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L Pt 1, 1856 (out of print) (price 1 Re.): Coal and Iror of Talohir.—Talchir
Coal-field. —Gold yielding deposits of U; Assam,—Qold from Shusé-
gween. 'Pt. 2, 18568 (out of print) (price 2 Ra.) : Geologioal structure of a
portion of Khasi Hills.—Geological structure-of Nilgiri Hills (Madras),
Pt. 3, 1839 (out of prind) (price 2 Rs.): Geologiocal structire and physical

. features of distriots of Bankura, Midnapore, and Orissa,—Laterite of Ori-

saa,—Fosail fish-testh of genus Ceratodus, from Maledi, south of Nagpuri

1L Pt. 1, 1839 (ow! of print) (price 2 Ra.) : Vindhyan rooks, and their associates

in Bundelkhand. Pt. 2, 1860 (out of print) (price 3 Rs.) : Geological struc-

ture of central portion of Nerbudda District.—Tertiary and alluvial de-

posits of central portion of Nerbudda Valley.—Geological relations and
probable age of systems of rocks in Central India and Bengal. .

IIL Pt. 1, 1861 (out of print) (price 3 Rs.) : Raniganj Coal-field.—Additional re-
marks on system of rocks in Central India and Bengal.—Indian Mineral
Statistics, I. Coal. Pt. 2, 1864 (out of print) (price 2 Rs.) : Sub-Himalayan
Ranges between Ganges and Ravi.

IV. Pt. 1, 1862 (out of print) (price 2 Ra.): Cretaceous Rooks of Trichinopoly
[District, Madras. Pt. 2, 1864 (out of print) (price 2 Rs.)i: Distriots of Tri-
chinopoly, Salem, etc. Pt. 3, 1885 (out of print) (price 1 Re.): Coal of
Assam, eto.

V. Pt. 1, 1865 (out of print) (price 3 Ra.) : Sections across N.-W, Himilaya, from
Sutlej to Indus.—Gypsum of Spiti. Pt. 2, 1866 (out of print) (price 1 Re.) :
Geology of Bombay. Pt. 3, 1868 {(out of print) (price 1 Re.) : Jheria Coal-
field.—Geological Observations on Western Tibet.

VI. Pt. 1, 1867 (oui of print) (price 8 Aa.): Neighbourhood of Lynyan, ete., in
Sind.—Geology of portion of Cutch. Pt. 2, 1887, Rep. 1808 and 1921
(price 2 Rs.) : Bokéro Coal-field. —Ramgarh Coal-field. Traps of Western
'and Central India. Pt. 3, 1869 (price 2 Rs. 8 As.) : Tapti end Nerbudda
Valleys.—Frog-beds in Bombay.—Ozyglossus pusillus.

VII. Pb. 1, 1869 (price 3 Rs.): Vindhyan series—Mineral Statistics : Coal.—Shil-
long Plateau. Pt. 2, 1870 (out of print) (price 1 Re.): Karharbari Coal-
§eld. —Deoghar Coal-field. Pt. 3, 1871 (out of prind) (price 1 Re.) : Aden

) water supply. —Kdranpura Coal-fields.

VIIL. Pt. 1, 1872 (price 4 Ra.)j: Kadapah and Karmu! Formations in Madras Pre-

) gidency. Pt. 2, 1872 (out of print) (price 1 Re.): Itkhuri Coal-field.—
Daltonganj Coul-field.—Chope Coal-field. -

IX. Pt. 1, 1872 (price 4 R3.) : Geology of Kutch. Pt. 2, 1872 (price 1 Re.) : Geo-.
logy of Nagpur.—Geology of Sirban Hill.—Carboniferous Ammonites,

‘X, Pt. 1, 1873 (price 3 Ra.): Geology of Madras.—Sdtpura Coal-basin. Pt. 2,
1873 (out of print) (price 2 Rs.) : Geology of Pegu.

XI. Pt. 1, 1874 (price 2 Rs.): Geology of Darjiling acd Western Duars. Pt. 2,
1875 (price 3 Rs.) : Salt-region of Kohat, Trans-Indus,

XIL Pt. 1, 1876 (price 3 Rs,) : South Mahritta Country. Pt. 2, 1878 (price 2 Rs.) :
Ooal-fields of Naga Hills,

XIIL Pt. 1, 1877 (price 2 Rs. 8 As) : Wardha Valley Coal-field. Pt. 2, 1877 (price
2 Rs. 8 As.): Geology of Rdjmahal Hills.

XIV. 1878 (price 3 Ra.) : Geology of Salt-range in Punjab.

XV. Pt. 1, 1378 (out of print) (price 2 Rs. 8 Av.): Aurunga and Hutér Coal-fields
(Palamow). Pt. 2, 1380 (price 2 Rs. 8 As.): Ramlola and Tatapani Coal-
fields (Sirguja).

XVL Pt. 1, 1379 (price 1 Ra. 8 As.): Geology of Eastern Coast from Lat. 157 to
Masulipatam. Pt. 2, 1880 (price 1 Re, 8 As.): Nellore Portion of Car-
natic. Pt. 3, 1880 (price 2 Rs.) : Coastal Region of Godavari District.

XVIL. #t. 1, 1379 (price 3 Rs.) : Geology of Western Sind.  Pt. 2, 1880 (price 2 Ra.) :
‘Trans-Indus extension of Punjab salt-range.
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XVIIL Pt 1, 1881 (owt of ﬁmprica 2 Ra.) s Bouthwn Alghanistan.

