L . s1ed | 14k ohh,
Petroleum Co., Ltd. 120 16th August Do.
Do. . (%) Mawgy . .| Do. . . [BL . % 9L S

B L= Baploring Ziconss. P. Lo Prospecing Liomse. M. L.=Mining Lese.
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BURMA—contd,
] Date of
DISTRICT. | Grantee, Mineral. Natwreof 4 1o 1y acres. | commence- Term.
i grant. ‘ ment.
Minbu . . ‘ (181) Maung Ne Dun Petroleum . .| BP,L. 5,440 27th  July | 1 year.
‘ 1911.
Do. « (182) Mr. Fenton , . Do. P. L. . 2,560 | 27th1 August Do.
1911.

Do. (183) Maung Thu Wa Do. P. L. 640 ‘ 8th July 1911, | Do.
Do. « (184) Sulaiman Adamji . Do. . P. L. 2,529 26th August | Do.
: 1911,

Do. (185) Maung Hla Gyaw . Do. . P.L . 100 - 2’{3};1 August | Do.
Do. (1868) Maung Po San, Do. P. L. 1,664 26th October | Do.
Maung Lu Dok and : 1911,

Maung Ya Paing.
Do. . (187) Mr. H. P. Cameron Do. P.L . 1,920 25':1{1 October | Do.
. . 1911,
Do. (188) Muung Pan Bu Do. P. L 960 16th Novem- Do.
ber 1911,
Do. »  (189) Tar Mahomed Js- Do. . PL 2,880 5th January | Do.
mail. | 1912,
Myingyan . (190) Mecssrs,  Stewart Do. . " P.L . 5,120 3rd January Do.
Racburn & Co. 1911,
Do. . (191) Mossm Shwe Oh Do. . .| P L 800 Do. ., Do.
Bros, &
Do, « (192} Mr. Walter Mans- Do. . ML 1,920 éth March | 80 yeare.
ficid. 1911.
Do, + . (193) The Rangoon Oil Do, P. L. 640 18th Janu- | 1 ycar.
. Co.,, LWl. ary 1011,
t
Do. 0 (194) The Burma 0il Co., Do. « | P.L . 1,280 15th Septem- Do.
i Ltd. ber 1910.
Do. . ( (195) The Rangoon Oil Do. . PL . 640 16th Febru- | Do.
i Co., Ltd. ary 1910,
Do. « (196) Messrs. Shwe Oh Do. . . | P.L. . 821-01 | 25th Febru- | Do.
1iros, & Co. ary 1011,
Do. . (197) Mr. A. H. Tucker , Do. . P. L. . 1,280 231'(}1 March ' Do.
| 1611,
Do, {188) The Burma Oil Co.,| Do, | P L 1,320 28th  Janu- | Do,
Ltd. i ary 1911,
Do. .,  (106) Muung Po Kin Do. (PL 48335 | 2rd  June | Do.
' 1911.
Do. . (200) Moolla Ahmed Do. . ‘ P.L. . 640 6th May 1011, | Do.
! o I (renewal).
Do. « ' (201) The Burma 0il Co., Do. . .!DPL 7,680 1st May 1911, | Do.
|7 Lta. ' (rcnewal)
Do. « (202) Yeo Eng Byan Do. ’ P.L . 840 15th July | Do.
i | 1911
Do. + . (203) Mr. L. A. Maing . Do. . . | P. L. . 640 25th Beptem- | Do
i| ter 1011,

E. L.=Ezxploring Licenso. P. L.=Prospecting License.

M. L.=Mining Lease,
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BURMA-—contd.
DISTRICT. Grantee. Mineral, N:ﬁ;‘;g of ! Arca In acres. co]:)na;xt;(;:cfe- Term.
) ! ment.,
e - R
Myingyan (204) Maung Maung Aw . | Petroleum . .| P L. 79659 ‘ 22nd Decem- | 1yvar.
{ ber 1911,
Do. (205) Mr. Moolla Ahmed, Do. . .| Pl 1,280 | 20th May Do.
I‘ 1011,
Do. + | (208) The Burmah Oil Do. . . P L 1,280 18th Scptem- Do,
Co., Ltd. ber 1911,
Do. (207)  Mr. Sulaiman Do. P. L . 1,280 13th  August Do.
Adamjec. ' 1011,
. I
Do. (208) Do.  do. Do. . . DL 320 i Do. . | Do.
Northern Shan | (209) Mr, W. R. Hillier . | Copper and allied | P. L 2.5
oy . ,560 ‘2.{:)';1. June Do
Do. . | (210) Do, do. + | Golena and allied | E, L, - Not stated . Do . D(;.
ores. ’
i
Do. .| (211) Mr. A. R. Ober- | silver, lead, iron | P. L. . 3,200 4th cerae
lander. and copper. (renewal). ’ ber lr;;’l‘ 'cm Do-
Pakokku i (212) Maung Maung Gyi | Petroleum . . L. 2
o two athers. M 1,280 l%'lll. March | 30 yrars,
. i
Do. ! (213) Maung Aung Ba Do. . .| P L. 2,240 16th  Janus | 1 yoar.
, 1 ary 1011,
Do. . | (214) Maung Shwe Goh . Do. P.L. - | Blocks Nos, | 12th Janu- | Do.
i (rencwal), 21 and 62 | ary 1011,
Yenangyat.
Do. . (213) Mr. M. Goolsm Do. L. 1,280 30th  Janu- | Do.
. | Husgein. (renewal), ’ ar; 1911, ¢
Do. . | (216) Maung Shwe Goh . Do. . .| P.L . | Block Nos. 5, 12¢h  Janu- | Do
. (renewal). 6,8 and east-| ary 1911.
! ern half of
1‘» No. 7.
Do. . | (217)  Mcssrs.  Mooila Do. . . P L « | Block No. 86 | 14th March Do.
) Dawood, Sons & Co. ! A and 44 sq. 10810.
i mjles N. and
! adjoinin 7;
i Blocks 137,
) ] 188 and 130.
Do. . | (218) Maung U Kaing . Do. . e A 6,400 20th _ Febru- | Do,
| ary 1011,
Do. . |19 Do. do. Do. . . |E.L 1,280 24th _ Janu- | Do,
(renewal) ary 1011, |
Do. - | (220) Do. do. Do. . . B L . 8,200 3(1)311;1 March f Do.
] !
Do. .+ (221) Messrs. Mower & Do~ ., . PL . 261 23rd  May '
{ " Co., Agents, Rangoon ! to11. M&Y . Do
i 0il Co., Ltd. i :
i I .
Do. - | {222) Mr. H. Watson Do. . . PL . 8,200 ‘2%'111 April ' Do,
| | \ Sl
Do. - | @29 Me B P Wilos, | Do. .. {M.L . Blocks Nos, 11th  Maceh | 30 years,

eat for Mr
ﬁmﬂeld.

( 119 and 121.

E. L.wEzploring License. P. L.mProspecting License. M. L.m Mining Lease.

1
H
!

Mansfield.

Part 3.] HavyoeN: Mineral Production, 1911.
BURMA—contd.
i Date of
. DISTRICT. Grantee. Mineral. i Natureof | o0 ingcres. | commence Term.
| grant. ment.
d i -
! T
Pakokku + | (224) Sulaiman Adamji. | Petroleum . . | P. L. . | Blocks Nos. | 12th Septem- 1Year.
X 14,28 and 70 . ber 1911,
[ Yenangyat.
Do. (225) The Burma 0il Co., Do. P.L . | Block No.D 2, 25th  July | Do.
Ltd. 1911 |
Do. . | (226) Maung Ba Thalk . Do. . P.L 3,200 25th Septem- | Do
ber 1911.
® Do. . | (227) Maung U Kaing . Do. . P.L 3,200 26th Septem- | Do
ber 1911. ‘
Do (228) The DBurma Oil Do. . L. . | Block No.138 | 28th Septem- | Do.
' Co., Ltd. (second re- i ber 1011.
I newal), !
Do. * (229) The Rangoon Oil| Do P. L. Block No. 12, 22nd Scptem- | Do.
Co. (renewal). ber 1911, i
l ‘ ‘
Do, . : (230) Mr. Hajee Hashim ©  Do. P. L. 2,240 “ 6th Decem- | Lo
Hajee Khan Mahomed. ! i ber 1911.
Do. . 1 (231) Abdool Shakoor . | Do. . . | P.L. 1,020 | 30th October , Do.
Abdool Gunny. i 1‘ 1011. i
Do. (232) The Indo-Burma ' Do. . . PoL. N 640 24th Novem- | D
Petroleum Co., Ltd. 1 | ber1911. ‘
Do. .1@3% Doo @ .. Do . .|BL 248 | Do. .| Do
Do. (234) Nath Singh 0il Co., Do. . . | P. L . 1,280 8th Decem- | Do.
Ltd. ber 1611.
Do. . | (286) Ko Bah Oh and Co. Do. . « | P. L. Block No. 29 | 28th Novem- | Do.
Yenangyat. ber 1911,
Do. . | (286) Mr. W. Mansfield ., Do. . B . L. . | Blocks Nos. | 5th October | Do.
i (tenewal). 122 and 137 1911,
Yenangyat.
Pegu . . | (287) Mr. W. R. Fox . | Gold and tin P. L. . £,670'4 siglli‘ebruary Do.
. 238) Mr. W. B, E. Rule, | Petroleum . . L. . 10,496 3rd June | Do.
Prome (238) (renewal). | ’ 1610,
. Tun Aul Do. .| E.L . 46,080 1 20th  Febru- | Do.
Do. . ' (2:§ggla‘;lvi.aung n Aung s 1011,
Do. . (240) Maung Shwe Zin, Do. . P.L. . 1,824 §th April 1011, Do.
Agent for  Messrs.
Shwe Oh Bros. & Co. !
Do. . . | (241) Mr. Sarkies . . Do. P. L. 211.84 ' 2;331111 April Do.
Do. . . | (242) Mr. D. Lister \ Do. « | PL 3,200 ' 31st May Do.
James, Agent® for 1011,
Burma 01l Co., Ltd. ’
Do « | (243) Maung Shwe Zin, . Do. . « | P L. . 3,072 i 20th May | Do
Agent for Shwe Oh !o1e1l.
Bros. & Co. l
Do. . . | (244) Mr. R. P. Wilcox Do. . P. L. . 2,560 i 9th June 1911 | Do.
Agent for Mr. Walter [
|
)

{

E. L.= Exploring Licoense.

P. L.=Frospecting License.

M. L.=Mining Lease.
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- BURMA-—contd.
‘ Date of :
DISTRICT. Grantee. Mineral. | Naturcot | . .00 acres. | commence- Term.
i grant. ment.
- e | v Tmm—— - -_—
Tavoy (287) Ma Mo Thu . All mincrals {ex- ' P.IL. . [ 2,462 7th  January 1 yesr.
cept oil), . { 1911. i
Do. (288) Messts. Shwe Oh Do. . P.L ‘ 1, .
Bros. & Co. : | 0 [ 4th Jenvery © Do
Do. (289) Do.  do. . Do. . DL . 1,120 Do. Do
Do. (200) Do. do. . Do. ‘poL. . 1,280 Do. . Do
Do. (2912 Ung Kyl Pe DBros. Do. . P.L. 1,603 17th  March Do.'
& Co. ; 1011, ‘
Do. (292) Tan Po Chong Do. . ; P.L. . 3,182 25th  March = Do.
1011,
Do. (293) Mr. P. P. Murphy Do. .\ P.L 657 | Sist January Do
1911,
Do. (294) Chu Lu Yin . . Do. | P L. . 2,047 4th  January ; Do.
1912
. !
Do. (295) Messrs. Shwe Oh Do. . . L. 3
Bros. & Co. . . L * 3,200 Do, * , Do
Do. . (296) Khoo Kim Cheng . Do. . 'P.L. . 8,200 Do. B " Do,
Do. (207) Maung Shwe Pu . Do. e . 8,200 po. . Do
Do. (298) Maung Hpaw . Do. .| P.L. . 3,200 7th January | Do.
: 1011, |
. | !
Do. . (299) The Hon'ble Mr. 0. . . L. . | ! .
Lim Chin Tsong. b .1 ! 1,680 ‘:2 ..hnu.ry ’ Do
Do. (300) Maung Hpaw Do. .| P.L. . 2,660 ' 24th January - Do.
1911.
Do. . | (301) H. Fakcer Maho- Do. .| P.L . 1,280 "t January | Do.
med. : 1011.
Do. . (302) Mr. B. C. Simeons, Do. .1 P.L. . 650 ' 18th Jamu- | Do.
| sry 1911
Do. (303) The Findu Chaung Do. . L. 3,200 ' 16th Febru- 6 months
Tin Dredging and Min- : . ! ‘
[ ing Co, TH. (renewnl), | ary 1911,
Do. . . !’ (304) Thi Shwezin . Do. BT X T 31 15th  March | iyeat.
L1911,
Do. . ' (305) Mr. R. 1. Levien , Do. .| P.L. , 3,200 1 22nd May | Do.
L - . g 1011,
Do. | (306) M. A.Sooratee . | Do S PL 2900 ; 1st April1011.| Do.
Do. (307) Teong Bhwe 8in Do. | P L. B 8,085 ‘ 27th May | Do
! 1011.
Do. . . | (308) Ung Kyl Pe Bros. Do. I PL . " 1,808 Ist June | Do.
& Co. 1911,
Do. . | (309) Teong SweeSin Do. . PL. . 2,116:60 | 12th  May | Do.
. 1011,
Do. . . .| (310) The Hitakaree & Do. . ‘ P. L. . 2,755 21th  May | Do.
Co. i [ 911,
Do. « | (311) Chu Luyin . . Do. . P.L 2,572 Ist April 1011 Do,
E. L.=Ezploring License. P. L.wProspecting License. M. L. Mining Loase.

® - . y ; o .
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BURMA-—contd.
! Date of 1
DISTRICT. Grantce. Mineral. Nature of Area in acres. commence- Term.
grunt. ment.
Tavoy . . | (812) Ciw Lu Yin, . | Al minerals (ex- | P.L. o 3,200 30th  Jure | 1 year.
cept oil). 1911. -
Do. « | (313) The Hitakarce & Do. . | P L 3,146 27th May | Do.
Co. 1911,
Do. (314) Ung Kyi Pe DBros. Do. .| P.Le . 1,166'60 | 1st April | Do.
& Co. 1911,
Do. . (315 ChuLu Yin . Do. R 05 A 3,176:96 Do. .| vo.
Do. . . 1‘ (316) Maung Pet . Do. . | P. L f 89050 2;;}{1 May | Do.
I .
\ 5 .
Do. . . \ (317) Messrs. shwe Oh | Do. .| P.L . 2,880 24th May Do.
Bros. & Co. . | 1811,
Do. .+ | (818) Maung Pet . o Do P. L 1,280 22nd  April | Deo.
i 1911.
Do. . | (310) Kyong Nga . . ‘ Do. .y P.L 2,880 8th May 1011 | Do.
Do. (320) Quah Cheng Gwan | Do. .| P L. . 1,274 1:;51;1 Junc | Do.
! . |
Do. « | (321) Maung Min Gyaw ] Do. .1 P L . 1,496 oth June | Do.
3 Bros. & Co. | 1911. 1
Do. . ' (322) Ong Hoe Kyin Do P. L . 2,622 1:«1);];1 May Do.
| ' !
Do. . . |(328) MaDwe . . Do. .| P L . 1,719°40 1%1{1 June | Do.
Do. . « | (824) EuShwo Swe . Do. P L. o 8,029 1st April 1011 | Do.
Do. . . | (826) Maung Hpaw Do. . {P.L . i 858'88 2%1; June | Do.
i .
Do. . . | (826) Kyong nga . Do. P. L. o 2:582 2;06?1 May | Do.
i | ’
Do. . . | (827) Ehoo S8hwe Gun . Do. .| P. L. o 1,216 | 1st April 1811 | Do.
. . i
Do. . (328) Lim Kin 8cng Bros. Do. .t P L. . 1,201°20 ! 28th June © Do,
& Co. : \‘ 1911, .
| . |
Do. . | (829) Swee Seng & Co. . Do. ., P.L. . 50% 3(1):)1;1 May ‘ Do.
. . ‘ . ‘]
Do. . | (880) Maung Hpaw Do P.L L 5oz | 1(;31111 June 1{ Do.
| | f
Do. {881) Lim Chin Teong Do P.L . | 282 | 2nd  Juie | Do.
I | |
Do. . . |(332) Do. do. . Do. e L. . 3,16080 | 17th  Jume | Do.
. . ‘ 1911
Do. . | (838) BanSalng Tin Do. den ‘ 1955 | 13th June Do.
| .
Do. « | (334) Xhoo Zun Nee . Do. .| P L. . 2,088 ‘l ltiz.’l; May | Do
{
Do. . | (885) Swan Huat & Co. . Po. . |P.L . 1,283 ‘ 2%11!1 May ¢ Da.
* |

E. L.=Exploring License. P. L.=sProspecling License. M. L.=Alining Lease.
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BURMA—contd.
I
DISTRICT. Grantee. Mlneral. N ;:;‘;g ot | Area inacies, cog:n?ég::e- Term.
" ment.
Prome . « | (245) Maung Pe « | Petroleum . 1 P. L 1216 oth May | 1 year.
1911,
Do. . . (2_46) Mr. H. A. Foy Do. . . PL 887 | 11th 8cptem. | Do.
ber 1011.
Do. . . | (247) Maung Thu Daw Do. . P.L 1,344 11ty July | Do.
1911,
|
. . . 2
Do, [¢ g;aal.&unx Tun Aung Do. . . EL 10,240 1st July 1911, | Do, .
Do. . « | (249) MaungPe . . Do. . « P.L 1,280 25th Septem- | Do.
. ber 1911.
Ruby Mines . | (250) Mr. W. Macdonald. | Metalliferous P. L. 820 ist Januoary Do
minerals, 1011,
Do. . | (251) The Hom’ble Mr. | Copper, lead and . P. L.
Lim Chin Tsong. iron ofes, B I e el B
Do. . | (262) Maung Xya Na . | Rubies . . E.L 1,3056 8th  August | Do.
: 1911,
Bagaing « | (263) Mr. Gerard Lovell. | Ironore . « P.L 28178 | 0th Febru- | Do.
ary 1911.
Balween . | (264) The Hon’ble Mr.
Lim Chin Teong, Asbestos . . BP.L . 8,968 litél;l May | Do.
Do. . . ] (265) Mr. W.J. Cotterell | Gold . . . P.L . 3,200 2tth August | Do.
1011,
Do. . . | (256) Mr. H. A. Foy Woltram . . P.L. . 8,200 11th Septem- | Do.
Do. . . |(27m Do. do. Do. . . BL . 5,200 | 30¢h October | Do.
1011,
Bhwebo . | (268) Mr. E.8. Attt . | petroleum . . P.L. . 1,020 81st May 1911 | Do.
. Do. . . [(259) Do. do. . Do. . . PL 8,200 21st  April | Do.
. ] 1911,
Do, . « | (260) The Indo-Burma x !
O petroleum Co., Ltd. Do. e BRI 120w, M| Do
Po. . | @81) The Indo-Burm 3 .
( Petrolcum Co., Ltd. s Do. . i P.L. : 5,120 12:2 g:f:em Do.
Southern Shan | (262) Mr. B. G. Rob 7'
States. on behalf of the porte | Coal .+ . PL 7,800 | 23 g | Do
algchi Gatena Syndl- | )
cate. .
Do. « { (263) Mr. A. C. Martin . | Copper and allied | P.L. . 8,120 8d  March | Do.
minerals. 1011, |
Do. . | (264) Nr. J. Dumoulin . | Gold, coiner and | P. L. 2,400 Slst  March | Do
other minerals. 1911.
Do. . | (265) Messrs. Foucar and | All minerals (ex- | P, L. 1,120
Co. cept oil). ¢ ’ ’ 1175}1'1{“"“"y De.
Do. « | (266) Messrs. A. C. Mar- | All minerals (ex- | P. L. ' 8,200
:1;:1 and C. H. DePaul- | cept mineral oil). l%'ilum Do.
De. » | (267) Measrs. A. C. Mar- Do. . | P,
tinand ¢. H. DePanl- L. ' 3,200 2(1”1;1111 June | Do

sen.

|
I
|

E. L.=Ezxploring Licenge.

P. L. Prospecting License,

M. L.=Mining Lease,
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BURMA—contd.
Nat t Date of
DIETRICT, Grantee. Mineral. ature of | Areqinacres. | commences Term.
grant. ment.
Southern 8han | (268) Mr. N. Samwell Gold, copper, tin | P. L. 3,200 26th June | 1 year.
tates. and allied miner- 1911,
als.
Do. (260) Mr. D. K. Macdo- Lead . P. L. 1,120 16th May 1911 Do.
nald. l
Do. (270) Mr. A. R. H. Ady All minerals (ex- . L. . 2,560 1 26th April | Do.
cept oil). (renewal). 11911,
® Do. . | (271) Mr. D. E. Bmyth . | Copper B . | P.L. 38,200 811:211 June Do.
Do. (272) Mr. F. H. Parry on Lf'ad. copper and | P. L. . 3,200 ! 15th  Janu- Do.
behalf of Dewalachi | other minerals | (rencwal). | “ary 1011.
Galena Syndicate. (except oil). \
Do. . | (273) Mr.D.E.Smyth . | Coal . PL .. naw \ 8th June 1011 | Do.
Do. . | (274) Thc Southern Shan | Mincrals and P. L. . | Astripofland | 4th Decem- | 4 years.
States Syndicate | mineral oil. (renewal). measuring 25 | ber 1911,
(1909), Ltd. miles in an |
air line or |
to the limit
of  British |
territory, \
whichever is
nearer on |
either side of
the Salween
river.

Do. . | (276) Maung Yaing . | Silverandlesd . | P. L. . 400 ! 2%};1 July | 1 year.
Do. (276) Liout.-Col. G. Rip- | Copper, lead, iron, - P. L. . 8,200 28th August | Do.
pon. antimony  and 1911.

associated miner-
als.
Do. . | (277) Mr. C. H. DePaul- | All minerals (ex- | P. L. . 1,440 8rd  August | Do.
aen. cept oil). 1911,
Do. . | (278) Lieut.-¢%ol. G. Rip- | Tin, wolfram and | P. L. . 2,560 20th August | Do.
pon. ssgociated miner- 1911,
als.
Do. . | (279) The Hon’ble Mr. [ All minerals (ex- | P. L. . 2,120 27th October | Do.
Lim Chin Tsong. cept oll). | 1011.
Do. . | (280) Mr. W. R. Hillier . | Antimony and | P. L 960 28rd October | Do.
other ores. .« 1011.
Do. . | (281) Do. do. . | All minerals o | EeLs « | Not known , Do. . Do.
Do. . E (282) Do. do. . Do. « | E.L B 17,920 Do. . Da.
Do. . | (283) Mr. F. H. Party on | Lead, copper, and | P. L. . 8,200 20th June | Do.
behalf of Dewalachi | other minerals. (renewn)). 1911,
Galena Syndicates
Tavoy . . | (284) Messrs. Radclit & | All minerals (ex- | P. L. . 2,722 23rd  March | Do,
Co. cept oil). - 1911.
Do. . . | (285) Mr.R.B. Levien . Do. et 1,886 &i}éu.hnuary Do.
] .
"'\1
Do. . . | (288) C. 8ein Thin . Do. . PL. . 2,308 4% January | Do.
11.

E. L.=Ezploring Licenss. P. L.=sProspecting License.

M. L.= Mining Lease.
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BURMA—contd.
' Date of
DISTRICT. Grantee. Mtneral. N"’“’&"‘ Aroa lo acres. | commences I Term.
ment, ‘
e - e
Tavoy . . ‘ (836«) Lim Klm Seng All mlnerals (ex- | P. L. 1,900 27th May | 1 year.
Bros. & cept oll). ]
Do. (337) Swee Scng & Co. Do. . ‘ P. L. 482 'lmh May
, 911. ‘
Do. (338) Ko Maung Gyl . Do. . n P. L. 2178 | 30th  Juno I Do.
Do. . (389) Chip Seng & Co. Do. . P.L. 846 l‘!&h June | Do.
b 1811.
I [3)
Do. (340) Ma Sein Daing Do. . l P. L. . 1,833 laah May | Do.
| 1011,
Do. (341) Maung Dwe Do. . l P. L. 1,440 12th June Do,
; 19011,
I
Do. . . | (342) Byan Mch & Co. . Do . PL . 2,608 7thJunc 1011 [ n,
Do. (343) Ong Hoe Kyln Do . | P L B 2,744 “l’;,lll Juno | Do.
Do. (344) Ma Sein Daing Do. . | P.L. . 1,244 1st Aprl) 1011 | Do.
Do. . ., | (345) Ma Thaw Do. . | P. L. . 2,800 18th May | Do.
1911.
Do. . . | (346) Mr.T.J. Mackay . Do. .| P L. . 2,856 2fgd May | Do.
11,
Do. . . | (847) Maung Dwe . Do. . P.L . 3,176 1st May 011 | Do,
.. . | (848) The Tavoy Conces- Do. . . L. .
Do. ( dons, 140, y P.L 8,200 1st July 1911 | Do,
Do. . | (849) Do.  do. . Do. . | P L. . 8,200 S}Sti lAuqult Do.
Do. . . | (350) Quah Cheng Gwan Do, .| BL . 82736 2:14:;}1 Angust . Do.
Do. . . | (881) Xhoo Tun Bysn . Do. .| P L . 2,300 “1'3'1'1 Aggust | Do.
. . .| (852) Lim Kyee Yan Do. . . . 1 .
Do. ¢ 32y i : P.L 8,108 1st July 191 Do.
Do. (353) 8an Saing Tin Do. . ’ P. L. . 1,282:80 | 2nd 8 - | Do.
I ' bor 19!
Do. . (354) Ong Hoc Kyin Do. " P. L . 2,797'12 l‘l’%}l‘l August Do,
Do. . (355) Xhoo Zun Nee Do. . P.L . 3,200 1st July 011 | De.
Do. . (356) The Tenasserim Do. . P.L . 2,784'08 | 19th August | Do,
Concessions, 1. | o 1011,
1 PR N
Do. . (857) Maung Pet . Do. .| P.L. « ] o 802240 | 28rd August | Do.
1911,
Do. . (358) Khoo Tun Byan . Do . P.L. . 3,086 1st July 1911 | De
Yo, . (359) Maung NI . Do. . P L. . 046'64 | 3th Septem- | Do.
ber 1911.
Do. . (360) Maung Shwe Mya Do. . P.L B 880 23'61111 Augwt | Do,

E. L. Exploring License.

P. L.=Prospedting License.

M. L.s Minfng Lease.

[} . - .
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BURMA—contd.
- Date of
DISTRICT. Grantee. Mineral. Nature of Area in acres. commence- Term.
grant. ment.
Tavoy . (861) Maung Pet . | All minerals (ex-! P.I. 2,015°60 | 23rd August | 1 year.
cept oil). 1911,
Do. . (362) Fakeer Mahomed . Do. . | P.L. 2,900 1st July 1911 | De.
Do. . (868) ChuLuYin. . Do. .| P L 1,416 1;31;1 July | Do.
Do. (sm The Rangoon Min- Do. P. L 8,200 22nd  July | Do.
ing Co., Ltd. 1911,
Do.®. (365) Messrs. Ba Thuang Do. .lpL 23708 | 1st August | Do.
Bros. & Co. 1911,
Do. . (866) Maung E Cho Do. .| P L 3,168-60 1;3};1 July | Do,
Do. . (367) San Salng Tin Do. A 1,625°10 | 8th Septem- | Do.
. ber 1911.
Do. . (368) Swan Huat & Co. . Do, . P L. 1,687'84 l%ih August | Dao.
Do. . (360) Xo Maung Gyl Do. , | P.L. 1,816°4 1131;] August | Do.
Do. . (870) Maung NiTo . Do. . {PL 2,410 2:;31; . July | Do.
Do. . (871) Khoo Sin Haing . Do. . I P.L 1,280 sxl-%u July | Do.
Do. . (872) Khoo Jin Talk . Do. .| P.L 2,830'88 stl)g}h August | Do.
Do. (378) Mr. C. A. Meredith | Do. | P I 8,072 1%1111 August | Do.
Do. (371) Maung NiTo Do. .| P. L. 8,172'64 znd 1s?im Do.
ber
Do. . (875) Ilm Kyee Yan . Do. .| B L 1,420°80 1%?1 August | Do.
Do. (876) M. A. Soorates Do. .| P L 1,225°12 Do. .| Do
Do. . (877) Xyong Nga . . Do. . | P L 2,376 Do. .| Do
Do. . (878) The Hitakares & ! Do .| P L. 2,921°20 | 6th Septem- | Do.
Co. ber 1911,
Do. . (879) Tan Shwe Cho . Do, .|l PL 2,076'10 siatl . August | Do.
Do. . 880) T 8in . Do. .| P 3,200 5th Septem- | Do.
¢ ¢ong Shwe Sin ! ber 1911.
Do. . (881) Mr. P. P. Murphy Do. < PL 2,256-00 1{3};1 August | Do.
- .
Do. . (882) Ma Thaw . . Do. .| P.L 3,100 nl)grh August | Do.
Do. . (888) Maung Po Thwin . Do. .| P.L 8,146-25 a};t August | Do.
Do. , (884) ChuLa¥in. Do. P. L. 8,200 2{31;1 August | Do.