Ps, 2, 1891
(out of print) { . 8 Ar): bhom and Binghbhom. Pt 3, 188
(out of print) (price 2 Ra.) : PrankitasGodivari Valiey. '
XIX. Pt. 1, 1882 (price 2 Ra.): Cachar Earthquake of 1868. Pt. 2, 1883 (oxt of
prind) (price 1 Re.): Thermal Springe of Indin. Pt 3, 1883 (price 1 Re.):
Catalogue of Indian Eerthquakes. I't. 4, 1883 (unt of print) (price 1 Re.) s
Geology of parts of Manipur and Nagae Hills.
XX, Pt. 1, 1883 (ol of print) (price 2 Ra. 8 As.) : Geology of Madura aud Tinme-
velly, Pt. 2, 1883 (out of print) (price 2 Ra. 8 As.): Geologios! notes on
Hilla in neighbourifood of Sind and Punjab Fromtier between Quetits and
Ders Ghezi Khen.
XXL Pt. 1, 1884 (out of prinf) (price 2 Ra) ¢« Geology of Lower Narbada Valloy.
Pt. 2, 1884 (0wt of prind) (price 1 Re.): Geolg?y of Kathiawar, P't. 8, 1885,
Rep. 1925 (price 6 Rs. 14 Asd: Coal-fields of SBouth Rewabh. Pt 4, 1885
(out of print) (price 1 Be.) : Barren Island. ]
- XXII. 1883 (ous of print) (price § Ra.) : Gevlogy of Kaahmir, Chamba and Khagan.
XXIIT. 1881 (price 5 Rs.) : Geology of Contral Himalayas. ’

XXIV. Pt. 1, 1887 (price 1 Re. 8 As.) : Southern Coal-fields of Bétpura Gondwins
basin, Pt. 2, 1890 (out of prinf) (price 2 Re. 4 As.) : Geulogy of Sub-Hima-
laya of Garhwal and Kumaun. Pt. 3, 1880 (out ajdpn'n{.)n(m'a 1EReo. 4 As):
Geology of Bouth Malabar, between Beypore and Po i Rivers.
XXV. lsgi(oul of prind) (price 5 Rs.) : Geology of Bellary District, Madras Presi-

: 1Cy.
XXVL 1898 (oyt of print) (price 5 Re.) : Qeology of Hazara.
XXVII. Pt. 1, 1895 (out of prinf) (price 1 Re.) : Marine Fossils from Miocene of Upper
Burma. Pt, 2, 1807 (cuf of zrint) (price 4 Ra.) : Petroleum in Burma and
' its technical exploitation. v
XXVIIT. Pt. 1, 1898 (out o}]prinl) (price 2 Ras.): Geological Structure of Chitichun
region,—Allahbund in uorth-west of Rann of Kuchh.—Geology of m
of Myingyan, Magwe and Pakokku Districts, Burma.—Geology of Mikir
Hills'in Assam.—Geology of Tirah and Bazdr Valley. Pt. 2, 1900 (prése
3 Ra.): Charnockite Series, group of Archxan Hypersthenic Rocks in
Peninsular India.
XXIX. 1900 (price 56 Ra.) : Earthquake of 12th June 1887,

XXX, Pt. 1, 1900 (price 2 Rs.): Aftershocks of Great Earthquake of 12th June
1897. Pt. 2, 1900 (price 1 Re.): Gealogy of neighbourhood of Sslem,
Madras Presideney. Pt. 3, 1001 (price 1 Re.): Sivamalai Series of Elso-
lite-Syenites and Corundum Syevnites. Pt. 4, 1901 (price 1 Re.): Geolo-
giocal Congress of Paris.

-

- XXXI. Pt. 1, 1901 (out of print) (price 2 BRa.) : Geoloﬁoi Son Valley in Rewah State

and of Parts of Jabalpur and Mirzapur, 2, 1901 (prwe 3 Bs.) : Balu-
chistan Desert and part of Esstern Persia. Pt. 3, 1901 (price 1 Re.):
Peridotites, Serpentines, eto., from Ladskh,
‘XXXII Pt. 1, 1901 (price 1 Re.): Recent Artesian Experiments in India. Tt 2,
: 1801 (price 2 Rs.) : Rampur Coal-feld. Pt. 3, 1902 (price 3 Ra.) : ** Exotic
Blocks  of Malla Johar in Bhot Mahals of Kumaon. Pt. 4, 1904 (out of
prinf) (price 3 Re.) : Jammu Coal-ficlds.

XXX{fI. Pt. 1, 1901 (price 8 Re.) : Kolar Gold-field. Pt. 2, 1901 (price 2 Ra.) : Art.

1: Gold-fields of Waindd. Art. 2: Auriferons Quartzites of Parhadiah,
Chota Nagpur. Art. 3: Auriferous looalities in North Coimbatore. Pt. 3,
1902 (price 1 Re.) : Geology of Kalahandi State, Central Provinoces.
XXXIV. Pt. 1, 1901 (price 1 Re.) : Peculiar form of altered Peridotite in Mysore State.
Pt. 2, 1902 (out of print) (price 3 Rs,) : Mica deposits of India. Pt. 3, 1903
.(price 1 Re.) : Sandhills of Clifton near Karachi. Pt. 4, 1908 (0wt of print)
(‘\ prul';c 4 Ra.) : Geology of Pefsian Gulf and adjoining portions of Persia and
Arabia.
XXXV. Pt. 1, 1902 (out of print) (price 2 Rs.) : Geology of Weatern Rajpuiana:. Ps.
2, 1923 (price 1 Re.) : Aftershocks of Great Earthquake of 12th June 1897.
Pt. 3, 1904 (out of print) (price 1 Re.): Seismic phenomena in British
India and their connection with ita Geology. Pt. 4, 1911 (price 1 Re.) :
Geology of Andaman Islands, with reference to Nicobars,
XXXVI. Pt I, 1904 (price 4 Rs.): Geology of Spiti. Pt. 2, 1907 (price 3 Rsa.} ¢ Goo-
logy of Provinces of Tsang and U in Central Tibet. Pt. 3, 1912 (price
3 Rs.) : Trias of the Himalayas,
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XXXVIL 1809 (price of complese volume 3 Ra.): Manganese-Ore Doposita of India :
" - Pt. 1 (out of prinf) (prica 3 Ra.), Introdaction and Mineralogy ; Pt 2 (out
‘of prind) (price 3 Jis.), Geology ; Pt. 3 (out of prind) (price 3 Rs.), Econo-

mies and Mining ; Pt. 4 (ouf of prind) (price 6 Ra. ), Doscription of Deposits.

Vor. XXXVIIf. 1010 (ot of print) (price 5 Rs.) : Kangra Earthquake of 4th April 1905.
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XXXIX, Pt. 1, 1011 (price 2 Ra.): Geology of Northern Afghanistan. Pt. 2, 1913
, (out of print) (price 3 Ba.) : Geology of Northern Shan States.

X1, Pt. 1, 1912 (ous of print) (price 5 Ra.): Oil-Fields of Burma. Pt. 2, 1914
(price 3 Ra.) : Petroleuwin Ocourrences of Assam und Bengal. Pt. 3, 1020
(out of print) (price 5 Rs.): Petroleum in the Punjab and North-West

Frontier Province.
XLI Pt. 1, 1913, Rep. 1922 (price 5 Rs.) : Coal-fields of India. Pt. 2, 1014 (price
3 Rs.) : Geology and Coal Resources of Korea State, Central Provinoces.
XLIL Pt. 1, 1914 (price 3 Rs.): Burma Ea.rtllxﬂuakes of Moy 1912, Pt. 2, 1917
(price 3 Rs.): The strudture of the Himalayas and the (Gangetic Plain.
XLIIL Pt. 1, 1913 (ous of print) (price 2 Rs.) : Indian Geological Terminology. Pt.2,
1916 (price 1 Re.): Catalogue of Meteorites in the collection of the Geo-
~ logical Survey of India, Caloutta.
XLIV. Pt. 1, 1921 (price 8 Rs.): Geology of Idar State. Pt. 2, 1023 (price 6 Ra.
8§ As.): Geology and Ore Deposits of Tavoy.
XLV. Pt. 1, 1917 (out of print) (price 3 Ra.) : Geology of North-Eastern Rajputana
and Adjacent distriots, Pt. 2, 1922 (price 3 Ra.) : Gwalior and Vindhyan
Systems in Scuth-Eastern Rajputana.
XLVL. Pt. 1, 1920 (price 3 Rs.) : Srimangal Earthquake of 8th July 1918. Pt. 2,
1926 (price 2 Rs.) : The Cutch (Kachh) Earthquake of 18th June 1819 with
a Revision of the Great Earthquake of the 12th June 1897.
XLVIL Pt. 1, 1920 (price 3 Rs.) : Mines and Mineral Resources of Yunnan. Pt. 2,
1923 (price 4 Rs.). The Aikaline Lakes and the Soda Industry of Sind.
XLVIIL Pt. I, 1922 (price 5 Rs.): Geological Notes on Mesopotamia with special
references to Occurrences of Petroleum. Pt. 2, 1925 (price 3 Rs. 12 As.) :
Geology of parts of the Persian Provinces of Fars, Kirman and Laristan.
XLIX. Pt. 1, 1923 (price 5 Rs, 8 As.): The Bauxite and Aluminous Laterite ocour-
rences of India. Pt. 2, 1928 (price 7 Rs. 12 As.) : The Former Glaciation
of the East Lidar Valley, Kashmir, '

L. Pt. 1, 1925 (price 5 Rs. 6 As.) : Descriptions of Mollusca from the Post-Eocene
Tertinry Formation of North-Western India: Cephalopoda, Opistho-
branchiata, Siphonostomata. Pt. 2, 1928 (price 8 Rs. 10 As.). Descriptions
of Mollusoa from the Post-Eocene Tertiary Formation of North-Western
India : Gastropoda (in part) and Lamellibranchiata.

LI. Pt. 1, 1926 (price 2 Rs. 8 As.) : Indian Geological Terminology. Pt. 2, 1928
{price 7 Ra. 6 As.) : The Geology of Poonch State (Kashmir) and Adjacent
Portions of the Punjab.

LIL. Pt. 1, 1925 (price 7 Rs, 8 As.) : On the Geological Structure of the Karanpura
Coal-fields, Bihar and Orissa. Pt. 2 (¢n the press) : The Aluminous Re-
fractory Materials : Kyanite Sillimanite and Corundum in Northern India.

LITL. 1928 (price 4 Ra.) : The Structure and Correlation of the Simla Rocks.

. -
Contents and index to Memoirs, Vola. I.XX and Vols. XX[.- XXXV, Price 1 rupae each.



PALZONTOLOGIA 'lNDlCA.

(Ses. I, III. V, V1, VIIL)—CRETACEOUS FAUNA OF SOUTHERN INUIA y ¥, 8'1014-
except VoL. 1, pt. I ; by H. F. BLANFORD.

Ses. | & IIT. -V0t.. L TheOe phalopoda (1881.85), pp. 216, pls. 94 (6 donble) (oﬂo[pﬁal)
V.—~Vor II The Gmpod&(lw&). Ppp. xii, pla. 28 (0wt of prisi),
V1.—Vou. III. The Pelecypoda (1870-71), pp. xxii, 537, pls. 50.
VIII,—VoL. IV. The Brachiopoda, Ciliopoda, Echinodermata, Corals, etc., (1872-78),
’ Pp. v, 202, pls. 29.