R. L.=Exploring Lioense. P. L.=Prostpecting Lioenss. M, L.= Mining Lease.
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BURMA—contd,
l Dsto of
I Nature of .
DISTRICT. ‘ Grantee. \ Mineral. grant. Area in nores. comnt::\m?e- Term
- . L. . 60325 | 23rd August | 1 ycar.
Tavoy . (388) Quah Cheng Tock Agp?:)nﬁmls (ex- | P. S
Do | (386) ChuLaYin, . 1 Do. . PL ! 2,08720 | lil)(h August | Do,
X . ’ ; !
Do. . (387) Maung Tun Mya . ' Do. .| P.L. . 2,819°20 “ slagl.Allﬂlllﬁ Do.
1
g ' J Da,
Do. . \ (BBB) Mr. (. W. Chater . Do. | P. L 3,200 2};%”' uly 3
Do. (380) Messrs. Crlsp & Co. Do. . | P. L. . 8,200 Do. Do.
Do. . . L. . 1,280 8th July 1011.} Do.
Do. (390) Mecssrs. Mower & (renewal). .
3901) Messrs. Moolla Do. .| B L. 3,200 24th  August | Do.
bo. | € D;wood Sons & Co. ’ 1011.
Do. . | (392) Do. do. ' [ Do. .| B. L . 8,200 Do. ' Do.
Do. (303) Bulaiman Adamjl , ; Do. | B L. ol 3,200 Do. B Do.
Do. (394) Do. do. g Do. E. L. . 3,200 Do. .| Do.
. . | (395) The Egani Tavoy | Tin wolfram, | P. L. . 2,168'30 | 1st Docem- | Do
Do i Mining Co., Ltd. gold, and galena. ' terionl.
|
(8 - | P. L. . 1,344'56 | 22nd Decem- | Do.
Do- . (30%) Ong Hoe Kyl . ‘clip?i‘ﬁ‘i.”" ex ! bor 1911.
Do. + (397) Tan Shwe Che Do, .| P L. . 1,713'92 a%a'i Ichber Do,
i .
|
3 'P.L. 2,005°28 | 24th Novem- Do.
Do. y (398) Maung Hpaw . Do. i o
) . do. 3 | P. L. . 8,008:20 | 26th Novem- | Do.
Do. . ,; (399) Do. 0 Do. | X Sth N
I
I .A. R, . . BL 651:52 | 28th Novem- | Do.
Do. (400) Mr. A. R. Finlay . ! Do P. L 8th Nov
' P, L, 8,120 8th Novem- ;| Do.
Do. (401) Mr, C. Nash Do. | th Nor
. T.J. . . . PL . 8,190 28th Novem- Do.
Do. (402) Mr. T.J. Mackay Do i N
1
403) Messrs.  Moolla Do. .| B.L 8,200 | 11th October | Do.
Do- B wond B0k & Co, ' 911,
4) C. Boo Don , . . | P L. 1,600 27th August Do.
Do- (404) €. Boo Do (renewal) - 1911, |
g i \ LI BL 9,000 | 36th Novem- | Do.
Do. . 1 (408) Sulaiman Adamji . Do . g o
Do. . '! (408) Do.  do. po. LIEL L 3200 Do. Do.
P. L 2,048 | 5th Novem- Do
Do. ‘ (407) Tan 8hwe Cho ! Do. ' (renew.l) ) Lo
] . | P. L. 2,600 4th Decem- Do.
Do. . | (408) C. 800 Don , . ! Do. ' (renml) A ' L0,

y

. L.= Ezploring Licnse.

g

L.=Prospecting License. M,

L.=Mining Lease,
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BURMA—contd.
! I
i Date of
DIsTRICT. Grantee, : MineraL Nature of | 4y on i acres. | commence- Term.
‘\ grant. ment. .
Tavoy . (409) The Hitakaree &. All minerals (ex- | P, L, . 1,404°04 | 1st Novem- | 1 year.
| cept oil), (renewal), ber 1911,
Thaton . (410) Maung Sein 8we . ' Metal bearing ores | P . 2,660 12th May | To,
i (except oil). } 1811.
Do. . (411) The Hon’ble Mr. . Wolfram, gold, | P. L 1,292:8 30th August | Do.
Lim Chin Tsong. \ lead, sllver, etc. ] 1911.
!
Do. . (412) Mr, M. M. Hla | Woltram and | P. L. . 1,084 8rd  August | Do.
. Oung and 2 others. . allied metals. | 1911,
Do. . (418) Ong Ba Wet . Do. . % P.L Ll 2,432 2%1. July | Da.
} | 11.
| | ‘
Do. . (414) Maung Thein San . Do. ‘P.L. . 1,052 22nd Septem- | Do.
} ber 1911.
]
Do. (415) Mr: 8, Solaman . | Do. R 8 ) . 1,779'2 7th July 1911 Do.
Do. . (416) Maung Tun Yin | Do. P. L. 2,580 7th June 1911 Do.
1
Do. (417) U Shwe Hlaw and Wolfram, gold, P.L. 2,888 30th Scptem-: Do.
! 2 others, I lead, silver, ote. ‘ ber 1911. !
i
Do. . (418) Mr. M. M, Hla Do. P. L 1,459°2 30th August Do.
Oung and 2 others, : 1911,
Do. (419) Maung Pan E Do. . P.L . 2,016 éth Soptem- | Do,
. i i ber 1011,
Do. (420) Maung Thein 8an . | Wolfram,  gold, E P.L 2,073°6 12th Septem- Do.
lead, cte. ; ber 1911,
Do. (42D Messrs. hwo Oh | AN minerals (ex- | P.L. 4,012°8 | 15th October | Do,
Brothers cept oll). 1911.
Do, . (422) Maung Sein Swe . Do, P. L. 8,840 4th Novem- | Do.
ber 1911,
Do, (428) Maung PoTha . Do. P. L 1,748°8 18th Decem- | Do.
ber 1911.
Do. (424) Yeo Eng Byan Do. .| P.L. . 13,0264 22nd Novem-| Do.
ber 1911,
Do, . (426) Quah Cheng Guan Do. .| P L. 6,912 20th Novem- | Do,
. ber 1911,
Do. . (426) Ong Ba Wet . Do. } ‘ PL . 4804 | sth October | Do.
Do. (427) Mauang 8han Byu . Do, B [ P. L. . 9,120 28th Novem- | Do,
' ber 1811.
Do, . (428) Maung Tun Yin Do. P. L. 8,200 1%1;1 October | Do.
Do. . (420) Do, do. . Do. P. L. . 2,604'4 Do. . | Do.
- l
Do.’. . (430) Maung Pu , Do. L P.L, 2,482 1;!3}111 October Do.
Do. . (431) Mr. Lim Chin Tsong Do. P. L. 1,280 3;%1100tober i Do,
Do. . (482) Ma Chein . Do.’ P.L. 2,700 | 28th Novem-| Do,
ber 1911.

p. L.= Ezploring Ltmn P. L.=Prospecting License.

M. L.=Mining Lease.
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BURMA—contd.
Nature of Date of Term
DISTRICT. Grantee. Mineral. ;r:lnt. Ates In acres. eon;:::co- .
) . 1016 | 84 Novem- | 1 year.
Thaton. | 49 MemgPanT Ao (ex BT ber 1911.
‘ 216,480 18th Febru- | Do.
Thayetmyo (484) Ma Me . . M&l;ml':band pe- ‘\ E. L. )y ary 1911,
' f . 520 | 7th  Pebru. | Do
Do. . (43(;;0%;3\“1; Tun Aung ‘ Do, . ‘ E. L, 15 thy 1011,
! ; i Do.
Do. . | (436) Do. do. o Do. . EL . 0,600 Do. . "
‘ ’ Fobru- .
Do. . ) (487) Maung Tun . . | Petroleum . | E. L. . 18 at.lr:y 101:. .
| ‘ Do.
Menars., Finla Do. . . I P.L, . 8,760 sth January
. Do. ' ‘sl:c‘sl)emmg& Co., Agen : (renewal). 1011.
for Burma Oll Co.,
1td. . Do,
Do. . | (489) Shamuddin , . Doo. . . |PL . 2,380 ‘2%‘{:. May
Do. . ' (440) Mr. E. H. Cunnig- Do. . .| |PL . 4,480 wé'h May | Do
ham Onlﬁ. Agent for 1911,
Burma Oil Co., Ld.
Do.
. 41) Messrs,  Finlay, Do. . .| P L. . 960 10th  May
Do ¢ O ning & Co, Agent (renewal). 1011,
. for Burma O Co., Ltd,
| o |1stn  Juy | Do,
Do. . : (442) The Burma Oil Co,, Do. . .| P.L. . 8,84 Nout
| L, ‘ ‘ .
! ! N -3 1,1004 |nd  June | Do.
Do. . ‘ (448) Shamuddin , N ‘ Do p(‘g,n S l .
| ‘ October | Do.
. Messars, Finla Do. . | PeL. . 2,860 23rd
Do - 1 U ming & Co., Agents | (renowal). | 1011,
\ for Burma Oil Co., Ltd. i
! . do. . Do. AP L . 8,200 23rd Novem- | Do.
po- - | po ° (renewal). | ber 1011.
‘ Do
. do, B Do. . f . L. B 640 Do. . .
Do. i (446) Do o s cwal). ‘
\ it po. . .|PL . 00 | 30th August | Do.
Do. , | (447) Burma Oil Co. . e mal): PN
. . . . . « | P.L, . 1,440 29th August | Do.
Do.” .| (8) Do do Do (renowal). 1911,
Indo-Burma Petro- Do. . .| P.L. . 1,280 15th July | Do.
Do- “%%m Co., Ltd. (renewal). 1911,
Toungoo (450) Mr, F. H. Parry, | Galena . . | ML, . 820 1st May 1909 | 30 yeant
* Managing Agent,
Dewalachi Galena
Syndicate. »
Do. , | (451) Messrs, Mower & | Gold . P L . 1,405°60 | 3rd May 1911 | 1 year.
Co.
E.L. . | Toungoo Sub- | 15th August [ Do
Do. . | (452) Maung PoHtu , | Allkinds of metals roungoo sth,
. RS A and | 4th October | Do
Do. . | (458) Maung Nyeln . Do 4 Pgt‘:lwe e
Towmglpl.

B. L.=Esploring License. P. L.mProtpecting Iicmss. M. L.wMinin 7eve-
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BURMA-——concld.
Date of
DeTRIOT. Grantee. Mineral. Nature of | sreainacres, | commence- | Term.
grant. ‘ ment.
Upper Chind- | (454) The Indo-Burma | Petroleum . .| P L 17,020 1 26th June | 1 year,
win, Petroleum Co., Ltd. { 1911.
Do. . | 465) Do. do. Doo. . .]|E.L 1,280,000 21st April | Do
- F1om1,
Do. « | (456) Mr.J. W, Parry . | Minerals and | E. L. 10,240 . 17th October | Do.
raineral oil. 1011
Do. . | (467) Do. do. . Do, .| B. L 10,240 17th October | Do.
. 1911,
Do, .+ | (458) Mr. B. N, Burjorjes ;| Al) minerals .| P.L. 82,000 . 16th Novem- | Do.
ber 1911,
CENTRAL PROVINCES.
T
Balaghat « [ (459) Diwan  Badadur , Manganese . LML . ! 12 1st  Febru- | 80 years.
Kasturchand  Daga. ’ ary 1011,
Do. « | (480) Mr. Byramji Pcs- Do. . P. 1. 204 7th January | 1 year
tonjl. 1011,
Do. + | (481) Messra.  Schroder, Do. . .|EL 105 | 24th Febru- | Do.
Smidt & Co. . ary 1911,
Do. « | (462) Do. do. Do. .| B.L. 108 [ Do. . | Notstated.
De. . | (463) Lalla Ganesh Prne Do .| eL 188 | 10th Febru- | 1 year.
sad and Janki Prasad. | ary 1911,
Do. + | (464) Mr. Byramji Pes- Do E. L . 98 7th  January Do.
tonji. 1011,
Do. (465) Indian Manganese Do. . .| P L . 696 ! 23rd  March | Do.
Company. ‘ 1011, ’
Do. . | (4¢8) Mr. Byramjt Pes- Do. P. L . 332 | 7th January| Do.
tonji. I 1011,
Do. (467) Do, do. . Do. B 5 P 81 | 10th Decem- | Interim
(renewal). l ber 1910. E erfod
i uring
the. ex-
\ iry of
he I8
f cen 8e
| and the
exocus
tionot o
mining
leaso,
Do. . | (468) Do. do. . Do. . .1 P L . 56 10th Decem- | Do.
. ber 1910,
Do. . | (469) Mr. M. B, Chopra . Do. . . . L. . 422 2nd February | 6 months,
(renewal). 1811,
Do. . | (470) Babu Kripashankar Do. . .| P.L. 514 1216}11 March Do.
1911,
Do. +’| (471) Rao Bahadur Do. . . { B.L. . 1,638 28th J
Narayan Rao Kelkar, 1911, une | 1year

E, L= Ezploring Idcenss. P. L.=Prospecting License. M. L.=Mining Lease.
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CENTRAL PROVINCES—conid.
Date of
Nature of enoe Term.
DINTRICT, Grantee. Mineral grant. Ares Inacres. | % "
— —— T [
¥ feurl‘_- ang 10th April | 1 yoear-
Balagha 72) M , Schroder, | Manganese . E. L. . 450 )
¢ “ szlldt & Co. - 1911 ; -
easrs, R. K, Do. . P. L. . 134 20th ane J
Do (‘gt)xu‘l%mey & Sons. - 1911, oo,
Do, (474) Mesars. Schroder, Do. . B. L. . 160 oth April 1911
: Smidt & Co. .
Do. . | (475) Do. do. . Do. . P.L. . (117 Do. . .
Do, “ o | (476) %Ir Byramji Pes- Do. . P. L . 186 nd May 1011 Do,
tonjl.
Do. .l um Do, do . Do. . P.L . ] Oth April 1011 | Do.
Do, . | (478) Lala Gsnesh Prasad Do. . P.L. . 338 6th July 1911 | Do.
T Janki Prassd & Bros. -
. 18th N .
Do. . | (479) Mr. Byramji Pes- Do. - r(.'l.. N 20 $th Nove by
tonji. enewal umle e
required
for exe-
ention of
Ba
ease
plied for.
1 year.
Diwan _ Bahadur Do. .| P L. . 390 14th June
Do. * “Bé):stm'ehlnd Dags. 1011,
ungor . . 114 26th  June | 6 monthe.
Do. (481) Mr. E.C. D (] Do. . . P‘.g-m".‘). YO
. 4th 8 - | Wil ex-
De. - | e BalBet - B Rkl = I pe vith
FNetu Manganese Co.), f » oo
X3 01
datoe
18tk
Auguosl
; 1008.
July | 1 year.
438\ Mr. B. K. Chulla- Do. . .| P.L . ° 27th
Do * | Yy & 8oms. 911, N
Kanf 18th  Jul yeoars.
Do. (tsrt.) Mr. T. B. tha- Do. .| M. L. . ® i1, y
Do.
Sahib Mathure- Do. .| M. L. . 7 1sth  June
Do. (485) Bal abib Mad i
‘Netra Manganese Co.).
yram] ' August | §years.
Do. . (“tg)nj ];k B i Pes- Do. .| ML, . 8 hﬁ‘n. ’
' o ” . m
Do. (487) Centrsl India Min- Do. .| ML . 160 1:" lw 1
ing Co. . MM:
days.
) 20 yoars |
Do « | (488) Do. do. N Do. M. L. . 10 Do. o n th
sad §
days.

B. L.=Baploring Lisense. P. Lne=Prospecting Liconss.

M, L.om Mining Loatt,
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CENTRAL PROVINCES—contd.
Date of
DrsTRIOT. Grantee. Minerad, Nature of ] Area in acres. | commence- Term.
grant. ! ment.
—_— N o
Balsghat | (480) Seth Mahanandram | Manganese . | P.L. . | 59 27th  July | 1year
8heonarain. t i 1911.
Do. + | (490) Mr. E. C. Dungore Do. . E.L i 83 2:&!;1 August | Do.
| ' .
Do. . (4911 Indian _ Mineral Do. D EL ] 746 30th Septem-| Do.
Mining Syndicate. : ber 1911.
Do .| (492) Do. do. . Do . .IEBL .| 915 Do. Do.
i !
e Do. (498) Scth Balikkram . | Red Ochre . . | P. L. s 126 26th August | 6 monthe,
\ | (renewal). ' 1911. .
Do. + | (494) Rao Sahib BHiralal | Manganese , . PL . ‘ 698 15th Septem- | Do.
Sukul. ; | (renewal), ! ber 1611.
Do. (495) Babu Kripa Shan- |  Do. ‘pr. 112 | 26h Septem- | Do,
kar. ‘ (renewal). | ber 1911.
Do + | (496) Messrs. Dutt, Burn | Manganese and | M. L. 289 12th October | 80 years,
& Co. | “iron. 1011,
Do + | (497) Lals Ganesh Prasad | Manganese . M. L. 70 | 7th Novem- | Do.
and Janki Prasad. , ber 1911,
Do, - | (498) Ral Sahib Mathurs-| Do, . ML . 108 | 4th October | Do.
rasad and Motilal 1911.
Nvtra Manganese Co.). '
Do. « | (499) Jubbulpore Pros- Do. . .|ML ! 175 30th Novem- | 15 years.
pecting 8yndicate . L ber 1911.
Do. + | (500) Mr. M. B. Chopra . Do. .| P.L. 84 1mlombu 1 year.
Do. « | (501) Mesars. Schroder, Do. . L. . 5 ist Decem- | Do.
¢ Sn)ddt&Oo. B-L . | é‘ ber 1911.
Do. + | (602) Mesers. Ganeshram Do . .|PL o 16 16th October | Do.
Sheopratap & Sons.. i TN
1
Do. . { (508) Rai Sahib Hiralal Doo. . .|{P.L .\ 80 Do. .| Do
Sukul. ;
Do. . | (504) Hon’bleMr. M. B.| Do. . .|P.L \ 568 | st Decem-| Do.
Dadabhoy. ber 1911.
Do. . | (306) Mr. Byramji Pes- Do. B L) 455 16th October | Do.
tonfi. 1911.
Do. «](506) Do. do. Do. . . P L . 19 24th October | Do,
(renewal) 1911.
Do. (807) Do, do. . Do. P. L. . 2 Do, . | 6 montha,
(renewal). i
Do. (608) Mr. Rambijas Mur- Do. .| P.L. o 88 Decem- | 1 year.
u&m. (renewal). ber 1911,
»
Do. « | (509) Do. ‘do. . Do. . .|P . 8g Do. .| Do
' (rkmnl).
Do. v | (510) Do,  do. . Do. . .|PL . 10 Do. .1 Do,
(renewal),
Betdd . . [(511) Mr.P.B.Csmexon { Gost . . .| B.L . 054 11th March | Do.
e} (renewal). 911,

E. L.=Baxploring Liconss. P. L.wProspecting Licenss. M. L.=Mining Lease.
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CENTRAL PROVINCES—contd.
Nature of Date o:& Term
men .
DISTRICT. Grantee, Mincral, grant. Area in acres eon:n men
. L. 8,107 1st April 1911.| 1 year.
Betul . (512) Mr, P. E. Cameron v Coal . P(renewnl).
' Rencwed
hite . P. L. . 01 ith January
Do. (513) Seth Lakhmichand | Graphite (ronewal). 10, 5'2[“:.:;5
1912,
880 25th January | 1 year.
. 514) Messrs. Ramprasad | Manganese . P.L. . 9T
Bhandara ( an)d Lakshminarayan. . C
[} 15th Decem- | 3 years.
Do. . (51N5)k11ur. P. Balkrishna Do. . M. L . Sth Do
aldu.
ear.
Do. . | (16) 1Ilvlr. Byramji Pes- Do. . P.L. R 9 sgglll"'ebmry 1y
tonji.
Do. . | (617) Do. do. . Do. . E. L. . 34 Do
' Sth Fobrua Do.
Do. L, (51‘18;‘)s Seth Gowardhan- Do. . P. L. B 39 m"c.; ruary
' ot roh Do.
Do. (5%) Seth Motilal Sahu- Do. . P. L. . 200 219';1. Ma
r.
193 22nd  April | Do.
20) Messrs. Brahma- Do. . P. L. . '
Do. k. da)tta and Baijnath. 19'11
106 26th May Do.
Do. (621) Do. do. . Do. . P.L. . N
Do. ‘ (522) Mesers. Schroder, Do. . P. L. . 205 6th May 1911 Do.
Smidt & Co.
Do. (523) Mesars. Brahma- Do. . P. L. . 97 2%!9\1]11. Apil | Do.
o datta and Baijnath
Do. (524) Mr. Lakshman Da- Do. . P. L. . 83 Do. . ] Do.
! modar Lele.
Do. (625) Messrs. Lalbihari Do. . P. L. . 3 2nd May 1911 Do.
and Ramcharan.
Do. (526) Seth Gawardhan- Do. . E.L. . 1,286 5th April 1911 | Do.
das.
18th Septem- | Do.
Do. (5213)13;1‘[]:. P. Balkrishna Do. . P.L . 163 Sth mt;;;'
aidu.
Do. (528) Messts. R. K. Chu'- | Asbestos . M. L . 89 lfgllll.Au_gmt 80 years.
laney & Sons.
8th uly | 1 year.
Do. (5233 Seth Gowardhan- | Manganese . P. L. . 72 11911. July ¥
Do. (630)' Diwan Bahadur Do. . P. L. . 9 2:3!111' July | Do.
Kasturchand Daga. .
9 Do. .
Do. (531)ldl=1r. Byramji Pes- Do. . P. L .
tonji. .
oAls.
Do. . | (5632) Hon’ble Mr. M. B. Do. . M.L, . 62 2‘1181;1 June | 80y
Dadabhoy. -
Do. . | (633) Meesrs. Kasam- Do. . P. L . 108 1%%};1. July | 1 year.
bhoy, Gopaldas and .
Mahadeo Seth. )

B. L.-=Exploring Licenss. P. L.=sProspecting Liosnss.

M. L.=Mining Leass,
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CENTRAL PROVINCES—contd.
Date of
DISTRICT. Grantee. ‘ Mineral, Natare of Area inacres. . commence- Term.
‘ grant. ment.
Bhandara (534).Mossrs. Schroder, l Mangancse P.L 194 ! 16th August | 1 year,
Smidt & Co. 1911,
I
Do. (535) Mr. Byramjl Pes- Do. E. L. . 908 | 26th  July | Do.
tonji. J 1911,
Do. (536) Mr. Madhulal Du- | Do. . P.L . 2 | 1stJuly1011. | Do.
gar.
Do. (637) Mr. Ramprasad Do. . ¢ P. L. . 446 22nd June | Do.
® and Lakshminarain, (renewal). | 1911.
.
Do. (538) Mr. P. Balakrishna Do. . P.L. 197 | 13th  Jume| Do.
Naidu. )1 1911.
Do. (£30) Mr. Byramjl Pes- Do. . P. L. 10 | 18th Septem- | Do.
tonji. ! ber 1011.
Do. (640) Do. do. Do. . EL ., 9 | 19th Septem- | Do.
| ber 191l
Do. . | (541) Mesers. L. R.Ram- | Do. . P.L. . 450 | 9rd  August | 6 months,
chandra & Co. (rencwal). ’ | 1911,
Do. (542) Mr. P. Balkrishus | Do PL . 113 | 13th August | 1 year.
Naidu. ! [ 1911,
Do. (543) Scth Motiial Bhal- Do. . P. L. . [ 22nd Septem- | 6 months.
rolal. (renewal). ber 1911,
Do. (£44) Mcssre. L. R. Ram- Do. .| P L . 305 20th Septem- | Do.
chandra & Co. (renewal). ber 1911.
Do. . | (€45) B8ir Kasturchand Do. . . | M. L. 39 1st November | 30 years.
Daga. 1911.
Do. . | (646) Mesars. Lalbihari Do. . . | M. L. . 200 30th Novem- | Do.
and Ramcharan. ber 1911,
Do. . | (647) Mr. Byramjl Pes- Do. . .| P L. 125 7th Novem- | 1 year.
tonji. ber 1911,
Do. . | (£48) 8ir Kasturchand Do. . . | P L. . 7 4th Novem- | Do.
Daga. ber 1911.
Do. « | (849) Messrs. L. R. Ram- Do. . | P L 24 16th OQctober | Do.
chandra & Co. 1911,
" Do. . | (660) Mr. Dhawakmal Do. . . EL . 11 Do. Do.
Ganpatlal.
Do. » | (661) Messrs. Lalbihari Do. . .| E.L. . 96 6th December | Do,
and Ramcharan. 1 1011,
Bilaspur . | (§52) Mr. E. Nagannah | Red Ochre . Sl poL. . 41 ! 4th  March | Do.
Naidu, { 1911,
Chhindwara . | (558) Ral Sahib Mathura Manganese . . | M.L . 26 | 28rd  March | 30 years.
Prasad & Co. 1911, :
L]
Do, . | (664) Do. do. . Do. . M. L . 20 Do. . Do.
Do. « | (665) Mr. Byramji Pes- Do. . .| P.L . 172 6th January ' 1
tonjl. 1o1r, Y i lyer
Do, « | (666) Messrs. Salpekar Do. P.L. . 255 23rd i
and Kartarbaksh and To1r, Mereh | Do.

SBeths Motilal and
Lakshmichand.

E. L.=Ezxploring Liconse. P. L.=Prospecting License. M. L.=Mining Leuse.
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KLt

Grantee.

DISTRICT.
Jubbulpore .
Do. .
Do. .
Do .
Nagpur .

Do. .

Do. .

Do. . .

Do.

Do. .

Do. .

Do. .

Do. .

Do. .

(808) Mr. Byramjl Pes-
tonji.

(607) Bombay Prospect-
ln% and Mining Syndi-
cate.

(608) Mr. M. Gupta .

(609) Measrs. H. F. Cook
& Sons.

(610) Mr. T. Cooverji
Bhoja.

(611) Indian Mangancse
Co.

(612) Messrs. P. 8. Kot-
wal and 8, R. Naidu.
(613) Do. do. R
(614) Seth Motilal 8ahu-

Kar.

(816) Rai  Sahib D,
Lakshminarayan,

(616) C. P. Oriental Min- |

ing and Prospecting
Syndicate.

617 Do. do. .

(818) Nagpur Manganese
Mining S8yndicate.

(619) Messrs. Lalbiharl
Narayandas and Ram-
charan Shankarlal.

(620) The Central India
Mining Co.

(621) Mr. Lakshman
Damodar Lele.

(622) Central India Min-
ing Co.

(623) Do. do, .

(624) Mr. Byramji Pes-
tonji.

(625) Do. do. .

(626) Mr. Lakshman

Damodar Lele.
(627) Hon'ble Mr. G. M.
Chitnavis

(628) Hon’ble Mr. M. B.
Dadabhoy.

Mineral. grant.

Nature of

Area in acres.

Red Ochre , . | P. L.

Iron and bauxite . | E. L.

Soap-stonc . . | B. L

1

Do. . .|ML

Do, . o [ M. L.

Do. . . | M. L
Do. . ° P. L
Do. . . | M. L
Do. . . | P. L
Do. . .| E. L.

P. L.

Bauxite . .| P L. .
(renewal),

Manganese « | M. L. N
Do. . . | MLL. .
Do. . .| PL .
Do. . <P L .
Do. . . P L .
Do. . . | M. L .

P. L. .
(renewal).

17

4,923

70

109

250

367
26

39

142

18

7¢

108

1,660

3,172
ki

97

801

130

87

Date of
commence:
ment.

17th Novem-
ber 1911.

6th Novem-
ber 1911.

26th October
1911,

16th Decem-
ber 1911.

18th Febru-
ary 1011,

28th  PFebru-
ary 1911,
10th Jan
1911, uary
Do. .

18th Febru.
ary 1911,

17th Jan
1011, mv

Srd  Maroch
1011,

16th March
m.

Eth January
1011,

18th Febru.
ary 1011,

17th January
1012,
7th January
1011,
4th January
1011,

Do. .
oth
1911,
10th January
1911.
4th Janua
1911, i
1st February
1911,

17th Decem-
ber 1910.

Term.

1 year,

30 yoars.

1 year.

10 years.

1 year.

80 years.

1 year.

6 months,

E. L.=Ezploring License.

P. L.w=Prospecting Lictnse.

M. L.= Mining Leass.
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CENTRAL PROVINCES—contd.
Date of
DISTRIOT. Grantee. Mineral. N;::;% of | Area in acres. commence- Term.
) ment.
Nagpur (620) Hon'ble Mr. M. B. | Manganese . P. L. 198 24th Decem- | 8 months,
Dadabhoy. ber 1910.
Do. (630) WMr. Lakshman Do. . B. L. 19 19th
Damodar Lele. l{)ll?mmmy 1 year.
Do. (631)' Mr. A. Hanmant Do. E. L. 47 1st February | Do.
Rao. 1911,
Do. . (632) Hon'ble Mr. M. B. Do. E. L. 83 23rd  March | Do.
° Dadabhoy. 1911.
Do. . (638) Mr. Lakshman Do. E. L. 168 9th  March | Do.
Damodar Lelc. 1911,
Do. . (634) Nagpur Mangancse Do. P. L. . 190 1ith Decem- | 6 ,
Mznlng Syndicate. (rencwal). ber 1910. months
Do. . (633) Do. do. B Do. P. L. 355 15th June | 1 year.
1911.
Do. . (838) Indian Manganesc Do. . . P. L. 101 20th June Do.
Co. 1911,
Do. . (637) Messrs. Bahmansha ‘ Do. M. L. 40 20th May | 30 years.
Fouzdar Brothers. ‘I 1011.
Do. (638) Mr. Hariram Sita- | Do. P.L 358 0th May 1011 | 1 year.
ram Patel.
Do. (839) Mr. P. Balkrishna Do. P. L. 108 11th May Do.
Naidu. 1911.
Do. ., (640) 8eth Motilal Bahu- Do. . P. L. . 7. 26th Aprd! | Do.
kar, 1911.
Deo. . (641) Meesrs. Lalbihar Do. P. L. . 19 20th May | Do.
Narayandas and Ram- 1911,
charan Shankarlal.
Do. (642) Mr. T. B. Kantha- Do. . P. L 125 12th J 3
ria  (Indian Mineral 1911, une | Do
Mining Syndicate).
Do. . (643) Do. Do. Do. . P. L. . a7 Do. Do.
De. (644) Messrs. Radha- Do. P. L. 400 16th May Do.
kishan Brothers. 1911,
Do. (645) Mr. P. Balkrichna Do. P. L. 160 Tth June Do.
Naidu, 1911, ,
Do. (646) Messrs. Bahmansha Do. . M. L 131 ‘ 20th Ma 3 N
Fouzdar Brothers. 1911, ¥ | 80 years
Do. (847) Nagpur Manganese Do. . M. L 37 27th  March | 5 .
Mtnlng Syndjeate, * ’ 1911. years
Limited,
Do. (648) Mr. T. B. Kanthar- Do. PL 257 12th  Jun
ia (Indian  Mineral 11, U ° ! 1 year.
Mining 8yndicate).
Do. (649) Ral Bahadur Do. M. L 13 12t
Bangilal  Abirchand, Jthy, My | 30 years.
Mining Byndicate.