(Ser, II, XI XI1)—THE FOSSIL FLORA OF THE GONDWANA SYSTENM, by O. FE!ST
MANTEL, excepé Vor. I, Pt. 1, by T. OLDHAM end J. MORRIS.

Vor. 1, pp. xviii, &3 Hﬂfu 72, 1883-10. Pt 1 (out of print): Réjmekdl Group, Réjmahdl
same (continsed). Pt. 3 : Planta from Golzpilli. Pt.4:
Ontheuontholhdrucout.

Vou II, PP xli, 115. 9. 2&, 1876-78 Pt. 1: Jursssic Flora of Kach, Pt. 2: Flora of the

Vor. HI. pp n, M-l- 149, 80 (9 double) (I—-XXXI+1A—XLVIL2). 1879-81. Pt
1: The ll)?lom of the Talchir-Karharbari beds. Pt. 2: The Flora of the
Damuda and Panchet Divisions. Pt. 8 : The same (concluded).
Vor. IV, pp xxvi, 25 66, pls. 35 (2 double) (I—XXI+IA—XIVA). Pt 1 (1582) (ows of
ind) : Foesil ¥lora of the South Rewa,h Gondwana basin. Pt. 2 {1860):
g'ﬁ Flora of some of the coal-fields in Western Bengal.

(Ser. 1X.) JURASBSIC FAUNA OF KUTCH.

Vor. 1, (18738-76). The Cephalopods, pp. i, 247, pls. 60 (6 double), by W. Wasasw,

VoL, IL, pt. 1 (1893) Thc; Echinoidea of Kach, pp. 12, pls. 2, by J. W. GrEGORY (ou/
[ int),

VoL, IL pt. 2 (1900).  The Gon.ls, pp. 196, 1—IX, pls. 26, by J. W. GERaoRY,

Vo, I, pt. 1 ilwtl) The Brachiopoda, pp. 87, pls, 15, by F. L. Krrcam.

Yo I, pt. 2 (1903). . Lamellibranchista : Genus Tngonia PP 122, pls. 10, by F. L.

——

(SEr. IV.) -INDIAN PRE-TERTIARY VERTEBRATA.

Vor. L, pp. vi, 137, pls. 26, 18656-85. Pt. 1 (1865): The Vertebrata Fassils from the Panchet

rocks, by T. H. Huxtey. Pt. 2 (1878): The Vertcbrate Fossils of the

Kota-Maleri Group, by 8z P. px M. Grey Ecenson, L. C. Miary, . and

W. T. Buanrorp., Pt. 3 (1879): Reptilia and Batrackia. by R. Lxpex-

KER. Pt. 4 (1885) (out uf print) : The Labyrinthodont from the Bijori grouvp,

b R. Lyorgker, Pt. 5 (1885) (out of print) : The Reptilin snd Awphibis
the Maleri and Denwa groups, by R. LyDEKEERR.

(Ser. X.)--INDIAN TERTIARY AND POST-TER'CIARY VERTEBRATA, by
R. LYDEKKER, cecept Vor. 1, Pr. ), by R, B. FOOTE.

Vor. 1, pp. xxx, 300, pls. 50, 1874-80. Pt. 1: Rhinocero# deccapensis. Pt. 2: Mc]n.r
teoth and other remains of Mnm,malis. Pt. 3: Crania of Ruminants.
Pt. 1 Bupplements to I't. 3. Pt. b : Siwalik and Narbuda P'roboscidia.
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Vi I 3 A . 45, 1881-84, Pi. 1: Siwallk Rhinooerotide, Pt. 2: Supple-
on 1wt 3%0 Biwalik and Narbada Probosscidia. Pt. 3 : Siwalik and Nugada
' Equidss. Pt. 4: Siwalik camelopardalide. Ft. 5 : Siwalik Selenodont
. Suina, eto. Pt. 8 : Siwelik and Narbada Carnivora. ) .
Vou III, pp. xxiv, 264, pls. 38, 1884-86. Pt. 1 (out of print); Agldit.ion_ul S_lwa.likf Perisso-
o dactyla and Proboscidia. Pt. 2 (out of prind): Biwalik an Narbada
Bunodont Suina. ‘Pt. 3 (out of print): Rodents and new Ruminants
from the Biwalika. Pt. 4 (out of print): Siwalik Birds. Pt. & (out of
prind) : Mostodon Teeth from Perim Island. Pt. 6 (out of print) ; Siwalik
and Narbada Chelonia. Pt. 7 (out of print) : Siwalik Crocodilia, Lacertilia
and Ophidia. Pt. 8 (out of print) : Tertiary Fishes.
Vor. IV, pt. 1 (outof print), 1886, pp. 18, pls. 8, Siwalik Mammalia (Sl,?:plement). .-
Vor 1V, pt. 2 (out of print), 1886, pp. 40 (19—58), pls. 6 (vii—xi). The Fauna of the Karnul
' caves (and addendum to pt. 1).
Yor. 1V, pt. 3 (out of prind), 1887, pp. 7 (569-66), pls. 2 (xii—xiii). Koocene Chelonia from the
Salt-range. _

e t—— —

(8mm. VII, XIV.)—TERTIARY AND UPPER CRETACEOUS FAUNA OF WESTERN
INDIA, by P. MARTIN DUNCAN end W. PERCY SLADEN, except Pr. 1, by F. 8TO-
LICZKA.

vor. 1, pp. 16+1104382+91=599, pla. 54284-584-13=104, 1871-85. Pt. 1 (out of

prind) : Tertiary Crabs from Sind and Kash. Pt. 1 (new 2): Sind Fossil
Corals and Aleyonaria; by P. Martin Duncan. Pt. 3: The Fossil Echi-
noidea of Sind : Fas, I, The Carditla beaumonts beds: Fas. 2, The Ranikot
Series in Western Sind ; Fas. 3, The Khirthar Series ; Fas. 5, The Nari
(Oligocene) Series ; Fas. §, The Gaj (Miocene) Series : Fas. 6, The Makrén
(Pliocene) Series ; by Duncan and Sladen. Pt. 4: The Fossil Echinoidea
of Kach and Kattywar ; by Duncan, Sladen and Balnford.

(Ser., XIIL)—SALT-RANGE FOSSILS, by WILLIAM WAAGEN, Pz.D.
Produots-Limestone Group : Vol. I, pt. 1 (1879). Pisces, Cephalopoda, pp. 72, pls. 6.

» " » » 2(1880). Gastropoda and supplement to pt. 1, pp. 111
_ (73—183), pls.10 (1 double), (vii—xvi).
" - » » 3(1881). Pelecypoda, pp. 144 (185—328), pls. 8

(xvii—xxiv). _
» 4 (1882—85). Brachiopoda, pp. 442 (329—770), pls. 62
\XXv—IxxxVi),
' " » » 0 (1885). Bryozoa—AnnéNde—Echinodermata, Pp. 64
N (771—834), pls. 10 (Ixxxvii—xovl).
» " » » 6(1888). Coelenterata, pp. 90 (835—924), pls. 20
(xcvii—exvi).
» » 1(1887). Celenterata, Protozoa, pp. 74 (926—998),
pls. 12 (exvii—cxxviii).
Foasils frum the Ceratite Formation: Vol. 1T, pt. 1 (18953). Pisces— Amnmoncidea, pp. 324,
pla. 40 (out nf prnt).
Geclogionl Results: Vol. IV, pt. | (1859), pp. 1--88, pls. 4 (oul of print).
" " " » 2 (1891), pp. 89242, pls. 8 (ont of print).

” »” ”

-

»” b 3]

(Ser. XV.)—HIMALAYAN FOSSILS.
Upper-triassic and liassic faunwe of the exotic blocks of Malla Johar in the Bhot Mahals of Ku-
maon : Vol. I, pt. 1 (1908), pp. 100, pls. 16 (1 double), by Dr. C. Diencr.

Anthracolithic Fossils of Kashmir and Spiti: Vol. I, pt. 2 (1899), pp. 96, pls. 8, by Dr. C. Diener.
The I:erll)noca.ﬂxmiferone Fauna of Chitichun No. 1: Vol. I, pt. 3 (1897), pp. 105, pls. 13, by Dr.
C. Diener. ’

The Permian Fossils of the Productus Shales of Kumaon and Garhwal : Vol. I, pt. 4 (1897), PP.

84, pls. 5, by Dr. 'C. Diener.
The I§’ierminm Vousils of the Central Himalayas : Vol, T, pt. 5 (1903), pp. 2¢4, pls. 10, by Dr. C.
ener. '
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The Cephalopoda of the Lower Trise 1 Val. 11, pt. 1 (1897), pp. 182, 23, by Dr. C. Diene¥.

The Cephalopods of the Muschelkalk : Vol. I1, pt. 2(1885), pp. 118, pla. 31, by Dr. C. Disner.

Upper Trisssic Cephslopods Fenne of the Himalays ¢ Vol. 111, pt. 1 (1899), pp. 157, pl. 22,
by Dr. F. von Moisisovios.

Trias Brachiopods and Lamellibranchiata : Vol I1I, pt. 2 (1809), pp. 76, pls. 12 (2 donbie),
by Alexander Bittner, :

The Fauna of the Spiti Shales: Vol. IV. Cephalopods : Faee, 1 (lﬂ(ggapp. l”i’lj‘ﬂ-l. 18 ; Fasc.
2 (1910), pp. 133—306, pls. 47 (2 double) ; Fasc. 3 (1910), pp. J07—365, pla. 32; biv Dr.
V. Uhlig. Lamellibranchiata end Gastropods : Fasc. 4 (1813), pp. 397—456, pls, 7 by
Dr. K. Holdhsus. Additional Notes on the Fauna of the Spiti Shales : Faso. 8 (1914),
pp. 457—511, pls. 4 ; by Miss Pauls Bteiger., Ph.ID.

The Fg of the ’E‘opites-mmestoxm of Byans : Vol V, Memoir No. 1 (1908), pp. 201, pls. 17
(1 mble). by Dr. C. Diener. .

The Fauna of the Himalayan Muschelkslk : Vol. V, Msmoir No. 2 (1907), pp. 140, pla. 17 (2
double), by Dir. C. Diener. -
Ladinio, Carnio and Noric ¥auns of Spiti: Vol. V, Memoir No. 3 (1008), pp. 157, pla. 24 (3

doutle), by Dr. C. Diener. , ‘ _
Lower Triassic Cephalopoda from Spiti, Malla Johar and Byass : Vol. VI, Memcir No. 1 (1908),
p. 188, pls. 31, by Dra. A. von Kraft end C. Djener. , ‘
The Falna of the Traumstocrinus Limestone of Painkhands : Vol. V1, Memoir No. 2 (1908},
p. 39, pls. 5, by Dr. C. Diener. '
The Cambrian Fossils of Spiti : Vol. VII, Memoir No. 1 (1910), pp. 70, ‘gls. 6, by F. R. C. Roed.
Ordovician and Silurian fossils from the Central Himalayss: Vol. VII, Memoir No. 2 (1912),
pp. 168, pls. 28, by F. R. C. Reed.

(Szr. XV1.)—BALUCHISTAN FOSSILS, by FRITZ NOETLING, Pa.D., F.G.8.