E. L.= Ezploring License.

P. L.=Prospecting Iicense.

M. L.== Mining Lease.
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f
Nataure of Date o
. , Area In acres. commenoce- Term.
DIBTRIOT. Grantee. Mineral grant. mmen
050) Hon’ble Mr. M. B. | Manganese . . » M. L. . 88 12th May | 30 years,
Nagpur ¢ Dadabhoy. 1011.
Do. (651) Deo. do. Do. M. L. 128 Do. Do.
Do. (652) Mr. Lakshman Do. P L [} 24th April | 1 year.
Damodar Lele. 1911,
. 653) Mesers.  Lalbihari Do. E.L. - 360 18th  Aprll | Do.
Po ( N:)lray:;das and Ram- 1011,
charan Shankarlal. .
L)
Do. (654) Hon’ble Mr, M. B. Do. M. L. . 25 12th May | 30 years.
Dadabhoy. 19011.
Do. . | (665) Po. do. Do. .| P L. . 170 “1”6’1‘1 June | 1 year.
Mad d . . .| 2. L . 316 19th May | Till such
De. (GBstgegmn“h y:"n.mm T Do . 011, time »
uired
for exe~
¢ oution of
mining
lease ap-
plied for.
. 657) Diwan _ Bahadur Do. . .| P L. . 093 22nd  May | 1 year.
Do ¢ K)uturchlnd Dagsa. 1911,
. 658) Hon’ble Mr. M. B. Do. .| P L. B 284 20th June | Do.
- ( Dzdﬁbmy' Ma Do P.L 190 o 6 months,
Do. “ggznlnzggxdm?g"” ) " | (renewal). ber 1010,
. 660) Central India Min- Do. JIRL 250 15th  June | 1 year.
Do ( ln& Company. 1011,
Do. (661) 8eth Motilal S8ahu- Do. .| P.L . 108 15th June | De.
kar. . 1911,
. Measrs. Gaurl Dutt, Do. E.L . - 808 19th May Do.
' Do (mglneohm * an 911,
D’Conta.
. , Lakshman Do . ,|EL . 119 10th  Aprdl | Do.
Do. O e iar Leio, 011,
3 Nagpur Manganese Do. | P.L [ ] i5th  Aprll | 3 moathe.
Do mﬂnm;?ynmantg.' (renewal), 1011,
. do. . Do. . JjPL . 08 Do. .| Deo.
" . o uno :ubmm Mangsnese  and e 128 | 20th  May | 1yesr
e eSsTs. i1 AN o dae . 'y
Do (mznymd.u and Ram- | other minerals. 1111,
,. charan S8hankarlal
Do. " (687) Mr. Bysamji| Do. . . |B.L . 3% |oth  Msy| Do
| ( Pe)ltonil. ‘ 1911.
i .
; ur Manganese Do, .. . |BL . 8 15th Jume | Do,
Do. i (”ua N“gyndiute. 1911,
. .{P.L N 143 23rd May | Do.
Do (&) Do. do Menganese (renewal), 1911,
Do, (¢m) Do. dou . Po. ., .|BL . 52 1:%1 Mey | Do
/

E. L.mEoploring Liconss. P. L.wProspecting Licenss.

M. Liw M ¢ ning Lense.
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Date of
DISTRIOT. Grantee. Mineral. N“;'::::‘ Area in acres. commence- Term.
. ment.
S U - - ) HNU
Nagpur (671) Nnggur Manganese | Manganese . P. L. | 25 23rd May | 1 month.
Mining Syndicate. (renewal). ; 1911.
Do. (672) Mr. Hanmant Rao Do. E. L. . \ 81 8th June | 1 year.
) 1911.
Do. (6782 Indian Mineral Do. P. L. . 192 4th July { Do.
Mining Syndicate. ‘ 1911.
Do. . | (674) Indian Manganese Do. M.L. ol 188 27th June | 80 years.
L4 Company. ¥ : 1011,
i
Do. (678) Mr. P. Balkrishna Do. P.L . 487 26th August | 1 year.
Naidu. i 1011.
Do. . | (676) Messrs. R, K. Chul- Do. P. 1 : 285 4th July | Not
laney and Sons. 1911, atated.
Do. . . (877) Mr. Laxman Dam- Do. .| P.L ‘ 266 27th Septem- | 1 year,
! r Lele. « ber 1911.
. . 1
Do. . | (678) Messrs. Lalbihari Do. P.L. o 92 28th  July | Do.
|~ Narayandas and Ram- i 1911.
| charan Shankarlal.
Do. « | (679) Mr, Shamji Mad- Do, . | M.L . 70 14th July | 30 years.
i hoji 1911,
Do. .+ | (680) Hon'ble Mz. G. M. Do. . P.L. . 1,702 14th August | 1 year.
Chitoavis. 1911,
De. . | (681) Mesars, Lalbihari Do. . .| P.L . 65 28th July | Do.
and Bamobaran. 1911,
Do. .| (088) Mr, T. B. Kan- Do, . .1 P.L . 185 18th July | Do.
tharia. 1011, .
Do, .| (e88) Do. do. . Do. .| P.L. . 59 Do. Do.
Do. « | (684) Central Provinces Do. ., . BL . 82 Do. . .
Orlental Mining Byndi- Do
cate,
. Do, .1(685) Mr. Laksbman Do. . P. L, . 89 27th 8 Do °
Damodar Lele. tember loolpl..
* Do. . | (6868) Nagpur Manganese Do. . M. L. . 1 oth 8 10 \
Mining g)yndlctte. tember lﬂﬁ: yoars
Do. .| (@87 Mr. T. B. Kan-| Do. . . .| P.L. . 70 | 18th  July | 1 year.
tharia, 1 o, Y
Do, . | (088) Mr.8. 0. Holmes ) Woltramite ,, | P.L. . # | 7h Jan tori
and Mr. Byramji Pest- | (renowal), . 1911, uary | In ° rli o%
onji. { aring
! the oxo-'
H |
. | i
o ; censs and
| the exe-
cution of
& mining
i leasge,
Do. + | (689) Mr.Govind Rso | Manganese. . | P.L. . 284 26th
Baji Bac. Jony, A8t | 1year.
Do, - | (600) Central Indla Min- | ' Do T LlRL 2 | esth ’
e . . . s .
ing Gompany. , tember 1033, | OO

B. L.=Zazploring Liosnss. P. L.m Prospeching Licenss. M. L= 2ining Loass,
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Nature of Dateot |’
tee. Mineral. Ares inacres. | commenocs Term.
DISTRICT. Gran grant. oy
Chhindwars . | (567) Mr. Byramjl Pes- | All minerals .| B.L. 59 6th January | 1 year.
ton|i. 1911, .
. .. N E 3 S 0 216t Pebru- | Do.
Do. . | (668) Do do Manganese e
Do. . | (550) Messrs. Gauri Dutt, Do. .| BL . 87 27th  March | Do,
Do ® uzneemT& CAI ! 1011. !
po. °.|(560) Do. do. Do. .| PL a0 |whMsylo11 | Do |
» :
Do. . | (561) Hon'ble Mr. M. B. Do. . . | P. L. . 4“8 9th June 1011 | Do.
' " Dadabhoy.
. . Do. P. L. . % 3rd Do.
Do. . | (562) Do. do L
Do. . | (568) Do. do. . Do. . . P L . 20 Do. .. De.
Do. . | (564) Do. do. . Do. . . B L. . 58 'ﬁ'h Juone | Do.
Do. . | (565) Do. do. . Do. B P.L. B 268 lg&l Apeil | Do,
. Gaurl Dutt, Do. . . E.L B 650 9th May | Do
Do. * ‘“c?.’m?.%"m“ A 1911,
D' Costa.
Do. . | (567 Do. do. . Do. . .|P.L. . 48 :;lgrlnl June | Do.
3 Hon’ble Mr. M. B, Do, P L f 207 $6th Do,
Do ' (“lgldagl?oy. e ) ber 1913
Po. (569) Mr. Bhopat Rao Do. . . {P.L . 230 «l.tonu Avgust | Do,
. . | (670) Hon'ble Mr. M. B. Do. . .l e L. . 159 s7th July ! Do.
Do ( Dzd.lbho)'- . 1911. ‘
. . | (671) Mr. B; 1 Pes- | All minerals «{ ELs B 120 st Do.
| o o ol
. . | (672) Hon'ble Mr. M. B. nese . .| P.L . m s7th  July | De.
Do O adabho. Masgn P.L oh. |
Do. . | (578) Do. do, . Do. . P L . 118 Do. . Do.
Do. . | (§74) Do. do. . Do. . . \PL . m Do. »{ Do |
Do. . | (678) Do. do. ., Do. . .| P L . t i Do. . Do.
.
Do. .| (676) Do. do. . Doi ¢« .| PL . 298 Do. .| De.
. Messrs. Ganri Du Do. . R L . 7 15th July | Do.
Do (smneshhl and D'cont:t.' . 1011,
Do. . Mr. Byramji Pes- Do. . . | P L. . 844 N Do.
“%L' ber 1011, .
Do. .| (579) Central India Min- P. . .|PL . 110 Do.
,( inz 0Oo. 1911.
{ Do. .|'se0) Do. do. Do. . | BL . 148 Do. .| D'
Do. .| (569 Do. -do. Do. . .|BL . 18 Do. .| Do
E. L. Roploring Lisonss. P. L. Prospesting Liowmsw. M. L.w Mining Leste.

.
- - hd
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Date of
DisrRICT. Grantee, Mineral, Ngﬁ%_“ Area in acres. commence- Term.
- ment.
— - _ - 1 — _ _—
Chbindwara . | (582) Hon’ble Mr. M. B. | Manganese . P. L. ‘ 64 31st October | 1 year.
Dadabhoy. | 1911.
Do. (583) Do. do. Do. . P.L . 95 7th Novem- | Do.
ber 1911. A
Jubbulpore (584) The Bombay Pros- | Bauxite M. L i 420 9th Novem- | 30 years.
g;«l:lt;jng“eand Mining ber 1910.
o Do (585) Mesars. H. F. Cook Do. . L. . 288 16th Decem- | 1 year.
& Sons. (renewal), ! beg 1010.
Do. « | (586) Mr. M. Gupta, Bar- | Steatite, soap-stone| P. L. o 216 20th Segthm- Do.
at-Law. and talc. I ber 1910,
Do. . ! (687) Messrs. Byramji, | Manganese . E.L. ! 121 srd April 1911| Do.
Pestonji & Co. . R
Do. . . (588) Do. do. Do. E. L. 52 Do. .| Do.
Do. . 1 (689) Do. do. Red Ochre . E.L. 6 23{;}1 Masy [ Do.
1911.
Do. (500) Do. do. . | Copper E. L. 151 Do. Do.
Do. (691) Do. do. . | Yellow Ochre . | E. L. 158 5th May 1011 | Do.
Do. . (592) Do.  do. . | Red Ochre . E.L. 17 zasdl May | Do.
1911,
Do. (508) Mr. Byramjl Pes- Do. . I BL. 8 28th  Jul Do.
tonji. 1011. o
Do. . | (504) Do. do. + | Manganese .| P.L . 52 aizt.l . July { De.
Do. -. . | (505) Mrs. D. H. D. Tur- | Copper, tin, silver | P. L. . 168 30th Septem-| Do.
ner. llll) areenio ore. . ber 1011,
Da. . | (608) Mr.P.O.Dutt . | Manganese and | P. L. . 275 23rd  August{ Do
{ron. 19011,
Do. « | (607) Mr.T. B. Kantha- | Manganese. . | P.L. . 284 2th  July!| De.
ria. l 1911,
Do. +  (598) The Bombay Pros- ' Steatite, soap-stone| P. L. . 848 21st X
! Seot.lng and Mining ' and talo. ¥ 1011, Aprit ) Do
I yndicate. |
Do, . | (599) Do.  do. . Do. . PL . 179 28th Febru- | Da
ary 1911,
Do. « | (600) Jubbuipore Pros- ; Copper, pilver and | M. L. 70 17th Novem- | 80
Pecting Byndicate. Py berto1n, | 30 yeurs.
Do. » | (601) Mr. Byramjl Pes- ' Red Ochre . i BUL. . 8 20th October | 1 year,
tonfi. 1011.
Do . (602) Do. do." .| Manganese. . |P.L . 121 Do. Do.
Do. . ((608) Do. do. .| RedOchre . . {PL . 60 17th Novem- | Do.
. ber 1011,
. Do. « [ (604) Do. do. . | Pyritea of copper . | P, L. . 151 2%10¢tober I Do.
Do. . | (608) Do. do. + | YellowOchre . | P.L. . 158 Do. .| Do.

B. L.wEaploriag Licenss. P. L.w Prospecting Licenss, M. L. Mining Lsase.
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! Date of
DISTRIOT. Grantee. Mineral. Naturoof  4req 1 acros. | commenoe- Term.
grant. ment.
Nagpur (691) Hon’ble Mr. M, B. | Manganese . P.L. N ’ 39 27th Sopt- | 1 year.
Dadabhoy. omber 1911.
Do. (692) Do. do. . Do. . P. L. Not stated. Do. . Do.
Do. (693) Mesars. P, 8. Ko- Do. . P. L. . 7 | 22nd Moy {Interim
twal and 8. Rangab (renowal), ! 1011. eriod
Naidu. . uring
| the cx-
8Iry\ of
he ' ll-
cense and
the exe-
cution of
& mining
loase,
Do. 604) Nagpur Manganese Do. . P.L. . 08 15th July | 9 months.
o O i Syndicats. (renewal). o, Y
Do. 605) Mesars. Radha De. . P. L. . 7 4th July | 1 year.
{ Kishan Brothers. 1011, v
Do. (696) Naggur Manganeso Do. . P.L. . 34 | 28rd Juno { Intorim
Mining Syndicate, {renewasl). 1011, eriod
uting
tho ex-
glry of
he 1.
oense
and ex-
eccut inp
of & min-
' ing lease,
. 697) Mecsars.  Radha- Do. . P.L. ., 18 ' 11th August | 1year.
Do ¢ kishan Brothers. I 1911, e
Do. (608) Central Provinces Do. . P. L. . © 27th 8eptem- | Do.
Oriental Mining and ' ber 1011,
Prospecting Syndi- :
cate, }
Do.: (699) Babu E. Nagannah Do. o P.L. . 16 , 6th Septem- | 6 months.
Naidu. (renewal). her 1011,
Do. 700) Nagpur Manganese Do. E.L. . 112 16th Septem- | 1 year.
( Mznln;g;yndioate. ber 1911,
Do. (701) Mr. E. C. Dungore Do. . P. L. . 298 20th Decem- Do.
ber 1011,
Do. (702) Hon’ble Mr. M. B. Do. . M. L. . 92 , 18th  Octo- | 30 years
Dadabbhoy. ber 1911.
Do. (703) Mr. Hanmant Rao Do. . P. L. . 168 . 4th Nov- | 1 year.
ember 1011,
Do, (704) Hon'ble Mr. M, B, Do. . P. L. . 121 14th  Nov- | De
Dadabhoy. ember 1911,
Do. (705) Do. do. Do, N P. L. . 108 Do. . De.
Do, (706) Mr. Lakshman Do. . P. L. . 138 18th Decem- { Do.
Damodar Lele. ber 1911.
Do. 707) Nagpur Manganese Do. P. L. . n ! 4th Novem | Lo«
( Mznlng?yndlcate. ' ber 1911,

E. Lo=Frploring License: P. L.ssProspecting License. M. L.=Mining Leass.
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Date of
DISTRICT. Grantee, Mineral. Natureof | 4 o) inacres. | commence Term.
grant. ment.
{pur. (708) Mr. E. C. Dungore | Wolfram and cop- | P. L, . 73 20th Decem- | 1 year.
per. ber 1911.
Yo. (709) Central Provinces | Manganese , . | M. L. . 38 24th Novem- [ 30 ycars,
Oriental Mining and ber 1911.
Prospecting Syndl-
cate.
Jo. (710) Deo. do. . Do. . . | M. L . 63 Do. .| Do.
Jo. (711) Mesers. Lalbehari Do. ' P. 1. . 80 27th October | 1 year,
L4 Narayandas and Ram- 1911.
charan Shankarlal.
Jo. (712) Hon’ble Mr. M. B, Do. . . | P.L. . 122 14th  Nov- ! Do.
Dadabhoy. ember 1911.
Jo. (713) Nagpur Manganese | Do. N . . L. 454 23rd Septem- | Do.
Mining Syndicate. ‘ (renewal). ber 1911,
)o. (714) Messrs, Lalbeharl | Do. . . i P.L, . 244 15th Novem- | Do.
and Ramcharan. I ! ber 1911. '
)o. (716) Nagpur Manganese Do. . . PP L. . 86 25th Oct- ‘ Do.
Mining Syndicate. ober 1911, |
Jo, (718) Mr. Laxman Dam- Do. . .| E. L. 475 13th Decem- | Do.
odar Lele. ber 1911,
lpur , (717) Mr. B. K. Kanga . | Graphite ., o | P L. . 124 13th March | Renewed
(tenewal). 1909, - up
29 t h
FPebruary
1912,
Jo. . (718) Mr. T. B. Kan- | Do. . . | P L, . | Entire village | 14th October | 1 year.
tharia. 1911,
)o. . (719) Mr. Byramji Pes- | Graphite, anti- | P. L. 636 24th OQOctober | Do.
tonji. mony, COpper, (renewal). 1911,
' wolframite, ead
and galena ,
Yo. . (720) Mr. T. B. Kan- | Graphite . | E.L. . | Entire village | 18th Novem- | Do.
tharia. ber 1911.
ror (721) Diwan Bahadur | Iron, coal, graﬁ- P.L. . .95 6th January | Do.
Ballabhdas, hite, copper, sil- 1911,
ver, old and
mineral ol
Jo. . (722) Rao Bahadur Dam- | Iron, copper, gold, | P. L. . 67 , 6th Septem- | Do.
odar Rao Shrikhande. silver, lead and ber 1911.
sulphur,
nl . (utz)njlur‘ Byramjl Pes- | Manganess ., < | PL. . 22 3rd May 1011 { Deo.
. (724) Mr. Khimjt Cuverfi | Iron , N + | P. L. . 1,600 18th Decem- | 6 mouths,
(renewal). ber 1910,
L
. (725) Mr. Vallabhdas { Mica . . o | P.L. . 2,017 25th Novem- | 1 year.
Dayal. ber 1011,
, . (728) Mr. Khimji Cuverji | Do. . B o | Puln . 1,590 Etilan Qctober | Do.
. (727) 8ir Kasturchand | Do. . . o | P.L. . (1] 18th  Nov- | po.
Dags. ember 1911,

B. L.mEzploring License. P. L.wmProspecting Iicense. M. L.=XMining Lease,
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MADRAS—concld.
Date of
DISTRIOT, Grantee. Mineral. N::’g:.o' Area in acres. comme:ce- Term.
ment.
Pinnevelly . | (768) The Morgan Cruci- | Piumbago . .| B. L. + | The whole of | 18th January | 1 year.
ble Co., Ltd., Trivan- the Am- | 1911,
drum. basamudram
taluk includ-
ing the
reserved
forest,
Do. . | (768) Do. do. . Do, . .| P.L. . | Burvey No. | 28rd March Do.
463 of Pana- | 1011,
kudi village.
Do. . | (767) Do. do. . Do. . . | P L. . | 82 centsin 8, Do. . Do.
No. 805-2 of
Vikramasin-
gnpuum and
0 acres in
Siva Sylam
reserved
forest.
Do. « | (768) James Short, Esq., | Garnct, monasite | P. L. « | Astripofland | 6th May 1911 Do.
© ¢ So)llcitor, Madras. T and other thori- extending to v
um compounds. 20 miles of
the sandy
foreshore un-
occuplied
above the
low  water
mark to the
west of the
mouth of
the Nam-
biyar river.
Do. (769) Govindji Odoji Salt | Corundum . .| ML . 2,178'47 | 20th Septem- | 10 yoars.
ber 1910.
Vizagapatam . | (770) The Zamindar of | Graphite and | P.L. . 5080 | 19th January | 1 year.
8apa (Kottum, etc., Godavart, Copper. 1911 y
PUNJAB.
Jhelum . (771) Lala Ishar Das of | Coal . . . ! M.L . 146 30th May | 20 yeams.
Pind Dadan Khan. ' 1,09,
Do. . . 772) Do. do. . Do. . . . | P.L. 100 11th A 1 year.
© @ v (first re- 1011, pel y
'; newal)
Do. . . | (773) Pandit Bhola Nath Do. . . . P.L . 55 20th July | Do.
‘ (second re- 1911.
| newal).
Do. . . | (774) Lala Ishar Das | Do. . . «! P.L . 22'11 | 7th XNovem- | Do.
v ber 1011.
UNITED PROVINCES.
Jhansi . . | (775) Messrs. Dina Nath | Copper . « | M. L. . 535 | 1st  Ootober | S0 years.
and Barey Lal, Pleaders 1911,

%. L.mExploring License. P. L.w=Prospecting License. M. L.wMining Leass,

o

.

PAR._T. 3.] HaxnEN: Mineral Production, 1811. 197
SUMMARY.
E.
Provinces, Prospecting Exploring ine:::g T"Pt:(l) 3ifn?é?h

Baluchistan . . . . 13 ‘J 13
Bengal . .. 18 15 | 31
Bombay . 6 1 ! 18
Burma . . . . . . 357 44 7 408
Centrat Provinces . . . . 181 48 40 ; 269
Hhstern Bengal and Assam . . 7 | 7
Madras . . . . . . . . 23 6 7 36
Punjab . . . . . . . . 3 1 4
United Provinces . . . . . . 1 1
Total for each kind and Grand Total, 1911 592 99 84 775

Totals for 1910 401 102 132 635
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CLASSIFICATION OF LICENSES AND LEASES.
granted i Baluchistan during 1911.

TaBLE 26.—Mining Leases

1911
D sTRICT. - ‘ - )
Area in
Yo. hrea i Mineral
Quetta. . s 420 Coal.
Sibi (1] 3,040 | Do.
Zhob . . 4 320 Chromite.
ToraL . 13 .. !

TaBLE 27.—Prospecting Licenses and Mining Leases granted in Bengal

during 1911,
1011
DisTRICT. . Ares in
.No. acres. Mineral.
Prospecting Licenses.
Hazaribagh 14 2,282:12 | Mioa.
1 424-38 | Coal

Sambalpur .
Singhbhum .

1 s[bout 38,8912 | Chromite.

ToraL 16
Mining Leases. '
Hazaribagh S 14 ' 2,0045 | Mica,
Sambalpur . . . . e 1 40-14 | Gold, silver and lead.
Torar. 15

, Parr 3.] HaypeN: Mineral Production, 1911. 199
“TABLE 28.—Prospecting Licenses granted.in Bombey.during 1911,
1011.
Districr.
No. A:g;:‘ * Mineral,

Dhérwar 2 111 - | Galena.

Panch Mahals . . 2 V14T Manganese.

Ratndgiri 1 1,276 ' | Manganese, iron and

B chromium,
ToTaL . 5

TABLE 29.—Prospecting Licenses and Mining Leases granted in Burma

during 1911.

1911.
+:DIsTRICT,
No. A;:&re? - Mineral
Prospecting Licenses.
Akyab . . ! 3 17,600 = | Petroléum.
Amherst . . 12 36,656 Alfl )minerals (exoept
o). . ‘
Do. 1 8,200 Lead, iilver, sopper,
, oto. .
Do. 1 3,200 (g;d, silver, capper,
tin, lead,.otc.
Do. 1 309-14 | Antimony.
Do. 1 3,200 Wolfram and.. allied
- minerals.
Bhamo ., . 1 1,600 Gold,
mmpe 0 o e,
. . P) go ver
, Tead, i iran, oGa),
Do asbhestos ahd:yine,
. . . . . 1 2,560 Lead, copper Id,
Do. . . . . 1 960 Ind’wglil or. g0
Do. . .. 1 2,464 Lead. "
Magwe. . . . 8 12,711:10 | Petrolenm.
. Carried over - 35 -

3r2
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TasLE 29. —Prospecting Licenses and Mining Leases grant d in Burma
during 1911—contd.

1011,
DISTRICT. R ]
rea in .
No. ACTCS. Mineral.
‘ —
Prospecting Licenses—contd.
Brought forward b
y 6840 Gold, copper, galena,
Mandalay ! coal, wolfram anti-
,| mony, saluminium
and mica.
1 2,560 Load and silver,
Bo. 1 320 Galena, gold, silver
o and co per.,ead
1,248-33 | Gold, silver, ocop-
De. ’ ’ ! per and mio&. ’
Mergui . . . 49 100,20075 A(ﬁl )‘minerals (except
1 3,200 Iron pyrites.
Do ) 1 3,200 Tin, woliram, gold
De. : and silver.
1 2,764-80 | Tin, gold, copper and
De. : wolfram.
D 1 3,200 Wolfram and allied
o ’ minerals.
D 1 3,200 Wolfram, gold, tin
o : ) and allied metals.
Do 1 2,346-7 Coal.
Do. . 1 2.318-80 | Gold, tin, wolfram
- ) ) and allied metals.
D 1 2,135:04 | Wolfram and iron,
Do, . . . . 1 30208 | Wolfram, tin and cop-
0, . . . ey
i 20 87,605-97 | Petroleum.
ﬁlyl;ggyan oL 18 003095 | Do
Northern Shan States 1 2,560 m};z]r& an alli
D 1 3,200 Silver, lead, iron and
Ditto . . copper. »
20 16,709 Petroleum.
Pokoklu : 1 5670-4 | Gold and tin.
Prom . 10 14,117:27 | Petroloum.
le:n eM' . ) 1 320 - | Metalliferous minerals.
hitto . Z 1 840 | Copper, lead and iron
: ores.
‘Sagaing 1 23173 | Iron ore,
g:f;:i:g o7 1 3,068 Asbestos.
Carried over 172

JPaxrt 3.]
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TaBLE 29.—Prospecting Licenses and Mining Leases granted in Burma
during 1911—contd.

1911,
District. ‘
Arca in .
I No. ‘ acres. Mineral.
Prospecting Licenses—-contd.
Brought forward . 172
Salween 1 3,200 Gold.
Do. 2 6,400 Wolfram.,
Shwebo . . 4 11,520 Petroleum.
Southern Shan States 2 10,560 Coal. .

Do. 1 3,120 Copper and allied
minerals.

Do. 1 2,400 Gold, copper and
other minerals.

Do. 6 13,640 All minerals (except
mineral cil).

Do. 1 3,200 Gold, copper, tin
and allied mincrals,

Do. 1 1,120 Lead.

Do. 1 3,200 Copper. :

Do. 1 3,200 Lead, copper and
other minerals (ox-
cept oil).

Do. 1 (A strip of | Mincrals and mineral

land mea- oil.
suring 25
miles in an
air line or
to the limit
of British
territory
whichever
is nearer
on either
side of the
Salween
river).

Do. 1 400 Silver and lead.

No. 1 3,200 Copper, lead, iron,
antimony and as-
socisted minerals,

Do. 1 2,660 Tin, wolfram and

. asgociated minerals.

Do. 1 960 Antimony and other
ores,

Do. . 1 3,200 Lead, copper and
other minerals,

Carried over 199
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EASTERN BENGAL AND ASSAM.
I Date of
; Natare of enoe- Term.
DISTRIOT Grautee. Mineral, i grant. Ares fn acres. “':2-&
U . I
Cachar . (738) Mr. Priya NathSen | O . . "RL . 1,000 sh April | 1 year.
.| G29) A, M. Berk toeralodl . 'RL . 400 ’ Do.
Chittagong @ )ttqou. eloy, | Min ‘ 8, ctrol ‘
Do. . |(13) The Buma OD|oON . . . : r&m) seore | 18th Apil | Do
(731) Mooeni Belayat | Mineraloll . . | P. L. 2,88 18th Do.
Jaintia Hills. Alf, Shillong. ary 1011.

Do. (782) Dr. R. A. Murphy . Do. . P. L. . 25,000 lg ll:ﬁvn- Do.

Do. (188) Do.  do. .| Coal. . PL ., 28,600 Do. .| Do
Garo Hills . (m) The Hon'ble Mr.| Do.. P.L . 188,000 sist  Mwoh | Do

H. Henderson, 1911,
MADRAS.
Apantapur . | (785) The Indian Min- | Bteatite . P.L ' . 10784 | 81s6 August | 1 year.
sﬁ‘ Company, Betam- 1911,

' . | (138) Govindyt 0 Corundum . PL . 38774 | Soth -| Do
Chittoor (788) Govind)i Odo}i Sait rundum u‘l:ﬁt- >
Colmbatore . | (787) Do.  do. Dpo. . PL . 1199 ":'%'h May | Do

Do. .| (78) C.V.Natastah | Mion . . P.L. . 31108 ':3'1'1 Aptit | Do.
Oudds .| (s9) sir | Galena . PL . 18281 | 84 Maroh [ Do
peh e itar, A ' ‘ 1011,
Godavari . | (740) Mr, B. C. Dyriana- | Graphite PL . 15 | sth Do
tham, ritor, { Tuary 1911.
Madras. " :
Do. « | (741) Fred. Cmu, Esq., | Plumbago. P. L. . 1,280 ' Do. Do,
Madras. [ ] N
Kurnool . | (742) Waljee Laljee Satt, | Diamond M. L. 4,536 i 1:3;1 April | 30 you
Do. . | (749) €. B. Oaktey, Esq., Do. . ' B.L 685°15 | 1st  August [ 1 year,
( lBhBord lloul:,megn ! 1011, yoar
. « | (144) Mr. A. Ghoue, ineral L. . | The whole of | 2304 Decem-
Do ( un)ach:ﬂl. o0, Bet- | All minerals B Dhone tal ber 1011, De.
Malsbar . | (745) Messry. oo;a Co.{Gold. . ML .8k  Thers In 1t Dee 30 yea
yndicate, Calouttay. © > i )
sbout 83
rah minarals Bved and | 0t 3 1
Nelors . . | (46) P. K L. . anmary .z,
( l() I naswam! | AR min B.L Wn,::,f b 9 | yoar.
Jands in the
taluks i
Kasvall, Ra- o
pur, Gudw L
and  Atma ¢
xw.