The Fauna of the Kellaways of Mazér Drik : Vol. I, pt. 1 (1895), pp. 22, pls. 13.

The Fauna of the {(Neocomian) Belemnite Beds : Vol. I, pt. 2 (1807), g) 6, pls. 2 (owd ? prind).

The Fauna of the Upper Cretaceous (Maéstrichijen) Beds of the Mari Hills : Vol. I, pt. 3 (1697),
pp. 79, pla. 23 (out of print).

The price fixed for these publications is four aln{:ulper single plste, with & minimum charge of

(NEW SERIES.)

The Cambrian Fauna of the Eastern Sslt-range : Vol. I, Memoir 1 (1809 . 1 X .
Notes on the Mo e Pelecypoda : I, Menioir 2 (18989 . 58, pls. 4, .
FritzvNoetlin!zh Prive 1 Re. 4 As, (1599), pp- 58, yls. 4, by r
¥auna of the Miocens Beda of Burma : Vol. I, Memoir 3 (1901), pp. 378, pls. 25, by Dr. Fritz
Noetling. Prios 6 Ra. 4 As. (oul of print). :
Observations sur quelques Plantes Fossiles des Lower Gondwanaa: Vol, 11, Memuir 1 (1992)
pp- 39, pls. 7, by R. Zeiller. Price 1 Re. 12 Ae. o
Permo-Carboniferous Plants and Vertebrates from Kashmir: Vol 11, Memoir No. 2 (195)
pp. 13, pls. 3, by A. C. Seward and Dr. A. Smith Wnodward. Price 1 Re. ’
The Lower Paleozoic Fussils of the Northern Shan States, Upper Burma ; Vol. 11, Memoir
No. 3 (1906), pp. 154, pls. 8, by F. R. C. Recd.  Price 2 Re. '
The Fauna of the Napcug Beds or the Rhatic Beds of Upper Burma ; Vol, 11, Memoir No. 4
(1908), pp. 88, pls. 9, by Miss M, Healey. Price 2 Bx. 4 As. )
The Devonian Faunas of the Noxthern Shan States : Vol. 11, Memoir No. 5 (1908), pp. 183
pls. 20, by F. R. C. Reed. Price 5 Rs. ‘
The Mollusca of the Ranikot Series : Vol. 111, Memoir No. 1 (1909), pp. xix. 83, pls. 8, by M
Cossmann and G. Pissarro. Introduction, by E. W. Vredenburg,  Price 2 Re e
The Brachiopoda of the Namyau Beds, Northern Shan States, Burma, Vol. 11, Menicir No, ¢
(1917), pp. 254, pls. 21, by 8. 8, Buckman. Price 56 Rs. 4 As,

On some Fish-remains from the Bede of Do aon, Central Provinces, Val: 1 irNo. 3
1. 1908) pp. 6, pl. 1, by Dr. A. Sinith Woodward. ~ Price 1 Re. U Memsoir No. 3
thracolithic Fossils of an Stetes : Vol. 111, Memoir No, 4 (1911), pp. 7 . ;

T C. Dienér. ﬁ})rice 1 lRe. 12 Aa. - \ ( % PF- 74, pla. 7, by De
he Foassil Giraffides of India; Vol. 1V, Memoir No. 1 (3811), pp. 29, pla ; Dr. G. E. P

gl rree 1 o 4 e (A011), py Pla & by Dr. G. E. Pi)

"
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The Vertobrate Fanns of the Gaj Berios in the Bugti Hills and the Punjabs Vol. IV, Memoir

No. 2 (1912), pp. 83, pis. 30, and map, by Dr. G. E. Pilgrim. Price 8 Re. .
Gondwana ts from tha Gola Pass, Kagbmir : Vol. IV, Memoir No. 3 (1912),
Pp- 10, pis. 3, by A. C. Seward. Price 1 Re. .
Megozoio Planta from anistan and Afghan-Turkisten : Vol. IV, Memoir No. 4 (1912}, pp.
- 81, g‘h 7, by A, C. Seward. Price 1 Re.'12 As.

Trisssio Faunm of Kashmir : Vol. V, Memoir No. 1 (1913), pp. 133, pls. 13, by Dr. C. Diener.
Prico 3 Ras. 4 As. . ‘ ] ‘

The Anthracolithic Faune of Kashinir, Kanaur and Spiti: Vol. V, Memoir No. 2 (1915), pp.
135, pls. 11, by Dr. C, Diener. Price 2 Ra. 12 As. '

La Crétacé et I'Eocéne du Tibet Central : Vol, V, Memoir No. 3 (1918), pp. 52, pls. 16, by Prof.
Henri Douvillé. Price 4 Re. ‘

Supplementary Memoir on New Ordovician and Silurian fossils from the Northern Shan States :
Vol, VI, Memoir No. 1 {1915), pp. 08, pls. 12, by F. R. C. Reed. Price 3 Rs.

Devonian Fossils from Chitral and the Pamirs : Vol. VI, Memoir No. 2 (1922), pp. 136, pls. 16,
by F. R. C. Reed. Price 4 Rs.

Ordovician and Silurian Fossils from Yunnan : Vol. VI, Memoir No. 3 (1917), pp. 69, pls. 8,
by F. R. C. Reed. Price 2 Rs. _
Upper Carhoniferous Fosails from Chitral and the Pamirs : Vol. VI, Memoir No. 4 (1925), pp.

134, pla. 10, by F. R. C, Reed. Price 9 Rs. 13 As.