/

Parr 3.] HaYDEN: Mineral Production, 1911, 196
L] L]
MADRAS—contd.
‘ Nat 1 Date of
DISTRIOT. Grantee. | Mineral. abure of | Aresinacres. | commence- Term,
| grant. ment.
- - SN S RSV R .
Nellore , (74'1) K Audinarayana ' Mica , . » | P L. . 23'00 | 11th Decem~ | 1 year.
‘ ber 1910.
Do. . . | (748) Indur Pattabbi Do. . . . | M.L. . 4495 | 30th D - | 27 years,
Rami Reddi. i (renewal). ber Iblzem ¥
Do. . . | (749) Lieut.-Col. M. E.‘ Do. , . .| P.L 21'30 | 12th May | 1 year.
Reporter. : 1011,
Do. . . (760) P. Krishnaswamt Do. . o | P L, . 1081 | 16th  April | Do.
o udaliyar. ! 1011.
Do, . « | (761) Mahommad Zlaud- = Do. . . P.L. 1972 | 24th May | Do.
din Ahmed Sahib. k 1011,
Do. . .| (72) Do. do , Do, . P.L . 1517 Do. .| Do
. .+ | (763) Muhammad Mara  Do. . | M. L . 34 8oth June | 20 years.
Abdul Rahiman Sahib. 1011.
Do. . .| (4) P. Krishnaswamt Do.. . . |P.L . 11'13 | 17th Septem- | 1 year.
Mudaliyar. ' ber 1011.
I
Do. . . |(785) A. Subramaniam ; Do.. . .| M.L . 155 | 21st  June | 14 years 1)
Chettiar. 1911. months
and 5
days.
Do. . « | (756) Madras Mica Ex- Do. . . . | P.L. . 5803 | 17th July | 1 year.
port Co. (renswal). 1911,
Do, . . (757) I.Ira;zt.-eol. M. B. Do. . . o | ML . 17270 | 7th July 1911 SOyenl.b
T,
Do, . . | (758) A, Chennakesavali | All minerals «| BL Not stated. 80th Septem- | 1 year,
Chettl. ber 1011.
Do. . .| (19) Kota Sriramulu { Miea . . .| B.L. . nodhmlen 14th_Ootober | Do
Ohetil. and 1911.
. ’ 20 acres
around ft.
> Do. . « | (760) P. V.Kristma Rao | Do. . . e P L 1825 | 7th Septem- | De.
] ber 1911.
Do. . .| (761) G. Negayya . | Allminerals . | E.L. Notatated .  7th Decem- | Do.
ber 1911.
3alem . . | (762) Govind}i Odojl | Corundum . 7 P. L. . 17370 | 1st October | Do.
Salt 1911.
Do. . . |(e8) Do. do. .| Do . ! PL 27-85 Do. " Do.
Tinnevelly . | (764) Messrs. W. A. | Monasite . . [P.L. .| A strip of | 28rd March | Do.
Beardsell & Co., land extend- 1911,
to 20
L) 'nndy“l the
ore-
shore un-
oocupied
ahove the ow
water mark
to the east of
the Nambi-
yar river.

E. L.=Xaploring Liconss. P. L.=Prospecting Licenss. M. L.=Mining Leass.
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TaBLE 30.—Prospecting Licenses and Mining Leases granted in the
Central Provinces during 1911—concld.

1911,
P DiSTRICT. .
No. | A:g:c:l Minoral.
Mining Leases.
Balaghat . . . . 10 Mangancse.

Do. . 1 . Manganose and iron,
Bhandara . 4 Manganeso.

Do. . . 1 Asbestos.
Chhindwara . . . . 2 | Manganeso.
Jubbulpore . . . . . 1 ‘ Bauxite.

Do. . . . . 1 : Copper, silver snd.

old.
Nagpur . 20 l o hf&nganese.
ToraL 4)

r o

TABLE 31.— Prospecting Licenses granted in Eastern Bengal and Agsam

during 1911,
1011.
DISTRICT. .
No. A‘:c e:::;.n Mineral.
-

Cachar . 1 1,600 | Oil.
Chittegong 2 Mineral oil.
Khasi and Jaintia Hille , . 2 Do.

Do . . 1 Coal.
Garo Hills . . . 1 Do.

TOTAL . 1

Parr 3.)
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TABLE 32.—Prospecting Licenses and Mining Leases granted in Madras

during 1911.

Anantapur
Chittoor

Coimbatore

Do.
Cuddapah
Godavari
Kurnool
Nellore
Salom
Tinnevelly

DisTRICT.

1911.

No. Area in
acros.

Prospecting Licenses.

Carried over

107-3+
387-74

11°99
211-92
182-81

085:15

P N

A strip of
land  ex-
tending to
20 miles of
the sandy
foreshore
unoccupied
above the
low water
‘mark to
the east
of the
Nambiyar
river.

2 Survey No.
463 of
Panakudi
villageand
32}cents

in 8. No.
305-2 of

Mineral.

Steatite.

Corundum.
Ditto.

Mica.

! Galena.

Graphite.
Diamond.
Mica.
Corundum.
Monazite.

Plumbago.

Vikrama-
singapuram
and 40
acres in
Siva sylam
reserved,
forest.

21
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" TABLE *29.—Prospecting Licenses and Mining Leases granted in Burma

during 1911—coneld.
1911,
DisTrRICT. Area i
a in .
No. acres. Mineral,
Prospecting - Licenses—concld.
Brought forward . 109 .
Tavoy . . . . 118 Allil minerals (exoept
oil).
. . B . . 1 2,168:90 | Tin, wolfram, id
Do and galena, g
Thaton . . . - . 1 2,560 Motel-bearing  oroe
(exoept oil).
Do.: . . . . 8 . olfram, gold, lead,
silver, ete.
Do. e e e . . 5 . Woltram and  allied
. metals
Do:- .- - « o 13 . All)minenln (except
Thayetmyo . . . . . 12 . Petroleum.
Touegoo dwin ', . . . . 1 - Petroioum,
i A . - .
Upper g!:n . . . . 1 . All minerals.
Toran 367 .
Mining Leases.
Akyab . . . . . 1 1,187 Coal.
Magwe . . . . . 2 (2,560 and | Petroleum.
164 State
wells Yen-
sngysung)
Mﬁngyan"‘ ' . - . . 1 1.9” Do. ;
PakokRu * . . . . . 2 (1,280 and Deo.
Blooks
Nos. 119 °©
and 121)
Tditgoo™ . . . . . 1 820 | Galena.
Torar . 7 .

»

Pant 3.]
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'I‘ABLE 30.—Prospecting Licenses and Mining Leases. granted in the
Central Provinces during 1911.

1911,
DisTricr. Area i
0a in .
No. aores. Mineral
Prospecting Licenses.

Bnl».ghst . 29 . Manganese.

. 1 126 | Red ochre.
Betul . . . . 2 . Coal.

Do. . . . . 1 91 | Graphite.
Bhandara . . . . . 27 Manganese.
Bilaspur . . 1 41 | Red ochre.
Chhindwara . . . 24 . Manganese.
Jubbulpore . . . 2 . Banxite.

Do. . . 3 . Steatite, soap-stone
and tale.

Do. . . . . . 3 . . | Manganese.

Do. . . . . . 1 188 | Copper, tin, silver
and arsenic ore. :

Do. . . . . . 1§ 275 | Manganese and iron.

Do, . . . . . ill " 151 Red oohr:.

Do. . . . . . ites of copper.

Do. . . . . . . 6*1) 1568 g’:lilow oohnl.)po

Nagpur . . . . ganese.

Do. . . . . . 1 48 | Wolframite,

Do. . . . . . 1 Wolfram and copper.
Raipur . . . .o e 2 . Graphite.

Do. . . . . . 1 555 | Graphite, anti-
mony, oopper,
wolframite, le
and galena.

Saugor . . - . . 1 05 | Iron, ooa.l, graphite,
oopper, silver, gold
and mineral oil.

‘Do, . . . . . 1 B7 Iron, pFar gold,

gilver,
. sulphur.
Seoni . . . . 1 122 | Manganese,
Do. . . - . . 1 1,009 | Iron.
Do. e e v e 3 . Mica.
ToraL «1 181
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THE SYSTEMATIC POSITION OF THE KODURITE SERIES,
ESPECIALLY WITH REFERENCE TO THE QUANTITA-
TIVE CLASSIFICATION. By L. LEIGH FERMOR, D.Sc.,
A.RS.M., F.G.S., Superintendent, Geologzcal Survey of

India.
CONTENTS.

. Pace
I.—INTRODUCTION . . . . . . . . . . 208
I1.—TaE KODURITE SERIES . .o2n

() The Quantitative Clmlﬁcatlon of kodunto and gamot rook . 21
(b) Treatment of the kodurite series in Hatch’s classification . .22
(¢) Comparison of the two methods . . . . . . 2206
III.—THE QUARTZ-BARYTES-ROCK OF SALEM . . . 220
IV.—CoNCLUSION . . . . . . . . . . 298

L.—INTRODUCTION.

OME three years ago I published an account of a new series
of rocks from the Vizagapatam district of Madras. The type
rock is composed of orthoclase felspar, a manganese-garnet (spandite),
and apatite, and is designated kodurite after the Kodur manganese-
mine ; kodurite i8 shown to be the basic member of a series of
differentiated igneous rocks ranging in acidity from quartz-orthoclase
rock, through intermediate quartz-kodurites and basic kodurites, to
manganese-pyroxenites containing rhodonite and other manganese-
pyroxenes!. The series derives its importance from the fact that
it has, by secondary chemical alteration at the surface, given rise
to a series of valuable manganese-ore deposits, the total output
of which from 1892 to the end of 1911 is 1,168,754 tons.

This account, although in certain ways detailed, was really
but an incident in a general account of the manganese-ore deposits
of India; and, consequently, at the time, I was unable to investi-
gate the classificatory position of this series of rocks.

1 Mem. Qeol. Surv. Ind., XXXVII, “The Manganese-ore Deposits of India,”
pp. 243-279, (1809); name ongmally proposed in 1907, Rec. @. 8. 1., XXXV, p, 22.
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Recently, however, I have been able to examine this point,
especially with reference to the * Quantitative Classification of
Igneous Rocks’’, as set forth by Messrs. Cross, Iddings, Pirsson,
and Washington in their well-known work of the above title pub-
lished in 1903.%

Prefacing this account of the Quantitative Clasmﬁcatxon, the

book contains ‘ An Introductory Review of
ch{'!'l‘m:dtf:;‘ system of the Development of Systematic Petrography

in’ the Nineteenth Century,” in which Mr,
Whitman Cross gives an extremely valuable analysis of the various
systems of rock -classification—igneous, sedimentary, and meta-
morphic—hitherto proposed.

From this review one gathers that the chief faults of preceding
schemes of classification lie in the want of “a logical and appropriate
co-ordination and sequence of parts ” (p. 88) and the  resort to
the expedient of appendices to bring in rocks not otherwise pro-
vided for” (p. 91); and further that a satisfactory system of classi-
fication must not only find a logical position for all known rocks,
but must be so devised as to be elastic and capable of logical
extension to include any new types of rock.

This review is, of course, the precursor to the detailed exposi-
tion of the new Quantitative Classification
by the four joint authors in the second portion
of the work quoted, and the reader enters eagerly upon its perusal
buoyed up by the hope of a system logical, comprehensive, and
elastic, in all its parts. He is compelled to recognise with ad-
miration the ingenuity of the scheme, unfolded step by step, and
providing & series of mathematically related compartments for the
due reception both of all known igneous rocks and of all these
to be discovered in the future. But his enthusiasm receives its
first check when he learns the names (e.g., quardofelic, pyrolic,
sonnelic, with less uncouth terms, such as precalcic) applied to the
compartments {class, order, rang, subrang, section of subrang, grad,
section of grad, subgrad, section of subgrad, subsection of section,
with further possibilities of expansion ad infinitum); it begins to
wane as he realises the existence of 106 new adjectives, invented
to characterise various chemical and mineral ratios; his enthusiasm
sinks still further as he encounters the long list of newly-invented
adjectives and prefixes (e.g., aliersalphyric, grano-, grani-) to describe

The Quantitative System.

 Also published in Journal of Geology, X, pp. 656-69¢, {1902),
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TABLE 32.—Prospecting Licenses and Mining Leases granted vn Madras
during 1911—concld.

| 1011,

DisTRICT.

Area in .
No. ACTES. Mineral

Prospecting Licenses—concld.

Brought forward

i iy . . . . . 1 Astrip of Garnet, monsgite
Tinnovelly land ex- and othor thorium
tending to compounds.

20 miles of
the sandy
foreshore
unoocu-
pied above
the low
water
mark to
the west
of the
mouth of
the Nam-
biyar river.

Vizagapatam . . . . 1 50-80 | Graphito and copper.

ToraL . 23

Mining Leases.

Kurmool . . . . . 1 4,626 | Dismond.
Malabar . . . . . 1 Sii: xE:ivem Gold.
taluk co-
vering &
length of
about 82
miles. o
Nellore . . . . 4 e Mics. -
Tinneveily . . . . 1 H Corundum,
. .
Torar . 7 .
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TaBLe I3.—Prospecting Licenses and Mining Leases granted in the
\ Punjab during 1911.

‘ 1911
DisTrIcT. .
/No. ' A;ii'el: Mineral.
Prospecting . Licenses.
Jhelum . . . . . 1‘ 3 .. Coali.
i ,,,,,,
Tora . | 3
|
Mining Leases.
Jhelum . . . . . 1 l 146 | Coal.
ToraL . ._ 1 ;

Mining Leases granted sn the United Provinces during 1911,

! 1811,
DisTRICT.
Area in .
No. acres, Mineral,
Jhansi . . . . . 1 5-35 | Copper.
ToTaL N 1 e
'!
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the textures of rocks ; and it drops almost to zero with the discovery
that a piece of monzonite may be termed in the field a biotitic horn-
blende-grano-dosalane, or a grano-hornblende-germanare, whilst, after
.study with the microscope and in the laboratory, it may be’ called
a grano-hornblende-monzonase or a biotitic hornblende-grano-monzonose
“according to what information we wished to convey ” (p.177). ,
Nevertheless, one feature of the scheme stands l;rightly forth
in the verbal gloom, namely, the idea of the
) . norm, according to which any quantitative
enalysis of a rock may be converted into terms of certain standard
minerals, thus attaching to each rock a standard or ideal mineral
composition, and facilitating the comparison of various rocks, one
with another, on the supposition that they had crystallised ;mder
certain ideal standard physical conditions.! For the mineral com
. position of a rock as it actually exists, the term mode is introduced,
Whilst the norm and mode of a rock are frequently dissimilar,
.the mode of a rock may, and often does, coincide with its norm’
Before. such a revolutionary scheme of classification ocan be
accepted by the working petrographer, it is his duty to examine
it on its merits, test it with actual examples, and compare the faci-
lity with which he is able to classify a given rock by! this new
method, and by any of the more normal schemes. Being person-
ally -attracted by the idea of the norm and the mode, and also
by a method teking quantitative count of the mineral and chemical
molecules, I was naturally disposed to give the new classification
-a fair trial, and for this purpose nothing seemed better than a
new series of rocks of abnormal composition, such as the kodurite
series; for thereby one could test one of Whitman Cross’® chief
desiderats for a satisfactory classification, namely, its elasticity and
-ability to dispense with appendices, '
Before proceeding to inve{stigabe the classificatory position of
Result of Investigation. the Lkodurite series by these methods, let me
o state at once the results. I find the new
classification to lack in a measure the desired elasticity, but can
propose & slight modification of the nomenclature by means of
which this defect may be partly remedied; on the other hand, I
find no difficulty in fitting this series of rocks into one of the m:)re

The norm.

‘normal classifications, namely, that adopted by Hatoh in his -

: Nmely such as would oo < 30 . :
the mineral czrmposition of the ::’Pr::. * .ma.gmu on soliification to erystallise out "P‘

&

>
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admirable ¢ Text-book of Petrology >’, 5th edition, 1909, and originally
-unfolded in a paper entitled «The Classification of the Plutonic
Rocks ”’ in Science Progress, 111, pp. 244-264, (1908). :

II.—THE KODURITE SERIES.

A.—The Quaniitative Classification of Kodurite and Garnet-rock. -

For™ the purpose. of this investigation I have taken the two
calculated analyses of kodurite from Kotakarra and Boirani, res-
pectively, as given on page 261 of Mem. G. 8. I, XXXVII;
and to prevent any misconceptions, let me state at once that the
Kotakarra rock representsthe typical development of the kodurite
geries as met with in the Vizagapatam district, whilst the rock
from Boirani in the Ganjam district, although designated kodurite,
differs considerably in one respect from the typical rock. Fach
variety consists essentially of orthoclase, garnet, and apatite; but
whereas the typical rock of Kotakarra contains a highly manga-
nesian garnet (16:50% of MnO), which I have designated spandite
(indicating its intermediate position between spessartite and and-
radite), the garnet (grandite) in the Boirani rock contains a rela-
tively smsll amount of manganese . (2:68% MnO) and lies between
: rite and andradite in composition. It is convenient at pre-
sent to extend the term kodurite to the Boirani rock, but subse-
quent more detailed examination in the field and laboratory may
indicate the desirability of using a separate nmame for the rock.

In both Vizagapatam and Genjam, ultra-basic modifications of
the series exist, comprised entirely of the garnet of the kodurite
with a variable amount of apatite (sometimes scarce and sometimes
abundant).! As apatite appears as apatite in both the norm and
the mode of a rock, I sm assuming two garnet-rocks of the com-
position respectively of the Kotakarra and Boirani garnets given
on page 258. Any desired percentage of apatite could be intro-
duced into the rock without affecting the. relative amounts of the
other minerals eomposing the norms of the garnet-rocks.

" The caloulations have been made in accordance with the prin-

, ciples laid down in the American work already
fusyess. . cited, and I will tabulate the results below.

3 Thers aye alsp the ‘ﬂm-bnio pyroxenites, but I am not considering these at present,

*
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The analyses taken for calculation are as follows :—
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be taken into the diopside or hedenburgite molecule, but this is
not possible with larger amounts, as there is no known mineral
of the composition Ca0.Mn0.28i0,, corresponding to the complete
replacement by MnO of the MgO in diopside or of the FeQ in
hedenbergite. Consequently it is necessary to introduce new two
norm minerals, namely, the metasilicate rhodonite, MnSiOs, and
the orthosilicate tephroite, Mn,8i0,. With this modification, the
following norms have been calculated from the foregoing
analyses :—

Kotakarra ‘ Boirani Kotakarra Boirani
kodurite, l kodurite. | garnet.rock. | garnet.rock.
8i02 4145 | 5330 3767 3818
TiOg oz | o2
AlsOs . 1800 : 16:31 1898 1422
Feg0; . 1 4l 347 1141
FeO 410 079 748 216
MnO 008 098 16:50 268
MgO 013 022 023 065
Ca0 1037 12:64 16:80 3070
K20 097 976 . .-
NagO . . - 033 i
P05 . 142 1111 ..
CaPFy . 026 0-20
CuO . 002 .
ToTAL 10000 ( 100-:00 10000 10000
G. 323 ‘ 292 402 370

A glance at these analyses shows that the rocks are of unusual
composition in one particular, namely the per-
gistent presence of a relatively high amount
of MnO—varying from 098 to 16:-50 per cent. As the amount of
manganese protoxide in an igneous rock is usually insignificant,
the method followed in the book cited is to unite small amounts
of MnO with FeO, and also BaO and 8rO with, Ca0, and Cr,0,
with Fe,O,, “ unless these unusual components occur in sufficient
amounts to make their calculation as special mineral molecules
desirable ” (p. 188). In the present instance it is obviously desir-
able to treat the MnO as entering into special mineral molecules.
Relatively small amounts of MnO, as in the Boirani kodurite, could

The norms.

° I
Minéral. Formula. ]igtﬁ}:g _B‘ kﬁgg:irt‘i. ngg:? gﬁfx'
rock. rock.
Orthoclase K,0.A1,0,.68i04 35-47 5560
Leucite K,0.A1,0,.48i0, 4-53 1-61
Nepholite . Na,0.A1,0,.28i0, . 1-50
+ Anorthite Ca0.Al1,0,.25i0, 28-44 1415 51-74 3876
Diopside Ca0.Mg0.28i0, 119 3-5¢
Hedenbergite Ca0.Fe0.28i0, 11-02 7-25 .
Wollastonite Ca0.8i0, 0-93 16-71 5-49
Akermanite 4Ca0.3810, 6-71 34-87
Fayalite 2F00.8i0, 5-80
Tephroite . 2Mn0.8i0, 12-93 1-39 23-47 3:80
Magnetite FeO.Fo,0, 276 1-86 5-03 6-96
Hematite Fo,05 289 8-81
Nimenite . | FeO.TiO, . . 0-66 0-46
Apatite . . | 3(3Ca0.P,0;)+CaF, 333 ' 2-62
99-08 99-98 100-00 09-98
°

We now have the material to classify these four rocks according
to the quantitative method, making use of
the various mineral and oxide ratios, as ex-
plained on pages 128-144 of the work cited.

G

‘S.Tle process and re-
suits of classification.

\‘.
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From the above table it will be seen that both kodurites fall
into class Il—the Salfemanes : all four rocks fall into order five
of their respective classes, the kodurites belonging to the order
germanare and the garnet-rocks to the order gallare. Passing now
to rangs, we see that whilst the two garnet-rocks fall into one
rang—kedabekase—, the kodurites fall into two separate rangs, andase
and monzonase. Arriving at the subrangs, it is necessary to apply
to the garnet-rocks, owing to the absence of alkalies, the name of
the rang with the necessary terminal modification, namely kedabekose.
According to the tables given in the Quantitative Classification, no
names had then (1903) been proposed for the two subrangs into
which the two kodurites fall. These tables are repeated in Iddings’
“Rock Minerals,”” Vol. I, (1909), and on page 427, I find that these
two subrangs were then still unoccupied. On the assumption that
‘they have not yet been filled and that the authors of the classifi-
cation have the natural desire to find representatives of all their
rangs and subrangs as soon as possible, I offer them the terms
“kodurose and boiranose ; from these follow the terms kodurate, boira-
nate, kodurote and botranote, for the respective grads and subgrads.
Returning now to the two garnet-rocks, since the absence of alkalies
prevents one assigning them to subrangs, it is necessary to pro-
pose terms to describe the grads to which they belong. The charac-
teristic garnets of the Kotakarra and Boirani kodurites have been
termed by me spandite and grandite respectively, and therefore
I suggest the following names for the respective grads, sections of
_grads, and subgrads : spandate, spandiate, spandote, and grandate,
grandiate, grandote.

With a system so artificial as the one under discussion, which
is the product of the imagination of its authors rather than a
natural growth from any previous system, it seems to me desir-
able for the authors to act as a supreme court of appeal, and to
accept or reject any new names that may be proposed. Therefore
I offer all the above terms for acceptance or rejection by the
joint authors of the system. And if I may offer a suggestion,
"it is this, that the authors, if they wish this system to stand the
maximum chance of adoption, should, at regular intervals, say
once a year, publish in the same periodical, such as the Journal
of Geology, the tables of classes, orders, rangs, and subrangs, given
in their Quantitative Classification, brought up to date and show-
ing all the names for orders, rangs and subrangs that have been
accepted.
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I must now direct the reader’s attention to the foregoing table.
He will notice that, in conformity with the principles of this classi-
fication, I have proposed names for two subrangs, four grads,
two sections of grads, and four subgrads. Let us assume them
as adopted. Then we have one subrang, labelled kodurose, occu-
pied by a rock containingin its norm 12:93 per cent. of teph-
roite, the manganese-olivine, whilst the features that have thrown
the Kotakarra kodurite into this particular subrang are in order :—

(1) its ratio of salic to femic minerals,
(2) its ratio of felspathoids to felspars,
(3) its ratio of alkalies to lime,

(4) its ratio of potash to sods,

ratios 2, 3 and 4 referring solely to the salic minerals. It is
obvious, therefore, that other rocks may be discovered in the
future which, when the above-mentioned tests are applied, will
also fall into the kodurose subrang, although they may be prac-
tically devoid of manganese, which is present to the amount of
9-08 per cent. of MnO in the type rock. This seems to indicate
at once a serious flaw in the system. Further, the effect of the
presence of manganese does not make itself felt until the ninth
sub-division is reached, the criteria on the way down being in turn:

(6) the ratio of pyroxenes + olivines to magnetite, etc.

(6) the ratio of MgO + FeO (with MnO) + CaO in the femic
minerals to the alkalies of the femic minerals.

(7) ratio of MgO + FeO (with MuQ) t~ the CaO in the femic
minerals.

(8) ratio of MgO to FeOQ (with MnO).
(9) ratio of FeO to MnO, introduced by myself.

[
There certainly seems to be something lacking in a system which
takes no effective account, until the ninth sub-division of the system

. is reached, of a constituent that is fourth in order of importance

in the chemical analysis and third in order of importance in the
norm.
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The same criticisms apply to boiranose, but to a much smaller
degree on account of the much smaller amount of MnO present:
but they apply in an even more striking manner to the Kotakarra
garnet-rock (spandite-rock), in which MnO is third in order of import-
ance in the chemical analysis, and tephroite, Mng8iO,, is second in

order of importance in the norm, of which it forms nearly 25 per
cent.

It is interesting also to enquire why the Kotakarra and Boirani
kodurites have fallen into the two different rangs,
The nability of the gndage and monzonase. The answer points to
Rly:(‘fm to deal with bigh another flaw in the methods of thisp system.
The chief difference between the two kodurites
lies in the composition of the respective garnets, and, as will be seen
from a reference to the s,nalyses on page212, the essential difference
between the two garnets is that the place of most of the MnO of
the Kotakarra gamnet is taken by CaO in the Boirani gamet! The
Kotakarra rock has 908 per cent. of MnO and the Boirani one
only 0'98 per cent. of MnO. It is not this feature, however, that
has thrown these two rocks into different rangs, but the fact that the
Kotakarra rock contains only 697 per cent. of K,O0 compared
with 975 per cent. of K,0 + 033 per cent. of Na,0 = 1008
per cent. of alkalies in the Boirani rock; so that the ratio of
dlkalies to lime in the Kotakarra rock is < 5/3 > 3/5, making
it alkalicalic or andase, whilst the ratio in the Boirani rock is
< 7/1 > 5/3, making it domalkalic or monzonase.

However, one cannot tamper with the fundamental features

" of a classification, and hence these two rocks must be assigned to

different rangs on account of what I regard as a compmtxvely
trivial difference ; whilst the more impértant difference, namely, in
the amounts of MnO is of no account, although it is such as to

make one hesitate to extend to the Boirani rock the name kodurite,

which belongs primarily to the manganese-bearing rocks of the
Vizagapatam district.

As the system is so constructed that my kolurite (with 9'08
per cent. MnO) and a rock of similar composition, but with the

manganese ‘replaced by iron, would fall into the same rang, it is

~ this does not affect nomenclature till ome reaches the

! There is also a difference in the state of oxidation of &' porﬁonoﬂhollon.ht

of subgrads.
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obvious that in a measure the quantitative system has failed,
in one particular instance, to exhibit the elasticity that
Mr. Whitman Cross regards as necessary to any satisfactory classi-
fication.

If an unusually large amount of MnO in a rock can affect the
classification so adversely, one wonders if there

uh‘.‘ﬁ&"sﬁh‘?}ql&‘“’ are any other constituents, which, if present
. in unexpectedly large amount, might have the

same effect. From a consideration of the principles on which the norm
is formed and the use subsequently made of the norm minerals, one
sees at once that SrO, BaO, and NiO, would, any of them, if pre-
sent in an 1gneous rock in quantity, upset the system in a similar

‘way to MnO. As in the case of MnO, the authors have provided

that,in calculating the. norm, SrO and BaO are to be regarded
a8 CaQ, and NiO as FeO, ¢ unless these unusual components occur
in sufficient amounts to make their calculation as special mineral
molecules desirable.’”” But, as in the case of MnO, thereis apparently
no provision in the scheme of classification for unusual nort
minerals of this nature ; and consequently, in carrying out the evo-
lutions necessary for ascertaining the appropriate compartments
of the scheme for a rock containing an unusual amount of stron-
tium, for example, it would be necessary to regard the SrQO, as CaO.
I is easy to see that in this way one might obtain another member
of the kodurose subrang, completely devoid of MnO, but containing
& oonsiderable percentage of SrO, whilst we should be unable to
take any account of the SrO before reaching sections or subsections

It seems to me that the quantitative system almost reduces
Seggested method of itself to an absurdity when it is required tlt:
ggested method o8 ,o0hive rocks containing large amount of suc
overcomiag the diticulty. constituents as MnO or SrQ. There is, how- .‘
ever, one possible method of escape from the nomenclature diffi-
culty. If, for instance, one could find a rock in the kodurose
subrang free from MnO, the subrang should be named after this
manganese-free rock—let us suggest vizagapatamose aiter the district
from which kodurite comes. Kodurite might then be termed
mangan-vicagapaiamose, whilst 8 strontium member of the same
subrang would be a strontio-vizagapatamose and a barium member
would be lmyto-uzagapata»wu Similarly the rangs might be termed
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mangan-andase, strontio-andase, etc. It seems difficult to suggest any
other escape, but the necessity of following such a path seems to me
to disturb the rounded symmetry of the system. It would be
equivalent to accepting appendices, which, according to Mr. Cross,
should not be necessary in any satisfactory classification.?

B—Treatment of the Kodurite Series in Hatch’s Classification.

Having attempted to fit these Indian rocks into the Quantitative
Classification, and having failed, except by an expedient unsanc-
tioned by the propounders of the scheme and opposed to its spirit,
it will now be interesting to see whether any such difficulties arise
in the ordinary methods of classification.