Indisn Gondwansa Plants : A Revision : Vol. VII, Memoir No. 1 (1920), pp. 41, pls. 7, by A. C.
Seward and B. Sahni. Price 1 Re. 12 As. ' ‘

The Lamellibranchiata of the Eocene of Burma : Vol, VII, Memoir No. 2 (1923), pp. 24, pls. 7,
by Dr. G. de P. Cotter. Price 3 Rs. 10 As,

A Review of the Genus Gisortia with descriptions of several species : Yol. VII, Memoir No. 3
(1927), pp. 78, pls. 32, by E. Vredenburg. Price 10 Rs. 5 Aa.

An incomplete skull of Dinotherium with notes on the Indian forms : Vol. VII, Memoir No. 4
(1924), pp. 13, pls. 3, by R. W, Palmer. Price 1 Re. 2 As.

Contributions to the Palzontology of Assam : Vol, VIIT, Memoir No. 1 (1923}, pp. 73, pls. 4, by
Erich Spengler. Price 5 Ras. . '

The Anthracotheriidee of the Dera Bugti deposits in Baluchistan : Vol. VIII, Memoir No. 2

16824), pp. 59, pls. 7, by C. Forster Cooper. Price 4 Rs.

The Perissodactyla of the Eocene of Burma : Vol. V1II, Memoir No. 3 (1925), pp. 28, pls. 2, by
Dr. G. E. Pilgrim. Price 1 Re. 9 As.

The Fossil Suids in India : Vol. VIII, Memoir No. 4 (1926), pp. 85, pls. 20, by Dr. G. E. Pilgrim.
Price 11 Ra, 12 As. :

On the Blake Collection of Ammonites from Kachh : Vol. 1X, Memoir No. 1 (1924), pp. 29, by
L. F. Spath. Price 12 As.

Revision of the Jurassic Cephalopod Fauna of Kachh (Cutch) : Vol. IX, Memoir No. 2. Part
I(1927), pp. 71, pls. 1—7, price 4 Rs. 12 As. ; Part 11 (1928), pp. 73— 161, pls. 8-—19, price
T Re, 14 As. ; Part 1L tin the press); by L. F. Spath.

Pal@ozoic and Mesozoic Fossils from Yunnan: Vol. X, Memoir No. 1 (1027), pp. 291, pls. 20,
by F. R. C, Reed. Price 20 Re. 9 As. .

The Mollusea of the Ranikot Series (together with some species from the Carditn Bewu-
monti Beds) : Vol. X, Memoir No. 2 (1927), pp. 31, pls. 4, by M, Cossmavn and G. Pissarro,
revised by the late Mr, K. Vredenburg, with an introdnetion and editorial notes hy br,
@. de P. Cotter.  Prico 2 Re. 6 As.

Len Couches & Cardits Beaumonti : Vol. X, Mewoir No. 3. Les Couches a Cardita Beanmonti
dans lo Bélouchistan : Fasc, | (1928), pp. 25, pls. 4, price 2 Rs. 12 As.; Les Conches a
Cardita Beaumonti dans’'le Sind : ¥asc. 11 (én the presa); by Prof. Henri Douvillé,

A Bupplement to the Mollusca of the Runikot Series ; Vol X, Memoir No, § (1928), pp. 75,
pls. 9, by The Late E. W. Vredenbwryg, cdited with notes by Dr. G, de 1. Cotter,
Prico 6 Rs. 12 As.

Revisions of Indian Fossil Plants: Vol. XI. Coniferales (a. Impressions and Incrastations)
Part 1-(1928), pp. 49, pls. 6, price 3 Rs, 12 As. ; by Prof. B. Sahni.

The Faune of the Agglomeratic Slate Series of Kashmir : Vol. XIT (1928), pp. 42, pls, 8, hy
Tl:: Late H. 8, Bion, with an Introductory Chapter by C. 8, Middlemiss, Price 6 i,
8 As,

Tac Artiodactyls of the Kocene of Burma : Vol X1IT (1928), pp. 39, pls. 4, by Dr. G, K. Filgrine,
Price 3 Rs. 12 Aa. .

A Sivapitheous Palate and othor Pritnato Fossils from Tndia: Vol. XIV (1927), pp 24, pl. |,
by Dr. G. E. Pilgrim. Price 1 Re. 8 As.

index to the (Genera and Species described in the Palaontolagia [ndica, up to the year 1893,
Prioe 1 rupee,. .

/



RECORDS OF THE GEOLOGICAL SURVEY OF INDIA,

Vor. 1, 1868. .

Parl 1 (out of print).—Annusl report for 1867, Coal-seams of Tawa valley. . Coal in Gsrrow
ills. pper in Bundelkund. ' Meteorites. .
Part 2 (out of print).—Coal-seams of neighbourhood of Chanda. Coal ncar Nagpur. Geologi-
cal notes on Surat collectorate. Cephalopodous fauna of South Indian cretaceous deposits,
Lead in Raipur distriet. Coal in Eastern Hemisphere, Meteorites. i :
Part 3 (out of print).—Gastropodous fauna of South Indian cretaccous depasits. Notes on l'tﬁljllt‘e
from Poona to Nagpur vid Ahmednuggur, Jaloe, Loonar, Yotmabal, Mangali, snd Ving
gunghat. Agate—&.ke in pliocene (?) deposits of Upper Godavery. Boundary of ind-
hyan series in Rajputana. Meteorites.

Vor. 1L, 1869.

Part 1 (vut of print).—Valley of Poorna river, West Berar. Kuddapah and' Kumool formations.
Geologicazl’ sketch of Sﬁvillong plateau. Gold in Singhbhoom, ete. Wells at Hazareebagh.
Meteorites. - ' . .

Part 2 (out of print).—Annual report for 1868. Pangshura tecta and other species of Chelonia

- from newer tertiary deposits of Nerbudda valley. Metamorphic rocks of Bengal.