It must be conceded that the ordinary method of classifying
igneous rocks into three groups—plutonic, hypabyssal, and volcanic
~—based on their mode of eruption and correlated texture; sub-
dividing each of these groups into four sections—acid, intermediate,
basic, and ultrabasic—based on the silica percentage ; and arranging
the rocks under each heading thus obtained in accordance with
their mineralogical peculiarities, is frequently unsatisfactory, and

becomes more unsatisfactory year by year with the discovery of
numerous fresh types.

In 1908 Dr. F. H. Hatch, in the paper already cited, put
forward & classification of the plutonic rocks that includes many
of the features of the older systems, and at the same time, in-
fluenced by the Quantitative Classification of our American friends,
gives greater weight to quantitative chemical considerations than was
formerly the case. As in the earlier classifications, the plutonic rocks
are divided into three horizontal series—acid, intermediate, and basic
—according to their silica percentage ; but instead of grouping all

1 One further method of escape suggests itself, viz., to break u i
classes II and III into suborders }:)easedgg: the ratios of MnO to 13'00.p g;l?oeemt.hlil:
was done, howover, it would not be possible to deal with rocks rich in strontium
or barium by forming suborders according to the ratios of 8rO to CaO, or of
BaO to CaO. Further, this would be introducing distinctions into suborders on a
chemionl basis, whereas that already adopted for suborders to classes IV and V
is on & mineral basis {(lc,p. 134). In addition it would be making use of ohar-
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the acid rocks into one heterogeneous compartment, and similarly
the intermediate and basic rocks, Hatch arranges the rocks in five
vertical series according to the felspars and felspathoids, as can be
seen from the following table, the basis of the vertical series being
the relative proportions of calc-alkali felspars (oligoclase to anorthite)
to the alkali felspars (orthoclase, albite and microcline), and the

ALEALI SERIES. {
~--| Monzonite | Calc-alkali
Folspathoid Soda Potash Series. Series.
Series. Series. Series. ]
Acid group . Soda-gra- Potash-gra- | Adamellite { Granodio-
>66°/,8i0, nite. nite. rite.
e | I - e
Intermediate | Nephelino- | Soda-sye- Potash-syo- | Monzonite | Diorite
52—06°/,8i0, » syonite. nite. nite.
i
[ e e ——— . [ -
Basic g-oup { Nepholine- | Essexite . | Shonkinite | Kentallon- | Gabbro
<b2°/,8i0, ° gabbro. | ite.
' T I o B
|
CA < §|CA < i‘CA=§to§CA > 3
A > 3| A > ¢' A=3t0} A < }
|

CA = proportion of calc-alkali felspar in total folspars.
= » » olkali » 5 e »
presence or absence of felspathoids, as is indicated at the base
of the table, the limits of the monzonite series being fixed in
accordance with proportions originally suggested by Lindgren.
Each of these compartments holds a family or sub-family, the
internal arrangements of which may be conducted on a mineralogical
basis. This series enables one quickly to refer any given plutonic
rock to its sub-family, once. the silica percentage is determined
and the relative amounts of alkali and calc-alkali felspars are kmown,
which may be ascertained either chemically or optically. Moreover,
when a rock reaches a given compartment, it finds there companions

acteristics of the femic minerals in these two classes at a point where only the
salic minerals should be considercd. The same reason prevents one from treating
the MnO st any earlier stage than the grads, as it is not till the grads are
reached in olasses I to IIT that the femic minerals are considered at all, except
in the primal division into classes. The consequence is that the MnO cannot be
oonsidered at sn earlier point than is done by me in the table on page 215.
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that seem better sorted than those one finds in even such a small
sub-division as a subrang.!

Following Hatch’s method, the position of the Kotakarra kodurite

is seen instantly. It is basic, because it con-

senosition of kedarlte tains less than 52 per cent. of 8i0, It belongs
to the potash series. Therefore it falls into the

shonkinite family. It contains an abnormal amount of manganese,

and therefore may be designated a mangan-shonkinite. It shows,

however, an abnormal mode in containing garnet as its femic -

mineral instead of pyroxenes and olivines. Therefore it is better
not to use the term shonkinite, but to use the special name
chosen for it, uz., kodurite.

The complete list of members of the kodurite series as given
on page 250 of Mem., Geol. Sur. Ind., XXXVII, is repeated in
the’ right-hand column of the following table, whilst in the middle
column are placed the names of the three main sub-divisions of
the potash series in Hatch’s classification.

J—— Potash Serios. Kodurite 8ecrios.

Quartz-orthoclase rock.
Apatite-quartz-orthoolase-rock.
Quartz-kodurite in part.

Acid . . . . . | Potash-granite

Intermediate . . . | Potash-syenite

Quartz-kodurite in pert.
Orthoclase-rock

Kodurite. rod
. Pyroxene- urite.
Biotite-kodurite.

Basio . . . .| shonkinite

. Spandite-rock. L4
) : Apetite-spandite-rock.
Ultra-basio . . . veus xone-spandite-rook.
eso-pyroxenites.
Graphitio INADEANGSS-PYTOXE -
tes. *

? Evans, in disonssing the Quantitative Classification (Science Progress, 1, pp. 259-
280, 1906), points out that one subrang, andose, contains rocks as different as
tonalite and gabbro, whilst toscanose includes granites, syonites, and diorites, not
to :ipeak of hemi-crystalline and representatives ; and a subrang is such a
relatively small sub-division that there are 402 of them, with poeaibilities of
many others, indicated in the tables facing p. 166 of the work citod.

IO T
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'The case of the ultra-basic rocks calls for some comment.
Hatch does not include the ultra-basic rocks—picrite, perknite, and
peridotite families—with the plutonic rocks with which they are
often associated, because they are hypabyssal in their mode of
occurrence, occurring either as dykes or as marginal modifications
of plutonic masses, magmatic differentiation having played an im-
portant part in their origin.

In the present instance, all the members of the series have been
formed by magmatic differentiation from an original magma with
a composition intermediate between the most acid and most basic
members of the series; and it may be guessed, judging from an
estimate of the relative abundance of the members of this series,
that the composition of this original magma was probably that of
quartz-kodurite. The various members of these series are so related
that all must be regarded as of the same origin, and consequently
the ultra-basic rocks must be included in the same series as the
more acid members. In fact, it seems to me desirable, when one
is considering a series of related plutonic igneous rocks, to add the
customary ultra-basic division to Hatch's scheme, which can -easily
be done by fixing a 8i0, percentage as the boundary between the
bagic apd ultra-basic divisions. But it must be noted that such

. ultra-basic rocks would often be completely devoid of any felspars,

s in the present case, and that the ultra-basic rock would be assigned
to its respective series, not on the merits of its own mineral com-
position, but on that of its less basic magmatic associates. Thus,
in the present case, spandite-rock falls into what may be regarded
as the mangan-subdivision of the potash series on account of the
potassic nature of the felspar in kodurite.

Abdve, 1 have correlated the members of the kodurite series
com with those of the potash series, and it is easy

- .‘mf““‘ to notice the general chemical similarity of the

» oorresponding sub-divisions, one of the . chief

- chemical distinctions between the two series lying in the high

percentage of manganese oxide - in many of the members of the
kodurite seriee. To emphasise still more clearly the chemical
similarities and differences, I place side by side in the following table
analyses of shonkinite and of kodurite. :
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T Kotakarra | Boirani
— Shonkinite. kodurite. |  kodurite.
§0, - - . < 1T a7 1745 5336
A, - . 1005 1800 16:31
FegO3 . . . . . 3-63 191 417
FeO . . . . . 8:20 4-10 079
MnO . . . . . 0-28 9-08 0-98
MO . . . .. 9-68 013 ‘ 0-22
CaO . . . . . 13-08 10-37 12:64
K0 . . . . . 376 6-97 975
ga(,)o . . . . . igi 'e 0-33
o, . . . .. 078 029 0-24
POy - . . . . 151 1-42 bl
CaF, . . . . . .. 0-26 020
(Cla.((})l3 . . . . . 0-28 0'(')2 o
! . . . . ! .
Toran . 10093 10000 = 10000

From the above it is seen that the typical kodurite contains
practically no magnesia, the place of which is taken by about the
same quantity of manganese protoxide. It contains nearly 6 per
cent. less oxides of iron, but 8 per cent. more alumina, whilst it
contains nearly 7 per cent. of potash against 5} per cent. of total
alkalies in shonkinite.

The differences and similarities may be further followed by
comparing the norms of the respective rocks, as in the following
table :—

) . .. | Kotakarra | Boirani
Mineral. Formula. Bhonkinite. ‘) o qurite. | kodurito.

Orthoclase . . | K;0.A1,0,.68i0, . . 29.24 3547

i
l 55-32
Leucite . . .| Ka,0.Al,0,.48i10, . . . 453 . 183
Nephelite . . | Nag0.A1;04.28i0, . . 8:38 .. i 1-50
Anorthite . . | Ca0.A);,0,.28i0, . . 8-:06 2844 | 14-15
Diopside . . | Ca0. (Mg,Fe) 0.28i0, . 38-55 - | 1-19
Hedenbeorgite . . | Ca0.F00.28i0, . . 1102 | .o
Wollastonite . . | Ca0.8i0, . . . .. 093 | 16:83
Olivine . . .| Z2MgFe)0.8i0, . .| 1224 NN
Tephroite . . | 2MnO0. S8i0, . . . .. 12:03 1-39
Magnetite . + | FeO.Fe,0, . . . 5-10 2:76 1-86
Hematite . . | Fe,0, . . . . .. .. 2:89
Thmenite . . . | FeO.TiO, . . . 1-47 0-55 046
Apatite . . . | 3(3Ca0.P,0;) + Ca(F,Cl), . 3-53 3-33 2:62
|

ToraL . 9957 9996 10004

! W. H. Weed and L. V. Pirsson : Bull. Geol. Soc., Amer., V1, p. 414, (1895).
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© Before leaving this table, it should be noted that the shonki-

- nite analysis represents the rock as actually found in Shonkin Sag,

and it appears as if there is a, somewhat important difference
between shonkinite and the typical kodurite, lying in the 8 per
cent. of nephelite in the former rock. Weed and Pirsson, how-
ever, in their original description of the rock, propound the term
shonkinit¢ for “a granular plutonic rock consisting of essential
augite and orthoclase,”” and regard the shonkinite of Shonkin Sag
as an olivine-shonkinite with accessory nepheline.

Reverting to the table on page 222, it is noticed that the
most acid member of the series—quartz-ortho-
clage-rock—differs from a true potash-granite in
the absence of any micas, hornblendes, or
pyroxenes, or the equivalent garnets; in fact, this rock is one which
Hatch, following Brogger, would treat as belonging to the leucocratic
group of the hypabyssal rocks (see pp. 211, 227, and 228, of his
Text-book of Petrology, 5th edition), and the treatment of the
kodurite series consonant with Hatch’s Text-book would be to
place the whole series amongst the differentiated hypabyssal
rocks and regard it as having broken into two complementary
segments, leucocratic and melanocratic. But if one comes to details,
this sub-division is not so easy to carry out, because there is a
gradation from the most acid member of the series to the most
basic, although one could easily class the acid and intermediate
divisions as leucocrates, and the remaining divisions as melano-
crates. In fact, the rocks have solidified before the differentiation
was complete, and there has not been any separate eruption of
the different units. From the field evidence it is difficult to decide
whether these rocks should be regarded as truly plutonic or as
hypabyssal ; but, in spite of the relatively small size of the occur-
rences of this series, I am inclined to consider them as plutonic
rather than hypabyssal,

The point to which I would draw the attention of the American

, petrographers is the elasticity of Hatch’s classifi-
ch‘i‘:l;tic.':ﬂn_“ Hatch's  cation. In the present case, we have a series

* of rocks the members of which are genetically
related. We are not certain whether the series is to be regarded
a8 plutonic or as hypabyssal. If the former be the truth, we
can add a8 mangan-subseries to the potash series of the plutonic
rocks. If the latter be the truth, we can split the series into
two families, ome of which falls into the leucocratic group

Classitication of kodu-
rite series if hypabyssal.
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of the differentiated hypabyssal rocks and the other into the
melanocratic group. At the same time, the relationship of the
rocks of the series, one to another, is preserved. Were one to
ascertain the position in the Quantitative Classification of each
member of the kodurite series, they would be found to be
scattered over many parts of the classification, dissociated from
each other and associated in many cases with totally unrelated
rocks.

C.—Comparison of the two methods.

Summing up our deductions as to the relative ability of these
two classifications to deal with the kodurite series, we may say
that the Quantitative Classification has proved itself inelastic and
incapable of dealing with the kodurites without introducing modi-
fications unsanctioned by its authors, whilst it scatters about the
various members of this series, a8 it would of most other series ;
further, it can only deal with such a series by the creation of a
emall host of names of barbarous sound to which one travels
through a forest of equally terrifying adjectives. On the other
hand, Hatch’s classification is so elastic that it can satisfactorily
assimilate the whole series, whether it be regarded as of plutonic
or hypabyssal origin; it marshals the rocks of the series in their
proper relationships one to the other; and, lastly, the names
already proposed are sufficient.

I.—THE QUARTZ-BARYTES-ROCK OF SALEM.!

In 1897, Sir. T. H. Holland? described a quartz-barytes rock
forming a large proportion of two low hills between Mittur and
_ Alangayam in the Salem district, as well as a complex of veins
traversing the neighbouring crystalline rocks (pyroxemic gneiss and
augite-diorite), up to a distance of 5 miles in one divection and 2
in another from the main plexus. He arrives at the conclusion
that the quartz and barytes are the normal original constituents
of this plexus and that they separated from an injected I}I?bile megma
like many commoner pegmatites of a different comaposition, although
““ no evidenoe is forthcoming concerning the temperature of the magma
prior to consolidation.”” The remark quoted applies to many more normal

1 Although not comprised in the $itle of this paper the consideration of this rook
may be ap }n-iatel inoluded.
2 Rec. JE » XX X,'pp. 286-242, (1807

[}

-
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tites, and it seems fair to test the Quantitative Classification

. by investigating its ability to classify this abnormal rock.! )

As the result of specific gravity determinations on 60 specimens

of the rock, Holland arrives at the following average percentage
composition for the rock :—

Quartz . . . . . . . . . 69-2
Barybos . . . . . ... 308
The barytes itself is found to possess the following composition :—

30804 . . . . . . . . . 94'15

. CaS0, . . . . . . . . . 401

Fe,0, & ALO, . . . . . . . . 093

8io, e e, 063
Moisture and loss on ignition . . . . . 030

10002

For the purposes of calculation we may neglect the oxides of iron

and alumina and the last item, and take as the average composi-
tion of the rock :—

80, . . . . 604

BaS0, . . . 208 .. BaO . . . . 193
{c.o <« . . . oB

Ce80, . . . 13 80, . . . . 108

As there is no other way of rearranging the constituents of the
rook, both the norm and the mode may be stated as:—

Quartz . . . . . . . . . 6894

Barytes . B

Anbydrite . . . . . . . ., | 13
. 1000

—

1 F. W. Clarke, ‘Data of Geochemistry,’ Bull. No. 330, U. §. Geol. Sury.,
. 800, (1908), discussing this case, says that the mode of origin accepted by
d is chenflcally improbable, because in a molten state quartz (or free silica)
would reaot upon barium sulphato to form a silicate with liberation of sul hurio
acld or sulphur dioxide. There is no natural mineral BaSiO,, and although lgoSi()a
has been prepared artificially, I can find no record of its specific gravity. But the reac-
tion, CaB0y + Bi0,=CasiO, + 8O, involves s 31% decrease in volume of the solid con-
stituonts. Tho analogous reaction for barium would doubtless also show & large
decrease, and therefore we should expeot the reaction postulated by Clarke to
take place whilst the molten rock was under considerable pressure. If, however
tho 80, was for any reason unsble to escape, I see no reason why, on muching'
the lower temperatures and pressures that may have prevailed during the intru-
sion of these veins, the sulphuric acid, formed by union of 80, with water, should
not bave beoome s more powerful acid than the silicio acid and have reversed the
reaction, with the resultsnt production of a quarte-barytes rock, '
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Neither barytes nor anhydrite have been included in the list of
standard minerals on pages 115 and 116 of the Quantitative Classi-
fication, but there is little doubt that they should be classed with
the femic minerals in the' A sub-group, containing apatite, fluorite,
calcite, pyrite, etc.

We may now attempt to classify the rock as follows :—

Sal 7

F‘:‘m< T > g— .. Class 1I—Dosalanc.

QCFTL > —Z g .. Sub-Class L

Q 1 . . .
£l > 3 .. Order 1—perquaric—no ropresontative.

The SO, might next be dealt with by the formation of sub-

orders on the basis of ratios of quartz to sulphates, with a five-
fold - sub-division, g» = ggf,z < % > %- . .*. Sub-order 2—dosi~
licie.

It should be noticed, however, that a large number of quartz-
veins and very siliceous pegmatites, which must in many cases be
regarded as igneous rocks, must fall into this same order, and it
might be desirable in treating such rocks systematically, to use
some other criterion than the abundance of sulphates for forming
sub-orders. In any case, the rock high in sulphates is found to be
dosilicic, so that the sulphate is not expressed in this way.

In order to attempt to proceed further with the classification
of this rock, the BaO must be regarded as CaQ”. It then appears
that the rock cannot be further classified at all, because the ratios
used in the formation of rangs, subrangs, grads and subgrads are
completely inapplicable. The quartz-barytes-rock has, therefore,
to remain classified in the dosilicic sub-order (2) of the perquaric
order (1) of Class I, grouped with any other very quartzose rocks
in which the ratio of quartz to minerals containing other acid
radicals than 8i0, is<7/1>5/3. The method seems to have failed
completely, as we have not succeeded in giving any classificatory
weight to either the BaO or the SO,

IV.—CONCLUSION.

In view of the vast time, thought, care, and ingenuity, applied
by the four eminent American petrographers to the construction of
their Quantitative Classification (see p. 99 of their work), it is only
with great hesitation, and after actual trial, that one may venture
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not to adopt it in place of the admittedly unsatisfactory methods
of cla,smﬁcation of igneous rocks, as expressed in Rosenbusch’s and
Zirkel's great works in German, and in the text-books of Harker
and Hatch (earlier editions) in English. Further, I, personally, am
not the' one to object to the large number of new ;nnemonic };ouns
and adjectives invented, however uncouth and barbarous they ma
sound until one’s ear and eye becomes inured, if it can be };howg
!:h&t any real service is done to petrographical science by their
introduction, Apart from the defects in the system revealed by
my treatment of the kodurite series, and these pointed out by
Evans in the article cited, the system, even if logically perfect
would be. quite unsuited for use by the working petrographer in tht;
ﬁeld,‘owmg to its foundation upon the basis of comp]etz quantitative
chemical analysis. This unsuitability of the system is recognised
by the authors, and they consequently propose a separate system
of nomenclature for field use (. c., pp. 180-185), in which the pri-
mary sub-division is into phanerites and aphanites, terms which
explain themselves. The phanerites are then subdivided into five
groups—granite, syenite, diorite, gabbro, and peridotite-pyroxenite-
hornblendite—the more cxact modern meanings of these terms being
abandoned and a return made to their earlier meanings according
to Werner, von Leonhard, and d’Aubuisson. This return, seems
however, most undesirable,! as likely to lead to great coniusion. ’

There is, however, no doubt that quantitative considerations
must be introduced into petrographical classification if this branch
of science is to progress. It seems to me that Hatch has very
skilfully grafted certain of the American ideas upon the ordinary
classification of plutonic rocks, and has built up the skeleton on
which a really serviceable classification may be moulded. A simi-
lar clussification is applicable to the volcanic rocks, 2 whilst, for
the hypabyss'l rocks, the method of first subdividing them into
undifferentiated and differentiated rocks, and then treating the un-
differentiated hypabyssal rocks on lines analogous to those adopted
for the plutonic rocks, whilst applying to the differentiated rocks
Brigger's conception of complementary types, seems peculiarly well
suited to our present knowledge.

One is, therefore, compelled, though reluctantly, to deny the
suitability of the American system for all ordinary purposes; but

! Excopt for commercial purpaoses, with refer ildi
* Hatch’s Text-bouk, p. ;48.[) once to bullding stoncs.
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one must recognise the great influence it is destined to have on

the petrography of the future by compelling petrographers to in-
troduce quantitative notions into their classifications. Hatch’s
attempt is the first evidence of his influence.

For purposes of detailed investigation of related rocks, it is
possible, however, that the American classification may be of the
greatest value. Thus, although one prefers to subdivide the granite
family into the four sub-families—soda-granite, potash-granite, ada-
mellite, and granodiorite—instituted by Hatch, yet, if one wished
to study and compare all the known granites from all over the
world, it would probably be very helpful to classify them into all
the different rangs, subrangs, grads and subgrads, for instance, into
which they would fall,

In the discussion on Whitman Cross’ paper, ‘The Natural Clas-
sification of Igneous Rocks’, Q. J. @. 8., LXVI, pp. 470-506, (1910),
the English petrographers present made unfavourable comments on
the quantitative system. Whilst agreeing with them in most res-
pects, I ventured to express the opinion that the idea of the norm
might be of great value in enabling one to compare one rock with
another irrespective of the accidents of consolidation. Recently
I have been making use of the norm, and must state at once that
I find it of the utmost value. By its aid one is translated from
the province of p trography lying at one end of the petrological
domain to that of petrogenesis lying at the other.

By the application of this idea of the norm to various series
of rocks, both Indian and foreign, I have arrived at several petro-
genetic conclusions, some of which appear to me to be of general
interest ; but, as the investigation is not yet complete, I must
postpone their. development and discussion to the next part of
these Records.
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East of Bhutan two geological traverses have already been made .

into the outer ranges of the Eastern Himalaya, the first by Lieu-

tenant-Colonel H. H. Godwin-Austen in 1875, when he visited .

the Daphla Hills with the force then operating there!; and
the other by T. D. LaTouche in 1883, when he accompanied an
expedition against the Akas, a tribe occupying the Lower Hima-
layas to the north of Tezpur in Assam, between the Bhutanese
and the Daphlas.?

In November of last year (1911),1 was deputed to accompany
the Expeditionary Field Force which was proceeding against the
Minyong Abor clans living in the valley of the Dihong. The
notes which make up this report are the results of my observa-
tions, and are incomplete enough to draw attention to the fact
that the ordinary difficulties of the geologist in very mountainous
country, covered for the greater part with unbroken forest and
enjoying an exceedingly high rainfall, are not lightened by the
necessity of working during the progress of a military campaign.

It was anticipated that the general sequence of geological form-
ations recognised at different times in the sub-Himalayan zone,--
by F. R. Mallet in the Darjeeling Terai and the Buxa Duars?
by G. E. Pilgrim in the foot hills of Bhuten,' and by H. H.
Godwin-Austen and T. D. LaTouche in the Daphla and Aka
countries respectively,—would be more or less followed in the
Abor Hills. This surmise has proved correct, and the results
that I am now able to bring forward lend confirmatory evidence
to the belief, that stretchmg from Nepal in the west at least as
far as the Dihong valley in the east, there are more or less con-
tinuous bands of strata of the Metamorphic (probably pre-Cambrian),
Gondwana, and Upper Siwalik systems, flanking and running roughly
parallel to the central crystalline axis of the Himalays itself. Al-
though it will probably be wany years before the intervening
gaps are all filled in, owing to the hostility of the wilder hill
tribes as well as to the immense difficulties of work and transport

1 H, H. Godwin-Austen: “ Notes on the Goology of partof the Dafla Hills, Assam,
lately visited by the Force under Brigadier-General Stafford, C.B.” Journ., As. Soc.
Beng., Vol. XLIV, pt. 2, 1875, pp. 35-41.

2 Tom D. LaTouche : “ Notos on the Geology of the Aka I-hlls, Arsam,” Rec., Geol.
Surv. Ind., Vol. XVIII, (1885), pp. 121-124.

3F R. Mallet : * Geology o? Darjiling and the Western Duars,” Mem., Genl Surv.
Ini, Vol. X1, (18765).

ft Q. E leanm “ Notes on the Geology of a portion of Bhutan,” Ree., Geol. Surv.
[ni Vol. XXXIV, (1908), PP 22-30.

T
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in such regions; yet it is contended that the broader geological
features may be assumed with much less hesitation than before,
end used in our endeavours to solve the geological history of these
eastern parts of the great chains.

I would here express my indebtedness to Major-General Bower
C.B., General Officer Commanding the Abor Expeditionary Field
Force for opportunities given me to make geological investigations
and especially for my appointment as a member of the Dihong
Exploration Column. My thanks are also due to many officers
of the Staff, of the 2nd and 8th Gurkha Rifles, of the 32nd Sikh
Pioneers, and of the 1lst King George’s Own Sappers and Miners,
for assistance in my work. I am especially indebted to Captain
0. H. B. Trenchard, R.E., Survey of India; to Captain Sir George
Duff Sutherland Dunbar, Bart., Commandant, Lakhimpur Military
Police; to Captain Charles Melvill, I.M.S., Staff Surgeon; to
Mr. A. Bentinck, I.C.S., Assistant Political Officer; and to my

colleagues of the sclentlﬁc party Messrs. S. W. Kemp, I. H. Burkill,
and J. Millroy.

Maps.

The only available map was that issued to officers with the
Abor handbook at the commencement of the expedition. This
was on the scale of 1 inch to 4 miles, and was accurate as far
north as Kebang in the immediate vicinity of the Dihong. Beyond
this point all positions had been conjectured and proved to be total-
ly incorrect. By the courtesy of Captain O. H. B. Trenchard,
R.E., who was in charge of all topographical surveys, I was given
tracings of the new map under construction, and by this means
was able to locate the features of geological interest with the
help of geographical notes made while on the march.

Recent Alluviom,

J. M. Maclaren has already pointed out that the alluvium of
the Upper Assam valley may be divided, to a more certain degree
than that of any other Indian river, into the two regions of
“ bhangar,” or hlgher lsnd, and “ khada,r,” or low land subject
to annual floodihg! Both the Dihong from the point where it
leaves the hills up to its junction with the Lohit, and the Brahma.-

1 J. M. Maolaren: “Geology of Upper Assam,” Rec., Geol. Surv. Ind., Vol. XXXJ,
(1904), pp. 179-204.
B2
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of the Aka Hills reach! It seems certain, however, that the
low-lying outermost ridge which can be observed to the north

from Dibrugarh and which is continuous for some distance along .

towards the east, as iz so well seen d\lring the journey up the
Brahmaputra from Dibrugarh to Kobo, is partly, if not entlrely,
made up of terrace and drift deposits of this period.

In the absence of a large-scale topographical map it is im-
possible to survey accurately the various terraces or to draw their
boundaries definitely, and I have therefore shown them as a gen-
erally continuous band. The exposure of these old gravels is duse,
as Maclaren has noted, to an increase in the steepness of the slope
of the river valley, whereby the deposits at its head are cut down
until the natural slope under the conditions which prevail is
reached, but whether this change has been effected by elevation of
the head of the valley or, by depression of its lower portion is still
an open question.

Siwalik Series.

The Siwalik series was only crossed in one place,—~the main
line of march up the Dihong valley followed by the expedition,
and I have therefore few observations to make upon it. After
leaving the allavium and commencing the ascent over a spur be-
tween Pasighat and Janakmukh, large blocks of hard white sand-
- stones are found about the hillside, but not in situ. Near Janak-
mukh massive bands of softer but coarser material, often containing
numerous small quartz pebbles, are seen. Below the camp at
this- place soft, greyish, speckled black, micaceous sandstones out-
crop which sometimes contain nests of bright lignite or carbon-
aceous shale. These fragments of coal, undoubtedly formed from
pieces of drift wood deposited during the formation of the sand-
stones, have given rige in certain quarters to the hope that ex-
tensive coal-seams might be found in them ; from what I have
seen of these rocks I do not think that this is at ell likely. Just
beyond the camp the dip is 50° to the north-west, but this varies
a8 much as 10° more or less owing to local contortion. Mica-
ceous sandstones of the pepper and salt type comtinue along the
northern road which runs along the right bank of thg Dihong,
and their softness and habit of outcropping in clifis were sources

1 T. D. LaTouche : Joc. cst., p. 122
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of great trouble in road-making operations. At the second mile

"they are followed by hard white sandstones and quartzites, the

dip becomes higher in the opposite direction whilst the strike
‘remains the same. From this point there is a gradual ascent to
an open clearing,—an old Abor “jhum,” known as Rammidumbang,
which has an elevation of 2,000 feet above sea-level. There are
no exposures up to the top, but the ground is covered in places
with rough blocks of hard Siwalik sandstone. From this elevation an
excellent view of the debouchure of the Dihong into the plains is
obtained. The wide break which it makes through the Siwaliks
is very well marked, the tops of the ridges on either side exhibit-
ing & curious conical appearance ending in sharp peaks with almost
symmetrical sides. Landslips are very common, and the light-
coloured Tertiary strata show up well against the dark green of
the true sub-Himalayan rainy forest which covers the hills in every
direction. The dip as seen in the landslips around appears to be
to the north-west, and it is from the lie of the country from
this point that I have drawn in the junction of the Siwaliks with
the older Gondwana strata.

J. M. Maclaren has demonstrated the absence of these Tertiary.
strata in the vicinity of the Brahmakund and for some 25 miles
to the north-west along the flanks of the schists, and thinks that
their first appearance on the north bank of the Brahmaputra,—
judging from the outlines of the hille—"is in the vicinity of the
old Ahom walled city of Bishemnagar,” whence they extend
north-west and wrapping around the debouchures of the Dibong
and Sesseri enter the area under description! There is an
unvisited gap between this point and the country north of Dibru-
garh visited by H. B. Medlicott in 18652 and the neighbour-
hood of the Subansiri, where the typical sandstones attain a great
thickness, but there need be no doubt as to the continuity of the
belt to these points, whence it is supposed to run to the classic ground
of the Siwaliks themselves. The apparent absence in the Abor
country of those thin shale and clay bands which are found in
these rocks elsewhere, is probably due to the paucity and imper-
fect nature of the available exposures. It is probable that the
fossil elephant’s tooth mentioned by H. B. Medlicott as having

1 J. M. Maclaren : loc. cit., p. 193,
:‘3? B. Medlicott : Gcologxcal Notes on Assam,” Mem., Geol. Surv. Ind., Vol. 1V,
P
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putra from - this point down as far as Dibrugarh, are fast-flowing
rivers with currents of considerable strength, and, although peculiarly
liable to rapid rises or sudden floods, are more or less confined
to their banks. Great areas of country -are however submerged
in the rainy season below this point. Quite apart from the fact
that it is a heavily silt-laden river, the fall of the bed in this
-upper region i8 too great to allow of any extensive deposition, so
that gravel and pebble beds are seldom seen. In the few pebble
beds of the Brahmaputra proper and in the Dihong from the Lalli
Mukh up to Jawpong—an outlying Pasi Abor village on the
alluvium,—the greater part of the material was found to be well
rounded and the pebbles on an average 4 to 6 inches in length,
often deposited 8o as to show the direction of the current. White
and pink quartzites, hard sandstones, decomposed traps and vol-
canic ashes predominate, while granite and gneiss are very rare.

From Jawpong to Pasighat the current of the Dihong becomes
swifter, rapids are of more frequent occurrence and there are
greater evidences of denudation. The boulders too become larger,
though they still consist of much' the same material.

The flat alluvial plain stretches north from Kobo to the foot
of the hills as far as Pasighat. In every direction it is covered
by dense forest, save for a few open patchee or “chapris’’ where
tell rank grasses flourish. This area is practically uninhabited
and the luxuriance of the vegetation entirely masks the ground.
With the recent alluvium must be classed the pebble and boulder
banks and the masses of earthy debris which the excessive denuda~
tion of the present day is producing. The former are to be
found about the debouchure of the river and smaller - streams,
and the latter forms the gently rising ground which occurs towards
the base of the foot hills, and often contains very slightly worn
fragments of the local rocks.

Pleistocene River Terraces.

Both the latter types of deposits are to be carefully distingnish-
,ed from the Pleistocene river terraces which form ,such a constant
83010glcal feature along the hills at the foot of the Eastern Hima-
layan cham, and which have also been recorded by T. D. La
Touche in the valley of the Upper Dihing and in that of its
pnnclpsl tnbutary the Dapha. There, three terraces exist 250, 160
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~and 140 feet in height respectively, and the surface of the oldest-

reaches 1,000 feet above the level of the valley.!

Marching north from Pasighat, the road crosses level alluvium
for 1§ miles and then commences a steep ascent over Pleistocene
deposits overlaid on a core of Siwalik rocks. Before Janakmukh
is reached the Siwaliks themselves are seen outcropping, and in
the bed of the river, a quarter of a mile below the camp a raised
river-terrace section, 150 feet thick, caps a cliff of Siwalik sand-
stones 200 feet high, so that the top of this terrace is 350 feet
above the present level of the Dihong. A certain rude stratifi-
cation is developed and the terrace contains at least two well
marked beds of sand. The boulders and pebbles contained in it
are the same as those found in the river-bed at the present day.
The top surface of this terrace seen from a distance appears to
be level, and there are also traces of a higher one exposed in a
landslip to the west. This terrace is comparable with that found
by J. M. Maclaren at Mishmighat where the Lohit Brahmaputra
leaves the hills, or with those noticed by the same peologist on
the way to the Brahmakund.?

It is probable that the wanderings of the rivers over the plains
during a long course of time have removed by erosion considerable
thicknesses of these Pleistocene deposits, and to this cause must
be put down their absence at the actual debouchure of the Dihong.

. - Further west, elevated river gravels and hills. of confused drift:
aro found, as for example near Balek, where immediately opposite
the new. stockaded post a section is exposed in the. steep side. of
a stream-bed. This consists almost entirely of unstratified clay with.
boulders of various sizes of Tertiary sandstones. Again, at the.
Pasi Abor village of Bakang, a quarter of a mile below the: stock-
ade, & Pleistocene terrace 60 feet in thickness is well exhibited.
Small water-worn sandstone boulders strew its face, down which.
the path runs on to another and smaller terrace some 20 feet
thick just below. No opportunity for making a traverse to- the

"north in this- area was afforded, but it is probable that these de-

posits- continue further in some way towards the Siwaliks, though
I do not think that they attain.the height of 800—900. feet which
the Pleietocene drift- deposits seen by T. D. LaTouche at: the bage

1T, D, bTouehe “ Goology of the Upper Dihing basin in the Smgpho Hills,” Rec.,

Geol. Suw Ind., Vol. X1X,
I M Mlchren loe, cit., p 195
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been found in the gorge of the Deijmoo, (Dirjmur) north of

Dibrugarh, really belonged to the living species Elephas indicus,
as several 'were picked up in similar places during the Abor

expedition.
Gondwanas. .

Rocks belonging to this system have previously been described
from every other part of the Eastern Himalaya which has been
geologically examined, and it wss therefore thought that they
would be met with beyond the Tertiary zone in the Abor hills.
F. R. Mallet was of the opinion that they occurred in small lenti-
cular outcrops and mapped them as such in the Baxa Duars?
G. E. Pilgrim 2 however has shown that it is not impossible for the
band to be more continuous than this, the special circumstances
which tend to prevent its discovery being the completeness with
which the coal-seams and softer beds are concealed by the thick
soil-cap and jungle, and the resemblance which some of the Gond-
wana quartzites and graphitic schists bear to similar, beds  belong-
ing to the older metamorphic system. Unfortumtéiy no_ actual
contact of the Siwaliks and the Gondwanas was met with, but
it is believed that the junction is marked by an,overthrust |as is
the case everywhere else. No fossils were obtained from the, beds,
but their lithological characteristics and their position are sufficient
to identify them. The commonest types met with are white and
greyish white, indurated sandstones and quartzites, reddish, fer-
ruginous shales, black carbonaceous shales often with clay-ironstone,
septarian nodules, hardened, greyish blue shales in which & schis-
tose structure has been developed, and coal-seams.

Near the top of the ascent from the open clearing of Rammi-

Description of road Gumbang the soil becomes black and at the
section across the Gond- crest of the lower ridge there is & small out-
waass. crop of a highly contorted, black carbona-
ceous shale which is coaly in places. The road still ascends,
until the “ coolie kol ” is reached after which it descends gradually
to the Sirpo stream. Hard white sandstones, ocontorted grey
Blates, contorted reddish-brown and reddish-purple shales are the
commonest rocks, but nodular black shales and hardened greyish-

1 nd.l %anllet: % Geology of Darjiling and the Western Duars,” Mem, Geol. Sxrv.
s VO

* G, E. Pilgrim : * Notes on the Geology of & portion of Bhutan,” Rec, Surv.
Ind, Vol XXEIV, p 24 °7 5 o2 portion of Bhutan,” Bec., Geel

r
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blue shales with a quasi-schistose structure are also seen. Dense

' jungle covers the whole country and as outcrops are small and rare,

it is impossible to obtain a continuous section or to unravel 'the

" inter-relationships of the various rock types. i At the Sirpo stream

a fine-grained, light grey quartzite is developed, which under the
mioroscope, is seen to comsist of small angular grains of quartz
exhibiting strain shadows, set in a finer quartz matrix. Flakes
of a pale mica and fragments of magnetite are .the only other
minerals present. Carbonaceous shales are interbedded with the
quartzites, and in one place there is & coal seam 4 or 5 feet thick.
Other patches of coal were also found in the neighbourhood, and
it seemed ae though they might once have formed -continuous
geams, having assumed their present lenticular condition as a direct
result of the intense crushing to which they have been subjected.
The coal too bears evidence of the same disturbing forces, for
it is exceedingly {friable and powdery, and falls to pieces when
handled. These beds bear a remarkable resemblance to similar
ones found in the Darjeeling Damudas and concerning which F. R.
Mallet wrote as follows :—“ At the same time, the crushing to which
the seams have been subjected, has squeezed them so that they
vary greatly in thickness within a few yards, and has induced &
flaky structure in the coal itself which renders it so friable that
it can be crumbled into powder between the fingers with the great-
est ease. This flakiness is in fact true cleavage, and the mineral
may in one sense be regarded as a coal slate.’

.Between the Sirpo stream and Renging, black, contorted car-
bonaceous shales and slates are the commonest rocks, but hard
fine-grained sandstones simulating limestones, and hardened red
shales were also found. At Renging a hard, coarse, grey, indu-
rated sandstone interbedded with thin bands of dark grey slate
strikes north 60° east and dips south 30° east at 51° The dip,
however, varies greatly and becomes nearly vertical a few yards
further to the north.

A traverse was made up the valley of the Sireng from Rotung.

' By far the greater part of the route cr
Gond . 088es
the Upper Sivens valey typical rocks of the Abor Volcanic Series, but,
txo .hl:o south-west of pear the point where the Kalek-Mishing road
crosses the Sireng, sandstones and shales of

1, F. R Mallet ; loc. cit., p. 15, -
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the Gondwana beds themselves were found. The arbitrary line

which I have drawn separating the Volcanic Series from the
Gondwanas proper near Renging comes into much the same strike

here, as a glance at the map indicates.

A feature of more than wusual interest, however, is the rare
occurrence of rolled limestone boulders in the upper course of the
river, that is to say in its narrow head valley, overlooked by the
high spurs of Torne Hill among which it rises. Hampered by the
difficult nature of the area and by want of time, I was unable
t6 locate the beds from which the boulders come, but those which
were seen were composed of a dark bluish-grey, slightly arena-
ceous limestone with generally indeterminable fossil remains, but
including badly preserved crinoid ossicles. These rocks undoubted-
ly belong to the base of the Gondwana series, and must occur
somewhere in the steep, jungle-covered ravine slopes of the upper
Sireng.

Their interest lies in the light which they throw on those boul-
ders of fossiliferous Permo-Carboniferous limestone found in 1903
by J. M. Maclaren at the mouth of the Subansiri gorge,! and from
‘which C. Diener has described a small Anthracolithic fauna.?

It has been generally believed that these fossils have been
brought from the head-waters of the Subansiri, which was sup-
posed to cut its channel through the main Himalayan range, and
to have its sources on the edge of the Tibetan platean. The
recent survey work in the Subansiri valley, accomplished during
the course of the Miri Mission (1911-12), though not finally dis-
proving the contrary, has made it exceedingly doubtful whether
the Subansiri or any of its principal feeders break through this
‘chain. In the light of the Sireng occurrences we are forced to the
opposite conclusion first brought forward by J. M. Maclaren, that
‘the locus of these fossiliferous beds may be looked for at the base
of the Damuda series at no very great distance from the plains
of Assam. The beds in the Abor hills in this position appear
therefore to indicate roughly a point on the northern coast line of
-Gondwanaland, or at any rate its very close proximity.

L J. M. Maclaren : loc. cit., pp. 186-187. )

* Prof. C. Diener : “ Notes on an Anthracolithic Fauna from the mouth of the Su-
bansiri Gorge, Assam,” Rec., Geol. Surv. Ind., Vol. XXXII (1906), pp. 189198 ; in this

connection see also T. H. Holland : “ General Report, Geological Survey of India, 1903-04,”
Rec., Geol. Surv. Ind., Vol. XXXII, pp. 153-164.
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Abor Volcanic Series.

' Beyond Renging there is a great development of decomposed

‘traps, which in hand specimens are usually of dirty grey !shades
with white markings, indicating the position of kaolinized }felspar
crystals. Owing to the vegetation, and the rapidity with¥Ywhich
observations had to be made while marching with fast-moving
convoys, the details collected regarding this interesting group of
rocks are somewhat scanty, and all that can be done is to give
an account of such exposures as were met with on the direct line
of march. If the dips seen at Renging are taken as correct, the
traps and associated rocks are older than the quartzites, slates and
indurated shales found between that place and Rammidumbang. This
however is uncertain. Owing to the interbedding of contempora-
neous volcanic bands before they attain their maximum develop-
ment further to the north, with rocks identical in every respect
with the Gondwanas proper between Renging and Upper Rotung,
their age is established. At the same time the sub-division in the
system to which they should be allotted will remain a matter of
doubt until further work is done on them.

H. H. Godwin-Austen in 1875 was the first to draw attention
to the existence of volcanic rocks in the Eastern Himalaya. In
the Daphla Hills he found the Gondwana coal-seams and asso-
ciated rocks succeeded by white quartzite beds, but, having no-
where discovered an actual contact, came to the conclusion that
they belonged to F. R. Mallet’s Daling series. He writes as fol-
lows :—* On the road to the bridge built by the force above Camp
No. 6, a dark green rock is conspicuous by it8 very trappean
appearance : at the bridge a very white quartzite underlies  it,
dipping B5° south-east.’’

The decomposed beds of trap which outcrop beyond Renging
camp continue to the top of the kotal from

which the last view of the plains is obtained.
Here poor exposures of carbonaceous shales are
visible, They are followed at once by white and pinkish white
quartzites, with thin green and bright red shale bands, interbedded
with which are pumerous lava beds extending for over a mile.
At the top of the ridge down which the road zigzags to the
smaller branch of the Egar river, there is a very well marked

Road Section Renging
to Rotung,

1 Godwin-Austen : loc. cif., p. 39.



242  Records of the Geological Survey of India. [Vor. XLII.

outcrop of the same kind of rock, but quartzites come in again .

at once and continuing up the Razor Edge ridge, and then across

the main branch of the Egar stream, reach & point a mile and.

& half below Upper Rotung camp. At this point hardened shales
with an occasional sandy parting crop out but only for a short
distance, when they are replaced by traps which appear to make
up the rest of the country as far as Rotung.

This succession i8 not continuous, and there are often gaps
where .all outcrops are entirely masked. The exposures too are
very broken up, the quartzites especially weathering down into
cuboidal fragments which strew the path. The dip near Upper
Rotung is 60° to the south-west, but further to the north the
strike seems to veer more to the east. Near Rotung stockade
loose pieces of amygdaloidal volcanic rock and a few large blocks
of volcanic agglomerate can be seen on a ‘ jhumed >* hillside.

There is therefore no doubt about the contemporaneousness
of these traps with rocks exactly similar to those found associated
with coal-seams a little further to the south, and the line separat-
ing the Gondwanas from the Abor Volcanic series merely marks
off the area in which the latter attain their greater development
and are freer from other deposits.

Rotung stockade is situated on a flat * jhumed ™ expanse over-
looking the Dihong and some 1,000 feet above
R.Y::‘;‘_"" Serles around 3 The path winds down the precipitous sides
of the gorge-like valley through which the river
here runs, and dense forest masks all outcrops, but in the actual
bed of the river excellent gxposures are obtained, consisting of massive
lava flows of dark green and dark reddish rocks, generally containing
amygdaloidal cavities filled with chalcedony, opal and clear quarte.
Green and red jasperised bands are common and are probably the
result of infiltration. The whole series strikes approxlmstely east
and west and dips north-north-east at 50°,

Between Rotung and Yambung, (which is just below the Abor
village of Kebang), similar decomposed traps

t.%"::,,f::f’“ Rotulf ylternate with quartzites, and just below
Yambung camp an accessible cliff section

displays hard white and reddish white quartzites, blackened and
polished within the flood level of the river. There are also thin
bands of purple shale and one or two layers of metamorphosed
shale to be seen. The dip here is at 506° to the north-west
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. The nearest outcrop of igneous rock along the road is situated
* mile to the south of yambung camp, and consists of a fine-
.grained grey basalt with a few small cloudy quartz geodes. Under

the microscope this rock is seen to be made up of a felted mass
of small, lath-shaped, plagioclase felspar crystals set in a decomposed
chloritic ground mass, which also contains small grains of magnetite
and small decomposed augite crystals.

The series is next met with in the neighbourhood of Riu, though

The Abor Volcanic the Abor track followed by the exploration
Serles ia the neighbour- column between Komsing and that place kept
hood of Ria. for the most part over soil and jungle-covered
slopes, where exposures were exceedingly poor. The only rocks
vigible - along the eight miles of road separating these two vil-
lages being dark greyish-blue decomposed amygdaloidal lavas, inter-
bedded with shale-like tufis and with purple and greenish slaty
shales, with an occasional brownish red sandstone parting.

Riu itself is situated on a steep hillside at an elevation of 2,050
feet above the sea and some 1,250 feet above the Dihong. There
is a steep descent to the river across reddish tenacious clay, the
product of the weathering of the traps. The river-bed is here
about 200 yards wide, and the flood level over 70 feet above that
of the winter. Excellent exposures of the traps are seen on' both
banks, the flows being very maseive and little weathered, and
sometimes showing a rough prismatic jointing. Hard white and
reddish-white, massive quartzites are in places interbedded with
the traps. The general strike is north 18° west, and the dip at
44° in an easterly direction. .

Traces of voleanic rocks are found beyond Riu on the steep
descent which the northerly road makes to the Ebung stream, but,
after crossing this, greyish white quartzites are followed by a suc-
cession of traps interbedded with purple shales and quartzites until
the road reaches the river-bed again, where massive greenish grey
and reddish outcrops of lava-flows up to 60 feet in thickness are
found. The strike is here north-14°-west and there is little doubt
that the quartzites are identical with those found below Riu. The
river flows straight along the strike, and the water is confined in
o narrow, and very deep rock-bound channel. Some of the traps
are amygdaloidal, and are interbedded in one place with a thick
bed of shale which has been hardened by thermal metamorphism,
become light brown in colour, and developed & new jointing
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perpendicular to the bedding planes. The junction of the flow with,

the shale can be seen and illustrates at a glance the contempv-
us nature of the former. .
rani)t Geku crossing, a little further up stream the rocks on both
' banks of the river strike north and south and
Sections st ek qi, wegt at 45°, though there is still a good
crossio. deal of local variation. Hard, fine-grained, greylf;h-
black sandstones and quartzites in well developed layers, often with
joints and bedding planes marked by quartz mﬁlt:ra.tlons, are here
interbedded with greyish, indurated slates and reddlsh,- greenish and
mottled red and green volcanic ashes. The latter sometimes graduate
into thin shales of a yellow colour with irregular purple blotches.
Between the Geku crossing and the junction of the. Ma..bung stream,
on which the important Minyong village of Rige 1s sntuated: there
are good exposures of these rocks. After crossing the .vanegat‘;ed
volecanic ashes, hard, greyish-black sandstones are met with, lepch
in places are interbedded with hardened slaty bands; the original
ghaly structure is however quite evident. Large r(?uflded boulders. of
traps of various sorts, and of agglomerates containing amygdaloidal
pebbles are very common in the bed of the river. The greater
part of the detritus brought down by the Mabung is also of .vol-
canic origin. On the north bank of this smal! stream, greyish-
green’ shales with well marked joints and bedding-planes can be
seen, and on the opposite bank of the Dihong dark sa.ndstones
crop out. In places the latter contain layers of shale with very
numerous clay-ironstone nodules. At the mout?l of the Mabur}g
the dip is north-north-east at 64°, but the rapid changes in dip
and strike are very pecufiar.

Pétrology of the Abor Traps.

Almost all the specimens collected consist of greyish, greepmh
or reddish basaltic traps, often very amygdaloidal,. but sometn.nes
quite solid and showing signs of crushing and mechanical dfaformatlon.
The ground-mass is always very much decompqsed and Jmperfec.t}y
erystallized, containing small augite and magnetite granules. - Fairly
fresh lath-shaped felspars often occur and there are also la.rg.e
tabular forms,—once felspar phenocrysts. .Bemnants of oph{tlc
and micro-ophitic structure are generally visible. In every slide
examined green or greenish yellow patches of palagomtg occur,
wsually in rounded masses, but sometimes of & more irregular
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shape. These appear to represent the residual glassy portions of
the magma filling in irregular interspaces between the crystallized

. portions.  Extensive decomposition into chlorite, occurring in per-

fect spherical amygdules, takes place in some slides. There is
also a large amount of chalcedony present which appears to be
derived from the felspars.

In a slide from the Dihong bed at Rotung stockade colourless
prisms of epidote occur in a quartz geode, the crystals frequently
radiating from the walls, though in some cases a layer of quartz
intervenes. In a few cases an edge of a large geode is continued
across the slide as a distinet fissure filled with quartz or with
quartz and palagonite, finally dying out in the ground-mass. In
other cases the amygdules contain an outer layer of palagonite
in addition to epidote and quartz. The specific gravities of the
traps range from 2826 to 2'958. I am indebted to Mr. H. S.
Bion, Curator of the Geological Museum and Laboratory, for ex-
amining the rocks for me whilst I was in the field, and to my
colleagues Messrs. C. 8. Fox and R. C. Burton for looking over the
slides on my return.

These rocks show great resemblances to the palagonite-bearing
traps described by C. S. Middlemiss from the Rajmahal Hills,l
which in their general method of occurrence are also very similar
to those of the Abor Volcanic Series. This will be at once noticed
from the following description by Medlicott and Blanford :—

“In its typical locality the Rajmahal group of the Rajmahal
series consists of a succession of basaltic lava-flows or
traps with interstratifications of shale and sandstone.
The sedimentary bands are held to have been deposited
in the intervals of time which elapsed between the
voleanic outbursts, by the circumstance that the different
bands of shale and sandstone differ from each other
in mineral character, and also that the upper surface
of the shaly beds has sometimes been hardened and
altered by the contact of the overlying basalt, whilst
the lower surface is never affected. The sedimentary
bands are chiefly composed of hard white and grey

shale, * carbonaceous shale, white and grey sandstone,
and hard quartzose grit.”’2

* C. 8. Middlemiss: ** On some Palagonite-bearing traps of the Rajmahal Hilly and
Leocan,” Rec., Geol. Surv. Ind., Vol. XXII, pPp. 226-235.
¥ Manual of the Geology of Indsia, 2nd edn. (1893),§p. 175.

1
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Metamorphic Rocks.

As considerable differences of opinion exist regarding the
nomenclature and age of the metamorphic ro«;ks of the _Eastem
Himalaya, I propose to summarise here the views of various au-
thors on them :—

F. R. Mallet working in the Darjeeling and Buxar Duars areas
proposed the names Daling and Baxa series for the rocllc systems
which lie between the Gondwanas and the true crystalline strata
forming the core of the Himalaya. He was inclined to believe
that the Dalings were younger than the Gondwanas and was un-
able to make up his mind about the Baxas.!

R. D. Oldham gives the following concise description of the
two series :—" They consist of light green, slightly greasy, alatfas.
sometimes interbanded with a dark greenish grey kind, passing in-
sensibly into ordinary clay slates and more or less earthy or sil-
very according to the degree of alteration they have unde.rgone.
There are also bands of quartzite and quartz flags, occamona.lly
gome hornblende schist, sometimes slightly calcareous an.d passing
into an impure dolomite contsining crystals of actinolite. .Thu
is, however, a rare and exceptional rock, the most ?rommo_nt
lithological distinctions between these and th.e succeeding Baxn
series being the almost complete absence of lime and the rarity
of the brillisntly-colonred alternations of slates.’”” He then goes
on to say that “the opinion now prevalent is that of two conti-
guous series of beds the ome which exhibits the greatest degree of
metamorphism is primé facte the older,” and ‘later refers to that
common feature of Himalayan sections in which the newer beds
apparently dip under older ones. While. thq almost unive.sraal
prevalence of overfolding and reversed faulting in the outer Hima-
laya is admitted, the former statement 'regardmg the degree of
metamorphism cannot be accepted in its entirety.?

Colonel H. H. Godwin-Austen records the occurrence of meta-
morphic rocks in the Daphla Hills and. looked upon them as pro-
bably representing Mallet’s Daling Series, but made no suggestion
as to their age? '

T. D. LaTouche working in the Aka country; some 60 miles
to the west of Godwin-Austen’s traverse, met with micaceous slaty

1 F. R. Mallet : loc. cst., 38 and 44,
’ Ma’malaofethe Geology 4 Indis, 2nd edn. (1893), p. 76,
3 Godwin-Austen : loc. cit., p. 39,

L3
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schists and silvery greenish mica schists sometimes slightly talcose,

" owhich he regarded as the equivalent of the Daling slates and

schists of Sikkim, but stated that he was unable to throw any light
upon the question as to which of these series is the older.

P. N. Bose states that in Sikkim phyllites form the predomi-
nent rocks of the Daling group, passing sometimes into silvery
mica schists, dark clay slates with thick quartzite bands; grit-
stone, impure siliceous limestone and highly carbonaceous shales
also occur. He considers that they represent the slate series of
the north-west Himalaya, and C. L. Griesbach’s Haimanta system
of the Central Himalaya.?

J. M. Maclaren found metamorphic rocks n situ at the Brah-
makund, as quartz schists, and 6 or 7 miles north-west of the
Kund, as garnet and amphibolite schists. The quartzites, which
form a very large percentage of the rock debris in the river-bed
at the Brahmakhund, he regarded as not improbably representing
& portion of the Purana system, and small quantities of a schistose
slate or phyllite “represent in all probability the Daling series
of Purana rocks first described by Mallet in Sikkim.’’3

G. E. Pilgrim in a paper on the geology of parts of Bhutan
states that there can be little doubt that both Dalings and Bazas
belong to the Purana group. The Dalings he describes as
“grey or greenish schists sometimes carbonaceous passing up into
quartzites, and the Baxas as mainly dolomites and quartzites with
flaggy quartzites and quartz schists.”” This author believes that the
Baxas are younger than the Dalings and that both series were
deposited along this part of the sub-Himalaya, but ancient fault-
ing and subsequent denudation has entirely removed one or other
of them from over large areas. He also feels inclined to regard
these beds as the equivalents of the dolomites and slates of Naini
Tal, but recognises the difficulty of correlating strata at a great
distance from each other on mere lithological resemblances.t

L. L. Fermor expresses the verbal opinion, based on the similarity
in composition of the Sikkim Dalings and the Dharwars of
the Central Provinces, and their respective relationships to the

.
T. D. LaTouche : loc. cit., p. 123.

. .
' P. N. Bose: “ Geology and Mineral Resources of Sikkim,” Rec., Geol. Surv, Ind.,
Vol. XX1V, pp. 222-223.
3 J. M. Maclaren : loc. cit., pp. 182-183.
* G, E. Pilgrim : loc. cit., pp. 22-30,
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gneissose rocks of the two areas, that the two systems are of the .
samﬁ.ag;-[. Hayden, after referring to .the facts that both t:m
Dalings and the Baxas appear to overhe. the crushed rlgpreslen a-
tives of the Damuda and other outer series of the sub-Hima a.ytn@ld
zone,—a position brought about by recufnbent. folds at.ld reverse
faults, and to the progressive metamorphism of each higher mem-
ber, considers that we may safely assume that the sts.r?nt. sequence
is the reverse of the true one, snd that the Daling is in reality
older than the Baxa series and the latter older than_ the Damndv,si
Moreover, both series are referred to the pre-Cambrian systems o
the Indian Peninsula of which they probab.ly constitute mere}lly
an outlying portion, the Dalings resembling in some 'reapecta t :
Dharwars, and the Baxa series ﬁndixllg its nearest relatives amongs
members of the Cuddapah system. .
thelt is impossible to fome nearer the truth t.han this in the
absence of further evidence. My hurried observations made on t}llt;
metamorphic strata exposed in the inner ranges of the Ab?r. l.ll
are not complete enough to permit of any extem}ed sub-dividing,
and I shall therefore only put on record the sections passed over
without commenting on the probable ages of the beds themlelves..
These two villages are situated on the west bank of the Dihong
The Metamorphic to the north of Yambung, sm.l the. areé
Serles around Puginand saround them presents immense dlﬂ'icnltles to
Vekshi2 the geologist owing to the thick soil-cap, the
almost impenetrable grass growths and the thick forests. It. is
certain that the Abor Volcanic Series tontinues for two miles
beyond Yambung, but beyond this all exposures are hidden. Smll;
pieces of quartzite, slate and greyish fine-grained phyllite are fou?
on the Abor track, and as the harder strata of the voloanio series
are left behind the character of the country changes, the n‘rrov&
valley opening out and the higher spurs becoming ﬁsttt;r lnt
rounder. Ascents were made on to _the high ground to :o wtel:
of Pangin and from there extensive views of a lofty range . e
north of the Chuliakatta Mishmi country were obtained, but during
these journeys not a single rock outcrop was dmcovared.h Dibong b
The main Abor track from the south. crosses * the ong lny;
a long tubular cane bridge between Yekshi and Komsing. At t
! Burrard and Hayden : “ Geography and Geology of the Himalsys Mountains and

Tibet,” pt. IV, pp. 228-229.
4 Spelt Yekshing on the map,
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point fine-grained sericitic schists with thin quartz veins strike

- north-20°-east and dip indifferently at high angles. Opposite Yek-
p g po

shi there is a development of a brecciated limestone and streams
flowing from this deposit calcareous tufa. One mile downstream
from the bridge, sections of highly contorted slates, phyllites and
thin bands of hard brecciated limestomes strike north-20%-east.
The only rocks n situ around the village of Komsing are highly
contorted purple slates, but pieces of slaty dolomitic limestone
are often found about the ““jhumed” hillsides.

In Gelu village there are outcrops of purple, bluish-grey and
The Metamorpbic yellowish slates with red blotches, whose gen~
Serles between Gekuand  eral appearance recalled to my mind the Chaung
Paling. Magyi slates of the Northern Shan States.
They are strongly cleaved, the planes running east-north-east and
west-south-west, while the dip is high in both directions. In the
small stream beyond the village, boulders of amygdaloidal traps
are seen, indicating a junction of the metamorphic rocks with the
Abor Voleanic Series in the near vicinity. Similar slates are found
at long intervals between Geku and Komkar and the great varia-
tion in the dip and strike of the different exposures indicates con-
siderable surface displacement. Purple slates and quartzites con-
tinue from Komkar to the Karpin .stream, and an outcrop on the
top of the pass from which the wider part of the valley towards
Shimong is first seen, gives a north-west south-east strike and &
dip at 45° to the north-east. The road here crosses along the tops
of steep “jhums” and winds around the heads of narrow, deep val-
leys formed by the smaller tributaries of the Dihong. Near Shi-
mong itself, flaggy quartzites crop out and are used hereabouts
to pave the road. Between Shimong and Puging there is but
little variation in phe lithlogical character of the rocks mes with,
and purple and dark grey slates with well marked beds of hard
quartzite make up. the succession. Exposures' are only obtained

in the stream-beds, and elsewhere a thick reddish soil-cap masks
all outcrops. :

From a ‘“jhum” two miles to the south of Gette s well marked
plateau about JOO feet above the present level of ‘the Dihong is
seen, the formation on the opposite bank though clearly visible
is not so well marked. Looking down stream from this point, the
steep, forest-clad slopes of the narrow valley of the Dihong below.
Rhimong are very striking, marking as they do the position of the,

c2
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ijomeous rocks which come in there. Just belovy this again
ltll?:;l: fislg!; further broadening ou.t 01{) la su(l}a;l&r ts)zageéoc:l\ll:egoul;i
e bands outcropping below ,

2};8 t;&il:l :;11;1 Si:alr enters the nIs)a,Ir)rov?est part of its valley formed

i lcanic series.
by T: I;zgnrga:eie(:cgég vt?he metamorphism bec(fmes stronger .a:d
slates give place to phg]litex; Witg:i . ;ery gineéiz:;:g r;gf;g dssll;liad:i
Extremely crushed bands of reddis an - ot

' i few places, but it is impossible to say whethe
3‘18;1;: erz sizlxlmleIZt:d witg the Abor Volca,n_ic S‘?fies or ;eg((;(r)nge::;
the metamorphic rocks proper. From the high ?kumsto t};e ) Doet
above the Dihong at Puging, the course of the river o morth
west is seen to become again very gorge-like and narrovi‘lr, toun ted
in the far distance by a magnificent snowy range, whi e ow:;li e
the north-east there is anothgr but‘;; less 1<;fty1 sno:wi);l emnge in whic

f contorted strata are clearly visible.
e gg;gilzfdP?égi;;Othe general direction of the track continufas to
the north to avoid two large bends in the course of the Dlh(;)n%
iteelf. There is a very steep ascent s..t 'ﬁrst, which further on ?t
comes easier when greenish grey chloritic slates, hard tw,ndylgt:res
bands, and very metamorphosed banded purple a‘.nd green :a "
crop out. These slates contain much quartz which often has
Ilular structure. .

" lThe watershed is reached at about 4,000 feet, after which th:;e
is an exceedingly precipitous descent to the
Sisi river over metamorphosed and very l.)rec-l
ciated, dark bluish-grey dolomites in th_ick beds, with an oc::m;!il:h
sandy layer. The strike at the bottom i8 north-west so_u.th.-ea.only 5
a dip at 80° to the south-west. The valley of the S'mfullsl /iy
vards across, but it has a flood level of 35 feet and is o
water-worn schistose and gneissic boulders, a garneti Zr:tinue oy
chist being the commonest rock. .These dOIomltes‘ cb ans
: oint hal%r way between the Sisi river and'the next Ahqrtsti%h
of pRikor where they are followed Gbydﬁmll,i ] E;};el;) f s:h;ss s i

’ i artz. ood ex .
:znzll.;)tl;?ncl:ln%nli%tcf:doif qtl‘,lhe Siri river where they strike I;)OI].th.
west south-east and have a vertical- dip. On thii 10_ngm;[1>:; as c;vl:
Rikor, boulders of a dark mica schist and of a :ei Fg -
gneiss were found, but these are probal?ly Wi;- er- I;)'l]‘:le. .“mee
grained dark biotite schists crop out one mile below Rikor villag

Dolomite Serles.

Parr 4.] Cocery Browx: Dikong Valley Reconnaissance. 251

and are followed by quartzite bands which soon give place to the
metamorphosed dolomitic series again, the strike of which is vari-
able though usually east-north-east west-south-west with a vertical
dip. Flaggy dolomitic beds are common, and the calcium carbonate
washed out by small streams is re-deposited in round concretions,
which are seen along the path in many places. The last outerop
of dolomite is found at a point half way up the steep ascent to
the village of Paling from the Dihong, and is followed by a series
of quartzites, sericitic schists and micaceous phyllites, sometimes
entirely composed of a silvery white mica. Small drawn-out
pieces of quartz are common in these rocks which 1 mile to the

~north of Paling strike east and west and dip north at 35°

Mica=Schist Series.'

Somewhere near the point where the road leaves the Dihong
after descending the steep path from the little plateau on which
Paling is built, the metamorphic rocks are followed by true mica
schists and associated crystalline limestones with s schistose struc-
ture. These constantly strike north-east south-west and dip at
85° to 90° to the north-west. Finely grained and well banded
biotite and muscovite schists with rarely a thin development of
quartz or actinolite schist, are found to the south of Singing, the
highest point up the river reached by the Dihong Exploration Column.
As these rocks appear to constitute a different lithological group to
the ones met with before, I have placed them together under the
heading Mica-Schist Series.

To account for the repetition of similar groups of rocks, especi-
ally in the volcanic and metamorphic series, as the Dihong valley
is traversed from south to north, the existence of closely packed,
sinnous folds, often overfolded and overthrust, but having a general
north-east south-west trend, is suggested. The true structure will,
however, only be brought to light when more detailed surveys of
the Abor hills and other surrounding regions have been made.

Economic Geology.

I obtained, gold from the gravel beach in the bed of the Brah-
a maputra at Kobo, but only in insignificant
old. .- . .
quantities representing less than } grain gold per
ton. J. M. Maclaren has already prospected the Dihong from the point
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where it enters the Brahmaputra to Pasighat, and found gold in
small quantities in all the gravels he examined. With regard
to the gravels at Pasighat itself, he writes: “ For the first time in
Assam & considerable residue of black sand failed to yield colours
of gold’? I have to confirm this observation, being quite unable
to obtain any gold from these gravels.

Further into the Abor hills the current of the river does not
permit of the deposition of gold, and only very rarely of gravel
banks of any kind. Pan tests were made on the material dug
out of pot-holes which are under the river during the rains, but
no trace of gold was found in them. There are no banks of gravel
suitable for dredging in any part of the river kmown to me, and
on general grounds I can hold out little encouragement for gold
prospecting higher up.

In the body of this report I have already drawn attention to

the occurrence of coal in strata of two ages

Coal. in the outer Abor hills. Sandstones of Siwalik

age in the neighbourhood of Pasighat often contain nests of bright
lignite of good quality. The deposits, however, are not conti-
nuous and the fragments of lignite merely represent the remains
of water-logged drift-wood carried down to the sandstones durin
their formation. This occurrence is of no economic value whatever.’

Patches of coal are also found in the Gondwana rocks of the
Sirpo valley. Though once continuous seams, they have now
assumed the form of lenticular patches owing to the intense crush-
ing to which they have been subjected. This too has made the
coal itself friable and dusty, so that it falls to powder when
handled. The quality of the material is very poor, the percentage
of ash being unusually high and the volatile matter low. Even
if the seams were thicker and continuous, and cheap transport
to the plains of Assam available, the cost of working in these
rocks would be enormous and such Gondwana coal as I saw in
the Abor hills is never likely to be mined as a profitable under-
taking. I am informed by Captain O’Neill, ILM.S., that coal
seams outcrop is the Aieng eountry on [tje east of the Dihong,
but no opportunity occurred for a traverse in that direction. It
is highly probable that these seams are of the same .age a8 thoge
discovered in the Sirpo valley and there is no reason to suppose
that their composition is any better. Captain Sir George Duff

1 J. M. Maclaren : * Gold in Assar,” Rec., Geol. Surv. Ind., Vo, XXXI, p, 224.
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Sutberland Dunbar Bart., also reported the existence of coal in the
Galong Abor country further to the west. This area, however, was
quite beyond the routes of the columns to which I was attached. v

In the bed of the Dihong at the Geku crossing, thin bands
of shale are found which contain numerous
nodules of clay-ironstone of good appearance.
So numerous do these sometimes become that in places it might
be possible to work the rock as an iron ore. The quantity avail-
able, however, cannot be large. I have given an account of the
associated rocks in an earlier paragraph and there is no need to
repeat the description here.

The copper and brass used by the Abors in the manufacture
of articles of personal adornment, - such as
- bracelets, come either from the bazaars of the
plains of Assam or, especially in the northern part of the Dihong
valley amongst the Shimong and Janbo tribes, from Tibet. They
appear to be unacquainted with the extraction of any of the metals
from their ores, and the only metallurgical operations I saw or heard
of in the country, were those connected with the primitive trade
of the blacksmith and coppersmith, and the manufacture of knives
or spears, and bracelets or petty trinkets respectively. The
exigencies of the -march prevented me from making as complete
en examination of the metamorphic strata which I passed over
a8 I should bave liked to do, but in the bed of the Sisi river I saw
rolled fragments of rock containing specks of chalcopyrite, and ‘I
would draw the attention of future prospectors to the watershed
of this tributary of the Dihong as one which is wortzh looking
over for copper ores.
Beds of white, coarsely crystalline limestone or marble are
Masble. associated with mica schists in the neigh-
bourhood of Singing. In appearance they Te-
called to my mind the saccharoidal marbles of Sagaing in Upper
Burma. I am unable to give any estlma.te as to the available
quantities.
~ The Abors sometimes manufacture coarse earthenware pottery,
, but they appear to use any clay which hap-
Rartheawars Clays. pens to be found in the immediate vicinity.
Some of the light red tenacious clays formed from the .disintegra-
tion of the rocks of the Abor voleanic series would make the best
kind of material for this industry. .

Iren-ores.

Copper.
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A TRAVERSE ACROSS THE NAGA HILLS OF ASSAM FROM
DIMAPUR TO THE NEIGHBOURHOOD OF SARAMETI
Peak. By E. H. Pascoe, M.A. (Cantab.), B.SC.
(Lond.), F.G.S., Assistant Superintendent, Geological
Survey of India. (With Plates 28 to 32.)

The following sketch is the result of my c}eputstion to accom-
pany & punitive column in charge of .Ll?ute-
nant-Colonel A. E. Woods, Deputy Conllmxssloner

Naga Hills District, and Major C. Bliss, to a village some
gfinzhinilesg north-north-east of Sarameti, the highest peak (12',557
feet) in the Arakan Yoma. This village, lfl}own a8 lelfwan or
Makuri on the Burma side, but as Dzulechili or Gulachili by its
own inhabitants, lies in the unadministered t?rntory l?etwet?n the
Naga Hills and Upper Chindwin Districts, in a region hl.therto
entirely unexplored. The column left Kohims at the beginning of
January and returned the middle of Febrl‘lary 1911, The length
of the traverse in a direct line between Dimapur (Manipur Road
Railway Station) and Dzulechili is 80 miles. .

Covering the less interesting part of the route 4 inch maps
were available, but east of the Tepe and Tuzu
Rivers there was nothing but the conjectured
topography published in the Indian Atlas (1 inch to 4 mil.es, Shee:
130, S.E.), much of which proved to be fundau}entslly .mcorreooi
By the courtesy of Captain V. R. Cotter, Assistant Dlrectior_cal
Surveys, Assam, I was able to locate the features. of geo oglans
interest on & tracing of the map he was comstructing, by m£n
of geographical notes made en route apd by pedometer ﬂl;ea Thgj:
on the march, kindly supplied by Captain A. L. Molesworth. o
part of the geological map, therefore, can only be approximately

see PL. 32).
conz(:triport and geological map by Mr. R. D; Oldham on the
geology of parts of Manipur and the Naga

Previous work- - gy~ (Mem. Geo. Sur. of Ind., Vol XIX,
Article 4) deals with country imme.sdiately around. Koh.ima, and,
further south, includes a long section from Lakhipur in Kachar

Preliminary.

Maps.
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through Manipur to the Chindwin River in Burma. A paper and

> .geological map by Mr. Hayden (Ree. Geol. Sur. of Ind., Vol

XL, page 283) are the result of a more extensive survey from

" Kohima north-eastwards as far as Jaipur.!

Tertiary strata representing in all probability the Tipam series
Intr are exposed on the west, and are succeeded
oduction. . . .
eastwards by the argillaceous Disang series to
which the greater part of the rocks passed over belong ; beyond
these are beds which I have classed as doubtful “ Axials.” The
structure appears to be that of a series of tightly packed, isoclinal,
sinuous, rising and pitching folds, with a general north-north-
east to south-south-west trend, and more or less overfolded
towards the west. The strike follows the hill ranges, occasionally
swinging round to north and south, or to north-east and south-
west. Vertical strata are common but a dip of about 45° is per-
haps commoner still: in some places the dip is quite gentle and may
remain so for some distance. In this traverse there was a ten-
dency for the rocks to dip towards the centre of a ridge, the
valleys coinciding with anticlinal folds; there are good examples of
the latter in the Tuzu and Tepe Rivers.

The country is mountainous: ridge after ridge, rising commonly
3,000—4,000 feet above the intervening, steep,

le":ﬂ‘:‘ soi. MU well-watered valleys, are crossed on the way
eastwards and become more uniformly higher

until the Sarameti range is reached, which contains several peaks
from 9,000 to 12,000 feet high, lightly snow-capped during cold
weather. The watershed between the Brahmaputra and Chindwin
valleys occurs much further to the west, coinciding with the
Kopamedza or Nummuh range, nearer the centre of the Disang
outcrop. The tops of many of the ridges give rise to a pecu-
liarly level sky-line, a good example being seen at Sakhaboma, a
day’s march east of Kohima. The jungle is very dense in places
and the undergrowth usually sufficient to prevent progress. The
chief obstacle to survey work in the unadministered country is
the scarcity of paths and the frequently impassable state of those

! See also:—The coal of Assam—H, B. Medlicott (Mem., Geol, Sur.® Ind.,
vol. 1V, Art. 3); The Geology of Pegu—Wm. Theobald (I}M., vol. X, Art. 3);
The Coalfields of the Naga Hills bordering the Lakhimpur and Sibsagar Districts,
Assarn—PF. R. Mallet (Ibid., vol. XII, Art, 2); The Geology of Upper Assam—
J. M. Maclaren (Rec., Geol. Sur. Ind., vol. XXXI, p. 179); The Jaipur and Nazira
Coalfields, Upper Assam—R. R. Simpeon {(Ibid., vol. XXXIV, p. 199).
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that exist; there is scarcely any communication between neigh-

bouring villages, which are, as often as not, at war with onee

another. Oaks and chestnuts abound : forests of pine-trees, usually .

accompanied by small, stemless date-palms, occur somew'hat. capri-
ciously on both the higher and lower slopes. On the. ridge above
Puchimi flourishes a tree rhododendron, probably the Himalayan Rh
arboreum. Near villages are found bamboos of enormous  size,
much prized by the Nagas; many kinds of ferns a.nd. orch}ds are
to be seen everywhere. The Disang shales produce a fairly rich goﬂ
and the terrace system of rice cultivation -has been brought to 8 high
standard. A certain amount of cotton is grown and a species (?f
millet known as ““Job’s Tears,” the staple .food of the country, is
raised on “jhum” land, ie., clearings which after cultlvatlon‘for
a couple of seasons are allowed to lie fallow for seven or eight
years. The dense jungle, such as that fouqd on Nummuh, pro-
duces s rich black mould ; near villages t.hls 18 used for raising
small crops of indigo emplo.yet_i for .dyemg blankets. In more
open places & red ferruginous soil is forming.

The double traverse will be described in the order of the out-
ward journey, from west to east. The alluvium
of the Dhansiri River ends below the Su;lla;

ing ridge where hills of Tertiary rocks commence somewha
E%:u;ily. gTheete Tertiary rocks belong apparently to the Tlpa(xin
series, and extend to about a mile west of 'Kadmba, peak. Sl.m -
stone. predominates, grey-brown or olive in colour, sometlmles
massive, sometimes fairly well-bedded, varying f.rom a ﬁ'ne to moderate ]Z
coarse texture. A comparatively soft u'on-stameq sand-rozl.
reminding one of the Burmese Irrawadi sandstone, is frequen ury
seen. In this local patches of ferruginous matter gometimes 00C t.mé
gimilar to those which, in the Burma series, mark the rfe.und
places of fossilized tree-trunks; no fossil wood, however, Was ti(:) y oi
and it is to be noticed that Mr: Old}mm makes no lm;:; ing
having observed this substance durmg his survey. Ripp eo-n Smali
current-bedding and local unconformﬂ;y. are not unm;zlxm th' pal
streaks and patches of lignite are occasionally observable, hre !
gometimes associated with iron-staining and yel}ow ochre, l:ln
" evidently the remains of a branch of wood. Giey or 1 grey-blue
shales, sometimes micaceous, and blgxe clunchy clay, play a se-
condary part, but beds of alternatl.ng sal}dstone and clay are
common. No fossils were found during this traverse, but some

The Tipam rocks.

[J]
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badly preserved pelecypods were discovered by Mr. Oldham in the
Diphu River gorge, presumably near Samaguting.!
This side of the 23rd milestone from Dimapur the last exposure
' of white, soft, Tipam sand-rock is seen:
beyond this shale and sandstone of a different
character appear, which belong to the Disang
series.? The junction has been found by Mr. Hayden, further
north, to be a reversed fault.> I could find no occurrences of either
“ Coal Measures” or Tipam sandstone south-east of this fault.
East of the boundary the first beds met with are dark car-
bonaceous shales with thin bands of fine sand-
Disang series. stone or massive shale, but further up the
road thick massive sandstone with thin shale partings here and
there, form the range containing the peak of Kadiuba: these beds
show considerable contortion. The same sandstone but in greater
thickness is seen again in the neighbourhood of Karuphima village and
culminates in the peak of Siwenuchika (7,379 feet). Between these
two exposures the beds consist of the usual shales. The massive
sandstone is no doubt Mallet’s “ Naogaon Sandstone ” forming the
top of the Disangs; its reduplication may be a natural sequence
or a result of minor thrusting or folding. Further eastwards ex-
tends for many miles & monotonous sequence of argillaceous strata,
varied here and there by hard bands of fine sandstome, which
however is never very thick and has the appearance of being
merely & more massive, impure variety of the shales, A concre-
tionary texture on a small scale was observed three or four miles
east of Kohima. A harder type of bed, weathering like & lime-
stone but containing no calcareous matter, is seen east of the
villages of Phekrokejima and Losami, and is also found on the
top of Nummuh peak. In the more western parts the argillaceous
beds consist of shales, blue or grey in colour, the layers of which
are often characterized by a peculiar crinkled surface ; the harder
material occurs in thin layers or lenticles. Iron pyrites is sometimes
seen in the shales, and carbonaceous matter is common. Passing
eastwards metamorphism increases and a transition from shales

Disang Tipam  boun-
dary.

! Mem., Geol. Sur. Ind.,vol. XIX, Art. 4, p. 12.

* Mr. Oldham drew the boundary a little further to the east, but sections
in the new road I think, now make clear its position, which moreover lies on
the line of strike of the boundary in the Barak valley to the south, and according
to Mr. Hayden’s map, of the boundary west of Wokha to the north. See maps—
Mem.,, Geol. Sur. Ind., XIX, Art. 4, and Ree. XL, p. 144

¥ Bec., Geol. Sur. Ind., vol. XL, p. 283
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to hard glos;sy slates takes place; these are usually dark blue in
colour, weathering to & greenish or greyish white. East of Cheu-
wejuma thin veins of quartz become more noticeable, an‘d regch
thicknesses of three or four feet east of Chomi: near the ]fmctmn
of the Tepe with the Tuzu, and elsewhere, quartz is seen in eye-
shaped lenticles in the slate. East of the Tu.zu, in the vicinity
of the serpentine, the sediments become more foliated and schistose ;
foliated phyllite is common and a few pieces of a banded crumpled
schist were picked up. These phyllites are frequently talcose
~or chloritic, green in colour and soapy to the touch. Qarbonaceous
matter in the form of graphite occurs in connection with some of
the more metamorphosed rocks and also with the quartz veins.
A brine and sulphur spring occurs in the small stream north of
Phozami ; the former is not uncommon in the Disangs. '
It was difficult on a rapid march, without sections and without
a map, to determine the correct sequence_ of
rocks in the neighbourhood of the serpentine,
but the latter corresponds in position to the band mappec_l by
Mr. R. D. Oldham in Manipur. Small pieces of it were plcke'd
up in the Lanier River, so that it certainly (i;k:;ends up ::;r: ;)lf :l:vlz
valley : large fragments of serpentine and gabbro were 8 _
of the bragnchesgof the large tributary of the Tepe immediately
gouth-west of Chimi, so that there must be lgneous exP“‘;}'es
west of the ridge here. Between Puchimi and. Karami the serl()len hﬁll:
cropped out in the form of a line of conical crag-crowne :
with scant vegetation' ; the rock consists of a confused mass o
both massive and fibrous serpentine. In othgr places the ser-
pentine with its associated chrysotile g,nd chlon_te. has. to a large
extent become schistose and is with dl.fﬁcu.lty distinguishable from
the metamorphosed sediments among which it oceurs. o
Boulders of the following types, from which the derivation
of the serpentine may be deduced, were .collec!;-
Pefrology of the o in the Tuzu River and some of its tri-
serpentine rocks. butaries :(— o
(" A hornblende-enstatite-olivine-gabbro. .ThIS is a coarse-
4 textured, mottled dark green and white r.ock, which und.er
the microscope (see pl. 28, fig. 1 andn2‘) i8 seen to cons.lst
of saussuritised felspar, green pleochroic .hornblende . with
the characteristic double cleavage, enstatite (“ bronsite’),

Serpentine.

2 ¢f. Mem., Geol. Sur. Ind., vol. X1X, Art. 4, p. 9.
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. augite intergrown with both the amphibole and the
2 rhombic pyroxene, and olivine. The augite is considerably
o cracked, the cracks being filled with calcite and other

decomposition products. Diallage striation is occa-
sionally seen and also a regular arrangement of lozenge-
shaped inclusions; it is usually either intergrown with
or hbordered by hornblende, of which some at least is
secondary. The rhombic pyroxene is light yellowish in
colour and slightly pleochroic, altering here and there
to bastite ; it has an extinction angle of as much as 5-6°.
The slide shows a little olivine in two places, changing
into serpentine with the usual mesh-structure. Iron
ores are practically absent. This rock would pass
readily into a diorite, norite or peridotite; it is not
unlike a rock described by Mr. J. F. Kemp, from
near Elizabethstown, Adirondacks, but magnetite is
absent in the Naga type.!

(1) A diallage-gabbro. This rock is milky white spotted with
dark green pyroxene. The bulk of it consists of felspar
which, though much decomposed, shows distinct twin-
lamellee * which are very frequently wedge-shaped : it
appears to be a medium labradorite (see pl. 29, fig. 1). The
monoclinic pyroxene shows the striation of both diallage
and salite, and is surrounded by a rim of clear light
green, pleochroic, secondary hornblende, which, under
a high power is seen to penetrate the diallage “ prisms
or “columns.” Irregular pieces of this uralitic horn-
blende are scattered about the slide and frequently
contain small kernels of diallage.

(1?) A serpentinized Lherzolite or altered picotite-enstatite-
diallage-peridotite. This is & black rock in which lus-
trous green crystals of diallage can be observed. Felspar
is absent. The bulk of the rock consists of serpentine
in the meshes of which grains of undecomposed olivine
can be seen (pl. 29, fig. 2, pl. 30 and pl. 31, fig. 1) ; some
of the serpentine shows ‘‘ knitted ” structure and appears
to have Meen derived from pyroxene, Rhombic pyroxene is
plentiful, is not perceptibly pleochroic, shows a fairly dis-
tinct cleavage, and has a considerable extinction angle ;

4
¥ Rep. U. 8. Geol. Sur, XIX, (1899), pt. 3, Pp. 406-407, pl. LX, fig. A, -

.
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other signs of bending or strain are frequent, and altey-
ation to bastite is common. The diallage, which shows
““ columnar ” or ‘‘ prismatic ”’ structure, is subordinate to
the rhombic pyroxene. #A spinellid mineral occurs in very
irregular, cracked fragments, the cracks being filled with
black iron ore, often leaving the rest of the crystal a
clear greenish brown ; most of this is picotite but some of
the darker varieties may be nearer chromite. A border of
clear granular feebly-birefringent material always accom-
panies this mineral. Dr. Fermor called my attention
to the resemblance between this rock and De la
Méthérie’s ° Lherzolite,’ and a careful comparison with
descriptions of the Pyrenees rock more than justifies
the present use of the term, assuming that nearly all
the serpentine has been derived from olivine. Through
this slteration the specific gravity of the Naga Hills
specimen is 2'809 instead of 3:280.! The same rock
occurs in Haute-Loire, and very similar types in Pied-
mont and other parts of Itsly, in Spain, the Hebrides,
the Tirol, California, and in Ladak® In the laﬁ?er
locality serpentinization has brought the specific gravity
down to 2'85. Lherzolite was found by Mr. J P,
Johnson in South Africs, forming the more resistant
portions of a rock which, with eclogite, i thought to
form probably the real home of the diamond.®

(w) This is & dark green serpentine, veined with calcite and

derived from a spinellid-peridotite. Besides green serpen-
tine the slide contains ragged pieces of pyroxene, chlo-
rite, and numerous fragments of picotite (pl. 31, fig. 2).
Most of the latter are small, but a few are large and much
cracked ; all have the translucent, almost isotropic border.

(v) This is an altered porphyritic rock consisting of a dark

reddish matrix in which are embedded numerous large
greenish white felspars. The felspars show idiomorphic
outlines and twin-lamellation, while the groundmass is
andesitic in nature, consisting of innumerable felted felspar
micrclites and much iron ore.

1 Zirkel : Petrographie, III, Xp 132.
* Mem., Geol. Sur. Ind., XXXI, pt. 3, (1901),
? Tyana. Qeol. Soc. 8. Africa, X, p. 113,
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One of the most important members of the sedimentary deposits
is a conglomerate, sometimes passing into a coarse,
. . pebbly sandstone forming a lofty N.E.—S.W.,
ridge : east of Chimi it is of great thickness. Among its pebbles
sre fragments of serpentine. Streams draining the ridge contain-
ing the conglomerate and serpentine, are uoticeably well-supplied
with water. A little west of the conglomerate occurs a thick
massive green felspathic grit or sandstone, varying in composi-
tion but containing angular quartz and felspar grains, chlorite
and serpentine, and fragments of pyroxene and olivine. This and
the conglomerate are evidently of later age than at least some
of the serpentine, which must have been intruded prior to the
deposition of the greater part or nearly all of the Disangs.

The beds east of the conglomerate differ only in the greater

. degree of metamorphism to which they have

Wakwarl beds. been subjected from those on the west, most
of the beds having taken on a foliated habit and harder texture;
slates of the ordinary Disang type are, however, not rare and are
associated with quartz in the usual way. They contain small in-
trusions of serpentine, much of which is the chrysotile variety ;
the serpentine has to a large extent become schistose and is
with difficulty distinguishable from the metamorphosed sediments
among which it occurs.

The complete absence of limestone between the Tipam-Disang
boundary west of Kohima and the Sarameti

“2:?"'“" of the Dis- ridge is notable; the only calcareous matter
found was a little tufa in one of the stream-

beds. There is therefore no representative of the limestone found
around Akral in Manipur and considered as probably belonging
to Theobald’s Mai or Cretaceous group. Mr. Hayden has commented
upon the provisional correlation of the Disangs with Theobald’s
Axial beds in Burma (which are known to include upper Trias)
and expressed his inclination to class them rather with the Negrais
beds of the same writer, as Mallet was originally inclined to do.
Both the terms ‘ Negrais’ and ‘ Axials > are ill-defined, and should be
looked upon as provisional. In this traverse I think it probable that
the Disangs would have been classed by Theobald as Negrais, and .
the Malwari beds or beds east of the conglomerate as Axials. Be-.
sides the greater lithological resemblance between the Disangs and
the Negrais as described, than between the same series and the

*  Conglomerate.
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Axials, and besides the occurrence of brine springs, so characteristic
of the Burmese Negrais, in the Disangs west of the serpentine,

there are two important facts bearing on this question: (¢) the

occurrence of a thick and extensive conglomerate at what has the
appearance of being the base of the Disangs, and (i7) the position
of the serpentine which in Burma lies within or along the eastern
boundary of the Axial beds.! With regard to the latter point it
may be mentioned that the western boundary of the Axial beds in
Burma was not surveyed and may be associated with serpentine;
the three bosses in a line, mapped by Theobald at the pointed southern
extremity of the Axial outcrop, are rather suggestive of this. This
correlation is in accord with the opinion of Mr. Tipper that the
serpentine in the Andamans, which lie upon the same tectonic axis
as the Naga Hills, is probably of Upper Cretaceous age, like that
of Baluchistan and other parts of India?; fragments and pebbles
of serpentine were found in the Eocene conglomerates of the Anda-
mans. The presence of the conglomerate is practically the only
reason for making two divisions of the rocks of the Naga Hills,
however, and there is no reliable evidence that the Makwari beds
are older than the beds west of the conglomerate. It is in-
teresting to note that, some 30 miles east of Kabul in Afghanistan,
Mr. Hayden found a band of serpentine intruded between beds
strongly resembling the Himalayan Trias (Khingil Series) and the
Tertiaries (Siwaliks).?

With reference to the post-Tertiary deposits, my conclusions
agree with those of Mr. Oldham who pre-
ferred to regard them as river terraces of gravel
rather than moraine material. It is true that some of the valley-
heads are not unlike the “cwms” generally attributed to ice-
action, and the upper parts of the wvalley-flanks often show
rounded shoulders and irregular, scooped surfaces; this may have
been the reason for Major Godwin-Austen's view of glaciation,
but it seems to be the natural weathering action of & moist
climate upon a comparatively homogeneous mass of steeplv-dipping
shale or slate. The terraces morecover are flat-topped, sloping

Post-Tertiary deposits.

! See map of Pegu, Mem., Geol. Sur. Ind., X, Art. 3. . .

Theobald originally included the Negrais beds with his Axial  system, using
the latter term for the whole of the altered rocks forming the muin Arakan
Range. See Rec., Geol. Sur. Ind., 1V, p. 33.

t Mem., Geol. Surv. Ind., vol.,, XXXV, pt. 4, p. 11

? Op-cit., XXXIX, Art. 1, p. 21. and map, Pl 20,
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. pently down stream ; that of the stream north of Mima village,
flowing into the Mizir River (see map facing p. 14, Mem., Geol,
. Sur. Ind., vol. XIX, Art. 4) is extremely flat, and due in my opinion
to the beheading of this stream by what is now the main
Mizir stream, the broad river-bed thus left high and dry being
subsequently dissected by the cutting back of the present Mima
- tributary. Terraces flanked every stream of any size passed over
in this traverse, rising frequently to 200 feet above the water
which is now cutting its way down into the country-rock; below
these old terraces two or three more recent ones are not uncommonly
seen.
Slate of a good quality is seen in abundance in the Tuzu and
E Tepe Rivers. It isused by some of the villages
conomics. ST
for roofing houses and for grinding purposes;
practically the whole of Chimi village is roofed with slate. In
a province with & rainfall and humidity like that of Assam, such
an excellent material for roofs and °° damp-courses ” should be in-
valuable as soon as the Naga Hills are more opened up. None
of the asbestos (chrysotile) seen was of any commercial importance.

EXPLANATION OF PLATES.

PLATE 28.

Fi1a. 1.—Unpolarised light ; Magnification 12 diameters.
Hornblende-enstatite-olivine-gabbro (from betwecen Chomi and
Chimi), showing hornblende and augite intergrown, and saussuri-
tized felspar (Sec. No. 8928, G. S. I.).
Fre. 2.—Crossed nicols; Magnification 10§ diameters.

Another patt of same
section, showing intergrown diallage and enstatite, intergrown
augite and hornblende, and olivine altering to serpentine with
* mesh-structure " (Sec. No. 8928).

PLATE 29.
Fra. 1.—Crossed nicols : magnification 12 diameters.
Hornblende—gabbro (from between Puchimi and Karami), showing
diallage bordered with secondary hornblende and labradorite
with wedge-shaped twin-lamellae (Sec. No. 8939).
Fia. 2.—Unpolarised light: magnification 12 diameters.
Serpentinized Lherzolite or Picotite.enstatite-diallage-peridotite
{(from a boulder in the Tuzu river), showing serpentine with
immeshed olivine, monoclinic and rhombic pyroxene in lamellar

intergrowth altering to bastite, diallage, and the spinellid
picotite with a clear border (Sec. No. 8929),

D

omA
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PLATE 30. y

Fia. 1.—Unpoiarised light : magnification 104 diameters.
Serpentinized Lherzolite or Picotite-enstatite-diallage-peridotite (from.
a boulder in the Tuzu river), showing diallage with columnar struc-
ture, picotite with its clear border, enstatito altering to bustite
and serpentine (Sec. No. 8929).
F1e. 2.—Same scction under crossed nicols. The ‘* knitted” structure
in the serpentine is well seen (Sec. No. 8029).

PLATE 31.

F1a. l.—Unpolarised light : magnification 10} diameters.

Serpentinized Lherzolite or Picotite-cnstatite-diallago-peridotite
(from a boulder in the Tuzu river), showing enstatite altering
to bastite, picotite, diallage ete. (Sec. No. 8029).

Fig. 2.—Crossed nicols : magnification 10§ diameters.

Serpentine (from a boulder in the Tuzu river), showing picotite
with clear borders, fragments of decomposing rhombic and
monoclinic pyroxene, in a mass of green serpentine (Sec. No.
8936).

PLATE 32.

Geological map of a traverse across the Naga Hills,
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NOTES ON INDIAN AEROLITES RECORDED SINCE 1906. BY
G. DEP. COTTER, B.A, F.G.S., Curator, Geological
Survey of India. (With plates 33 to 42).

Since the publication of Dr. Fermor’s note in vol. XXXV,
page 79, of these Records, the "following meteoric falls in India
have been recorded by the Geological Survey of India:—

(1) Vishnupur.—At the villages of Mathura and Kheraibani near
Vishnupur, Bankura district, two fragments of a meteorite fell on
Friday December 15th, 1906.

(2) Chainpur.—On the borders of the Azimgarh and Ghazipur
districts, near the villages of Chainpur, Rajgirpura, Rampur Patari,
Bhikhampur, and Rao Patti, a fall occurred on May the 9th,
1907.

(8) Mirzapur.—This fall took place at Mirzapur village, Saidpur
tahsil, Ghazipur district, on January the T7th, 1910,

(4) Baroti.—On September 15th, 1910, a meteorite fell on
the borders of the Bilaspur and Kangra districts. Two fragments
were found at the villages of Baroti (Bilaspur) and Jajri (Hamirpur
tahsil, Kangra). Some small fragments from the former village
were sent to the Museum.

(5) Khohar.—On September 19th, 1910, a meteorite fell st Khohar
village (lat. 26° 6’ 20", long. 81° 31’ 33") near Bargarh station
on the East Indian Railway line to Jubbulpore. The locality
lies in the Banda district.

(6) Lakangaon.—On November 24th, 1910, a meteorite fell in the
Nimar districtfof Indore State at a village named Lakangaon,
apparently identical with Lapangaon (lat. 21° 46', long. 75° 16')
near Nagelwari.

.

The object of the present paper is merely to place on record
the circumstances attending the falls of these meteorites, with
brief notes on their external characteristics. Very little attempt has
been made to determine their mineralogical composition.

D2
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l.—The Vishnupur Meteorite. .

i i ived : the first, weigh-

aments of this meteorite were received cigh
. T:’V’?O-imgzj:r:es which fell at Kheraibani w}ilahge.(lt]t;. 23 g“(';) )
T , al Behari Bose, Sub-

! ted by Babu At
lon. B ishnmp d, which fell near Ram-
ivisi Vishnupur ; the second,
dlv}smn?lt Og:};oer’(i', 1;;ong.p 87° 207}, weighed' 1,767 grammes tant((l'
I .ted by Mr. Kumar Ramendra Krlshn_a. Deb,. Magistra ‘
V;angrljﬁ?a The latter officer forwarded an lmtferest};:ngwn:(l'::lsn
. . J. Mitchell of the Wesley
fall, recorded by the Rev. J. Mt . We

%fiisz?:n. I cannot do better than quote his report in full:

“ On Saturday, the 22nd December, at the request of tht(:a::i‘:;
trict Magistrate, Bankura, I visited the place wgere a; m}:ai,]way,
fell near Ramsagar, a station on the Bengal- fngilpu. way
in the District of Bankura, and gathered the following p
culars :(—

« The exact place where the stone fe]l':: :;szMéarh el;xt g))
the Sid!e of alllleoél B;d;:hﬁz,B;?;}illl:;M;u(tﬁeast by east of Rsrr}sagar
o v]“&gfal . north-west of Vishnupur. A round' hollow 4 mc(l;es
end 2 mle58 inches in diameter was formed in t}}e groun _1
deeP o 1% by the falling of the meteorite. '.Fhls hollow
e 501_; Z eople to preserve, and this I think they have
ke e t?gne({) the people carefully with reference. to the fall.
%OY{; IIJn?;:;f Chandra Rai, a leading man in dthe :;]lla.g]o;t }?talt)e;{

. . ard time) on Friday, the 15 -
e abOUtﬁ ghioh:a::](i t(\:;:)mllgud sounds in the air, sharp upd sudden
cem'ber vo - nnons had been fired ; then a loud rumbling sound
o 'lf twot'ri?led for some 10 minutes, when it ceased at tht:1 r:}cl)-
e &?ll :;tone fell. That a loud continuous sound followeI we
gle:;lttwoe reports was borne out by all the villagers wgor? 0 sam;

rii o man insisted that the rumbliag sound lasted fu yf |
inur onThus from the Babu’s statement the stome must have fallen
our.
about 9-30 AM.

« One woman was standing within 10 yerds dof tltlg spot ::)l::‘:;
the meteorite fell.  She said she heard a loud con muou.sh oune

d then suddenly the whole neighbourhood was filled wit wew,
::1& ghe was 80 terrified that she ran away. Two men who
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standing about 100
gtatement.

yards away from the woman confirmed her

“ When the loud re
in that direction,
shape "of 'a stone,
in the air.

ports were first heard, all looked upwards
but none of the villagers saw anything in the
nor did anyone see a bright light of anv kind

“ An interesting feature in connection with the meteorite is that
apparently it was quite cold when picked up. Dry

scattered all over the ground where the stone fell,
ticle was singed.

grass  was
but not a par-
The Babu, above referred to, handled the meteo-
rite almost immediately after it fell, and he stated that it was

quite cold, and this statement was confirmed by all the villagers.

“It appears that a second stone fel
called Kheraibani, some 5} miles north-east by east of Vishnupur.
A glance at the survey map! (inch scale) will show that the dis-
tance between the two places where the two stones fell is about
63 miles. It is evident that these two stones form one and tie
same meteorite, and that the loud report previous to the actual
fall indicated the moment when the stone broke into two or more
parts.  Probably other stones fell within the same neighbourhood
though as far as I know none have been discovered. Naturally
great excitement was produced in the village at the fall of such
& strange visitor and many were the conjectures as to where it
came from, nor was I surprised when I heard that several of the
people made deep salaam to the stone when they first caught

sight of it, and treated it as if it were g * messenger from the
gods.”

I on the same day at a place

Such is the account of the Rev. J, Mitchell.

The two pieces of the Vishnupur meteorite were registered
under the numbers 248 A and B, and weighed respectively 6704
and 17674 grammes. The first and smaller piece is not available
for examination. The second and larger piece is figured on Pl 33,
where the picture gives an excellent impression of its shape and
of the well-marked pittings or “ thumb-marks ” upon its surface.
The meteorite is almost entirely covered with black crust, showing
a finely granulated structure, in which flow-strie are not visible.

! Sheet No. 239 Bengal; scale 1°=1 milec,
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One flat surface of the meteorite, not visible in the picture, is
bounded by sharp edges (one of the edges forming ‘the right -hand
edge of the photographic view) and may represent a plane of frac
ture, along which the meteorite in its descent was broken in two.
There are, however, only very slight indications that the crust is
appreciably thinner upon this surface than upon the remainder.

The fresh fractures which are seen at the corners of the specimen
show that internally the meteorite is of a light grey colour, and that
it presents a motley appearance owing to the presence of minute
chondrules of a darker colour than the matrix. There is also a
close resemblance to the structure of a volcanic tuff, many angular
fragments being visible on the freshly fractured surface.

When placed between the poles of an electro-magnet the me-
teorite does not appear to be appreciably magnetic, an indication
that the nickel-iron is either absent or only present in small

quantity.

I1.—The Chainpur Meteorite.

This fall took place at about 1-30 P.M. On the 9th May 1907
at & group of villages on the borders of the Ghazipur and Azimgarh
districts, the largest fragment falling at Chainpur in the Azimgarh
district (lat. 25° 51', long. 83° 29), vide sheets 194 and 209, scale
| inch=1 mile, North-West Provinces Survey.

Accounts of the fall appeared in the Englishman of May
15th, 1907, and in the Rangoon Gazetle of May 16th, 1907.

The Collector of Ghazipur forwarded an account of the fall,
that is, of that part of it which occurred in his district, near
the villages of Bhikhampur, Jalalabad, and Rao Patti. In this
account two statements of eye-witnesses are given,and may be
here quoted. The first account, by a villager of Bhikhampur, is
as follows :—“I was working in my sugarcane field when threo
successive sounds of cannon and thunder weve heard from the
sky. Up to the second sound nothing was visible, but after
the third one, the sky seemed cleft asunder and a small black
ball appeared on the sky which was coming down towards the
earth with a whizzing sound. It took the ball about two minutes

-
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» to-reach the earth. It fell on a fallow land at & distance of about
125 yards from the field. I then at once ran towards the spot
*and found the black ball sunk about half a cubit deep into lt)he
earth, and there were seve il small fragments ,of the ball scat-
tered all around. I then toushed the ball and found it icy cold
The ball was fragile. and could be broken by [;ressure of 'ﬁnoers.
Soon after w?lagers came in and broke the ball into piecesba.nci
went away with as much of it as they could carry. The weight

of the ball was about one maund. I
g It
the sky just over my head.” appeared to descend from

. The second statement by a villager of Jalalabad is as follows —
I also heard the same sound of cannons and thunder and then s:':uw
the appearance of a black ball coming to the earth. The ball
fell on a sugarcane field at a distance of about 120 .yards fr
where I was working. I too found the ball very cool and oiz
fragm(-ants scattered. The soil of the earth had become black
and given in. The hollowness of the ground was about 1% ft. d
and 1 ft. broad. The weight of the ball was probably 12 . eig
seers. The ball was first seen in the sky over my head ad it
descended straight to the earth.” ‘, y fead, and 1t

It will be observed that there is some. discrepancy in these

two accounts, both as to the weight
? ght of the st
of the hole made in the earth. one and the depth

. The largest fragment of this meteorite fell near Chainpur vill

m. the Azimgarh district, and thus came into the pofsessiona'g(f3
Miss Sturmer, owner of the Kajha Zemindary, who very ge 0-
rously presented it to the Geological Survey. ’ It weighe)(;. g:?;z
grammes. Miss Sturmer also had a map prepared showin ’the
places where fragments were found, and states that these diger b
locali.ties_rwere six In number. The account of the Collector e1c1>f
Ghazipur does not quite coincide with that of Miss Sturmer. the
fragments obtained from the Collector were said by him to ’come
from the villages of Bhikhampur, Jalalabad, and Rao Patti, but
the discrepancy is probably to be accounted for by the sitliation
of some of the localities between two villages. It may thus have
b_een referred to different villages by different observers. A reduc;
tion of Miss Sturmer’s map, adapted to the 1 inch=1 mile Surve
map, is given below. Y
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It will be observed that the fall took place along a line runming

* from south-east to north-west; this feature is also nqticed by the
Collector of Ghazipur.

The Chainpur meteorite is registered under the numbers 249 A
to G. The weights are as follows : —

gms,

249 A . . . . . . 1,448.46

249 B . . . . . . 494486

249 C ., . . . . . 356523

249 D . . . . . 18-73 (dust in tube).
249 E ., . 1,007.03

249 F . 5,372-62

249 G .

8-22 (dust in tube).

Specimens A to D fell on the borders of Nasirpur, a hamlet
of Jalalabad, about 1} miles to the north-east of Jalalabad, and
were sent to the Geological Survey Office by P. Rama Shankar
Misra, Collector of Ghazipur. Specimen E was presented by Mr.
W. J. Simmons, Calcutta, who received it from Miss Sturmer.
F and G fell at Chainpur, and were presented by Miss Sturmer.

The only pieces that show the original black crust are B
and F.

Photographs of the Chainpur meteorite are given on Plates 34
to 37 and 38, fig. 2.

The Chainpur meteorite appears to belong to the group of
“* Kugelchenchondrite ” and some of the fragments show a structure
which resembles the pisolitic structure of terrestrial rocks. The
colour of the freshly fractured surface is a slate grey. Many of the

chondri are of & whitish colour and give a mottled appearance
to *the stone.

Rusty spots are scattered over the surface. The meteorite
is attracted by the electro-magnet, and the dust is magnetic; it
is therefore probable that a fair amount of nickel-iron is present.
The microscope section shows the chondri to be composed of crys-
tals of}enstatite and olivine. Nickel-iron is present both in the
chondri and in the ground-mass. The ground-mass is mainly com-
posed of an opaque mineral without metallic lustre, possibly graphite.
The crust of the meteorite 18 a dull greyish black, not showing
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Two portions of this meteorite were forwarded by the Indorq ° .

Durbar, and are registered as follows :— .
ms. -
23A . . . . . . 13508 *
253 B . 87-564

There are two tubes "of Gust

The second portion of this meteorite is photographed on
Pl. 42, fig. 2. It shows a highly varnished black crust, with a net-
work of ridges enclosing miniature pittings averaging one millimetre
in diasmeter. With the lens a few metallic grains can be scen,
possibly nickel-iron. A drop of acid placed on the surface of
the stone yields a smell of HaS, indicating the presence of troilite.

Chondri are not visible.

EXPLANATION OF PLATES.

PLATE NO. 33.

Vishnupur meoteorite, large spoecimen.
PLATE NO. 34.

Fie. 1.—Chainpur meteorite, showing granular structure.
Fig. 2.—Chinpur meteorite, showing crust.

PLATE NO. 35.
Chainpur meteorite, showing granular structure,

PLATE NO. 36. * .

Chainpur meteorite, showing crust and granular structure g
reduced to 3.

PLATE NO. 37.

Chainpur meteorite, showing crust ; reduced to {.

PLATE NO. 38.

..—Mirzapur meteorite, small fragment with crust.
.—Chainpur meteorite, showing granular structure.

PLATE NO. 39.

Mirzapur metcorite, showing the vein of troilite (left hand quarter)
and the trapshotten effect; reduced to §.

PLATE NO. 40.
Mirzapur meteorite, large piece ; reduced to §.

H. B. W. Garrick, Photo.

VISHNUPUR METEORITE.

Large specimen.
Natural Sise.

. GEOLOGICAL SURVEY OF INDIA.

Records, Vol. XLII, Pl 33.

G. S. 1. Calcutta.
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A photograph of the largest fragment of the Baroti stone is .' ,

given on Pl 42, fig. 3.

V.—The Khohar Meteorite.

This meteorite fell on the 19th September 1910, at about 1 .M.
at Khohar village in the Banda district (lat. 25° 6’ 207, long. 81°
31’ 33"). A noise like thunder was heard, the report being audible
four to five miles away. The pieces of this meteorite were received
from the District Magistrate, Banda.

There is one large fragment, nincteen smaller pieces, and two
small chips. These are registered as follows:—

%2A . . . . . . &
252 . . . . . . 33835
252C . . . . . .481902
262D . . . . . . 58887
2%2E . . . . . . 28188
22F . . . . . . 22388
2%2G . . . .+ . 42618
962H . - .+ . . 1883
2621 . . . ... 2393
252d . . . . . . 8617
%2K . . . . . . 2151
22L . . . . . . 22464
22M . . . . . . 34335
262N . . . . . . 22338
2620 . . . . . . 13813
%WIP . . . . .. 17442
2%2Q . . . . . . 15053
%2R . . . . . . 10281
2%2S - . .+ . . . 10085

262 U . 1492

Also a microscope section No. 9206.

The crust of the meteorite is pitted and striated. It is dull
black in colour. The freshly fractured surface is grey with \'Vhitish
beautifully-formed chondrules averaging in size the shot grains of
& “No. 8”7 cartridge.

The microscope section shows the chondrules to_consist of olivine
and enstatite, in small needles often showing radiated arrangement
saud intergrowth. One chondrule is almost precisely the same as

2
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. - that figured in Dana’s System of Mineralogy, page 348. The

» chondrules are set in a ground-mass of nickel-iron and troilite,
with olivine and enstatite. This meteorite is especially remarkable for
the beautiful development of the chondritic structure. Photographs
are given on Pls. 41 and 42, fig. 1, whilst photomicrographs of two
chondrules are given in Dr. Fermor’s paper ‘ Preliminary note on
the Origin of meteorites.’?

VI.—The Lakangaon Meteorite.

The Lakangaon meteorite, which fell about 6 p.M. on the evening
of November the 24th, 1910, at a village named Lakangaon, and
which iz probably identical with Lapangaon (lat. 21° 46’, long. 75°
15" 30") near Nagelwari (the headquarters of the Pargana of
that neme in Native Nimar, part of the Indore State) is especially
interesting because it was accompanied by a brilliant flash of light,
which was seen at a distance of about sixty miles. An interesting
account appeared in the Piomeer which I quote :-—

This evening about six o’clock as we were sitting outside our
tents in the village of Beria ten miles west of Saniwad on the
Rajputana-Malwa Railway, we observed a sudden and extraordinarily
brillignt flash of light which quickly dissolved into luminous smoke,
similar to that emitted by burning magnesium wire, which
remained visible in the sky for over half an hour. The trail of
smoke reached nearly to the zenith. About five minutes after the
flash there was a lond report followed by a rumbling noise. Pre-
sumably this was a very large meteorite, and judging by the time
which elapsed between the flash and the report, it must have struck
the earth at a distance of about sixty miles south-west of our camp.
There is"a low range of hills to the west of this village at a
distance of about three miles.

(8d.) C. F. BELy,

Deguty Conservator of Forests.
N. J. Rouguron,

Assistant Commisgioner.
. W. Tare, Captain, I.M.S.
R. A, WiLson,

Assigtant Commissioner,

3 Jour. A. S. B., Vol. VIII (1912), Plate 28.
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CHAINPUR METEORITE SHOWING GRANULAR STRUCTURE.

. Garriek, Photo,

CHAINPUR METEORITE SHOWING CRUST.

Natural Size

G.NC 1 Caleutia,
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H, bW, Gariek, Photo! . S.
CHAINPUR METEORITE SHOWING CRUST, GRANULAR STRUCTURE.

Nl NSz

.

~

. Calcuita



GLEOLOGICAL SURVEY OF INDIA.

Records, Vol. XLII, Pl 38

CRUST.

B. W, Garrick, Photo,

G. S [
CHAINPUR METEORITE, SHOWING GRANULAR STRUCTURE.

Natural Sise.

Caleutta,
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H. bW, Garrick. I'haoto,

G. S0 o Caleutta,
MIRZAPUR METEORITE

(efthand quarter) AND THE « TRAPSHOTTEN " EFFECT,

s Natural Nize,

SHOWING THE VEIN OF TROILITE
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LW Garrick, Thoto. .S L Caleutta.
MIRZAPUR METEORITE.

Large piece.
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P ILOWo Garick, Photo, G. S, 7. Caleutta.
CHAINPUR METEORITE SHOWING THE CRUST.
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H. B. W. Garrick, Photo. G. S. I. Caleutta,

THE KHOHAR AEROLITE, LARGEST FRAGMENT, SHOWING PORTION OF THE CRUST;

Reduced to about L
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Fig. 8.

[ P Guriel,, 'Loto, [ A Caleutta,

Fig. 1. THE KHOHAR AEROLITE, SMALLER FRAGMENT, SHOWING STRIATED CRUST,

gy

bey

-2, THE LAKANGAON AEROLITE, LARGEST FRAGMENT, SHOWING WRINKLING OF THE CRusT,
Fig. 3. THE BAROT! AEROLITE, L RGEsT FRAGMENT.
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PLATE NO. 41.

The Khohar aerolite, largest fragment, showing portion of the
crust ; reduced to about }. :

PLATE NO. 42.

Fra. 1.—The Khohar aerolite, smaller fragment, showing striated crust.

Fra. 2.—The Lakangaon aerolite, largest fragment, showing wrinkling
of the crust.

Fie. 3.—The Baroti aerolite, largest fragment.
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MISCELLANEOUS NOTES.

Eruption of a submarine Mud Volcano off Sandoway, Arakaa
Coast, Burma. (With mag, plate 43.)

On the night of the 2nd March 1912, (the night of the full moon
of Tabaung, 1273, Buddhist Era), an eruption of a mud v.olcano
occurred on or near the Hlaing Bauk Kon, a submerged reef situated
to the south of Cheduba, some 3 miles out to sea from the village
of Singaung, Sandoway District, Arakan. . .

This reef is known to Europeans as the * Drunken Sailor Rorks'
and its exact position is shown on the accompanying .plan. One. Mg.
" U. Kyaw of Singaung has testified, that on the night men.txoned
sounds resembling thunder were heard from the ses, and that in 'f.he
morning & new island was seen to have been formed st‘ the Hlaing
Bauk Kon. Maung U. Kyaw and two other Burmese villagers took
a boat and attempted to land on the island, but were unable to do
so owing to the roughness of the sea.

The ejected material covered about a quarter of an acre am! was
composed of sand and gravel, ionbtleu kldktoggther by .the viscous
mud which characterises these eruptiosts and enables - their products
to resist the action of the sea for a longer or shorter time. No gas
or oily matter appears to have been evolved, but the waters to the
west of the newly formed island were discoloured with mud. At the
time of the eruption the state of the weather and sea is reported
to have been normal. By the beginning of May 1912 the island had
been washed away.

It thus appears that the raising of the “Drunken Sailor Rocks ** by
a * volcanic ” disturbance which was reported at the time in the.Preu
of India and Burma, is to be accounted for by the sccumulation of
mud, sand, and gravel, on the reef itself, from an eruption of a sub.
marine mud volcano somewhere in the near vicinity. .

I am indebted to Commander A. R. @. Willeck, R.LM., Port
Officer; Akyab, and to the Deputy Commissioner, S8andoway, for details of
Aheir investigations.

[J. Cocarw Bnowx]
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Fiery Eruption of a Mud Volcano on Foul Island, Arakan Coast,
. Burma.

Details have recently reached the office of the Geological Survey of
India regarding the fiery eruption of & mud volcano on Foul Island, off the
Arskan coast of Burma in Novembér 1911. It is desirable to record this
in the general list of such occurrences.

Mr. J. A. deRozario of the Public Works Department, Kyeintali,
Sandoway District, reports that about the month of November 1911,—the
exact date not being remembered,—he was on tour in the Gwa sub-division,
when he was called up to witness an eruption on Foul Island, out to sea
just opposite his headquarters at Kyeintali. Flames rose to a height of
30 or 40 feet for over § minutes, suddenly subsided for 2 or 3 seconds, and
then burned high again for a further 2 minutes. The times were taken with
& watch. The whole sea was lighted up and great volumes of smoke were
evolved which could be seen as clearly as in daylight,—the eruption appa-
rently took place at night. The phenomenon which is described as very
beautiful, was witnessed and worshipped by 20 or 30 Burmese villagers,
who also informed Mr. deRozario that eruptions take place on the island
every 4th or 5th year. The only other recorded eruption of Foul Island
which I have been able to trace, is that of the 24th February 1908, which is
chronicled on the chart of the east coast of the Bay of Bengal, Sheet 2,

Chedube Btrait to Kuronge Island. Its position is shown on a small map
accompanying my previous note. :

The following reference to Foul Island is taken from the Gazetteer of
the S8andoway District published in October 1912,!—* Twenty-three miles
off Bluff point which is at the mouth of the Kyeintali river there is an un-
inhabited island known as Foul Island, and by Burmans as “Nan-tha-K yun.”’
Both names are derived from a mud volcano which gives the island its
conical appearance, and from which at times of eruption pours a strongly
smelling torrent of hot mud bubbling with marsh gas. Beginning from
early in 1908 eruptions also occurred along the line of reefs, [which dot the

southern portion of S8andoway coast along its entire length], and prevented
steamers from calling st Sandoway for three years. '

{J. Coaarxy Brown.]

lias from a Mud Volcano in Mekran.

The sample of gas was kindly sent by W. A. Johns, Esq., C.LE., Engi-
-neer-in-Chief, Karachi Extension Railway Survey, who obtained it from °
one of a group of mud volcanos ** about 15 miles north-east of the town of
Or Mora in Mekran. They have no particular name but are near the place

01 ;Burma Gazetleer, Bandoway Distriot, vol. A, by W. B. Tydd, p- 2 (Rangoon,
)

E
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marked Gwaz on the four miles to the inch map of Mckran.” I have nat ’ '
been able to find a description of the group in question. K. Vredenburg
has given a general account ! of the mud voleanos of the Mekran coast
and references to earlier literature are to be found in his Geologieal Sketch RS ’
. Y . o ° s I N
of the Baluchistan Deserr.? Such detailed descriptions as there are refer T
chiefly to the Hinglaj group. about fifty miles eastward,
The gas was under considerable pressure in the sample bottle, which wa Creek
was evidently well sealed. It consisted of :—
Ka daun
74'5 per cent. of methane, ! AN matu;i’u :
[N ~.
B9 ethue IR I
07 ’ »» unsaturated hydrocarbons, o (10 f* kg N, L : vThateo J
14 . ,, carbon dioxide, i Y “-\.\,\
. s / AN
lg ; » ’ 0\‘ gen, ’ / \'\ Htacingobllllrk kor'l,
. \ a T .
»» »  hitrogen. ) \, \ \\ Drunkon Sailor:
It contained no carbon monoxide and no hydrogen was found by combustion . ' ~
over palladium asbestos. b : 3 L~F-R"%$t,.‘mv~'
The composition of the combustible residue, after the absorption of O “Eust el . \,\.\\
unsaturated hydrocarbons with fuming sulphuric acid, has been caleulated E : N .
on the assumption that it consists of methane, CH,, and ethane, C,Hg; it : 'g\ S
is possible that still higher homologues of the paraffin series may be present, (u‘“'}""‘c.’,‘_ﬁ,) . ~
but the important point is that the gas contains a considerable percentage of
member or members of the paraffin series with a higher carbon content than
marsh gas. The presence of marsh gas alone might be ascribed solely to
decaying organic matter in the mud, but the existence of higher hydro-
carbons suggests a much less recent origin for the gas supply, und indicates
the possibility of association with still higher, liquid, hydrocarhons. In _ — \Nerbudda
B RA)
view of the statement of Boverton Redwood 3 that “ the mud voleanos of i Shoal s
the Mekran coast are instances in which no trace of petroleum exists,” the '
observation may not be without interest.
A small quantity of an evil-smelling green  seum ” from the crater of
the same mud volcano was forwarded with the gas by Mr. Johns. The :
ligwid portion was an aqueous solution, chiefly of common salt, with a sub- e, Mud Velcano
“sidiary quantity of magnesium and calcium salts and a little sulphate, The 57 (19087,
rest consisted mainly of diatoms and bacteria, living and dead, with small , -
. SR e e _ ~ baervalions place
particles of clay. quul(l hydrocarbons were not (letcct(‘:d mn f'}lL “rlu real . Carpenter shi /p;j’,":h’f,:f?o SPE+ERm.
extract from the scum, but the quantity submitted for investigation was [ (
insufficient for a definite.gssertion of their absence.
*
i [W. A. K. CHRISTIE.)
* Baluchistan DistRct Gazetteer Series, VIII; Las Bela; p. 13, (Allahabad, 1007).
2 Mem.. GQeol. Surv. I 901), p. 285.
3 Petroleum,sccond,
‘ h
\Broughain
] /' ' Sh§al . .
{ e (Breaks)
] . {ySatelliteRF
1 " {P.D)
1 RPN ¥  New Shoal
oul ny °
_ :: ruption
‘wp;b.xsos.)
-_,I’ °
1B
18 e
— . . pu—
v . L
‘ WING POSITION OF HLAING BAUK KON op ., pRUNKEN SARTE S
PART OF aANDOWAY COAST 8HO BENGAL-EAST COAST CHART (8hqq, LAREEE T
FROM BAY OF . BV

e, 1 inch = 5k s appn.
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