Part 3 (out of print).—Geology of Kutch, Western India. Geology and physical geography of
Nioobar lalands. o

Part 4 (out of priné).—Beds containing silicified wood in Eastern Prome, British Burms. Min-
eralogical statistics of Kumaon division. Coal-field near Chanda. lead in Raipur dis-
trict. Meteorites,

VoL. 111, 1870.

Part 1 (out of print).—Annual report for 1869. Geology of neighbourhood of Madras. Allo.
vial deposits of Irrawadi, contracted with those of Ganges. o

Part 2 (out of print).——Geology of Gwalior and vieinity. Slates at Chiteli, Knnfaon. Lead
vein near Chicholi, Raipur district. Wardha river coal-fields, Berar and Central Pro-
vinces, Coal at Karba in Bilaspur district. .

LPart 3 (out of print).—Mobpani coa.llfﬁeld. Lead-ore at Slimanabad, Ju:bul district. Coal-
east of Chhattisgarh between Bilaspur and Ranchi Petroleum in a. Petroleam
locality of Sudkal, near Futtijung, west of Rawalpindi. Argentiferous galena and copper
in Manbhum. Aseays of iron ores. .

Part 4 (out of priut).—-gidogy of Mount Tilla, Punjab. Copper deposits of Dalbhom and

- 8inghbhum : 1.—~Copper mines of Singhbhum : 2.—Copper of Dalbbum and Binghbhum,
Meteorites.

) ) VoL. IV, 1871. i

Par: 1 (out of print).—Annusl report for 1870, Alleged discovery of coal near Gooty, and of
indications of cosl in Cuddapah district. Mineral statistics of Kumaon division.

Part 2 (out of print).—Axial group in Western Prome. . Gealogical structure of Southern Kon-

Supposed occurrence of native antimony in the Straits Settlements. Deposit in
boilers of steam-engines at Raniganj. Plant-bearing sandstones of Godavari valley, on
southern extensions of Kamthi group to neighbourhood of Ellore and Rajmandri, and on
possible ocourrence of coal in same direction.

Part 3 (out of print).—Borings for coal in Godavari valley near Dumaguden and Bhadrachalaw,
Narbada coal-basin. Geology of Central Provinces. Plant-bearing sandstones of Goda-
vari velley.

Part £ (oul of print).—Ammonite fauna of Kutch. Reigur and Hengir (Gangpur) Coal-field.
Sandstones in neighbourhood of first barrier on Godavari, and in country between Goda
vari and Ellore,

Voo V, 1872,

Part 1 (out of print).—Annual report for 1871. Relations of rocks near Murree (Mari), Punjab.
Mineralogical notes on gneies of South Mirzspur and Adjoining country. Sandstones in
neighbourhood of first barrier on Godavari, and in country between Godaveri aud Eliore.
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of print).—Ooasts of Baluohistan and Poernia from Karachi to head of Persian Gulf,
Mui((lo:;in{‘:)?u&nl! Iaslands. Parts of Kummummet and Hanamconda distriots in Nizam’s
Dominiona, Geology of Orissa. New coalfield in south-eastern Hyderabad (Deccan
rritory.
Pm‘; (m} print).—Maskat and Massandin on east of Arahia. Exdmple of local joining.
Axial group of Western Prome. Geology of Bombay Presidenoy. }
Part 4 (out of print).—Coal in northern region of Batpura basin. Evidence afforded by raiged
" oyater banks on coasts of India, in estimating amount of elevation indicated thereby, - Pos-
gible field of coal-measures in Godavari distriot, Madras Presidency. Lameta or iutra.
teappean formation of Centrsl India. Petroleum localities in Pegu. BSupposed eczoonal

limestone of Yellam Bile, .
: Vou. VI, 11873.

Part 1.—Annual report for 1872,  Geology of North-West Provinces.

Part 2 (oud of print).—Bisrampur coal-field. Mineralogical notes on gneiss of south Mirzapur
and adjoining country.

Part 3 (out of print).—Celt in ossiferous deposits of Narbada valley (Pliocene of Falconer): on
‘age of deposits, and on associated shells. Barakar (coal-measures) in Beddadanole field,
Godavari district. Geology of parta of Upper Punjab. Coal in India. Salt-springs of
Pogu. : .

Part 4 %out of prind).—Iron deposits of Chanda (Central Provinces). Barren Islands and Nar-
kondam. Metalliferous resources of British Burma.

. L3

Vor. VII, 1874.

« Part 1 (out of print).—Annual report for 1873. Hill ranges between Indus valley in Ladak
and Shah-i-Dula on frontier of Yarkand territory. Iron ores of Kumaon. Raw materials
for iron-smelting in Raniganj field. Elastic sandstone, or so-called Itacolumyte. Geo-
logical notes on part of Northern Hazaribagh.

Part 2 (out of print).—Geological notes on route traversed by Yarkand embassy from Sah-i-
Dula to Yarkand and Kashgar. Jade in Karakas valley, Turkistan. Notes from Eastern
Himalays. Petroleum in Assam. Coal in Garo Hills. Copper in Narbada valley. Po-
tash.salt from East India. Geology of neighbourhood of Mari hill station in Punjab.

Part 3 (out of print).—Geological observations made on a visit to Chaderkul, Thian Shan range.
Former extension of glaciers within Kangra district. Building and ornamental stones of
India. lMaterials for iron manufacture in Raniganj coal-field. Manganese-ore in Wardha
coal-feld. :

Part 4 (out of print).—Auriferous rocks of Dhambal hills, Dharwar district. Antiquity of human
race in India. Coal recently discovered in the country of Luni Pathane, south-east corner
of Afgbanistan. Progress of geological investigation in Godavari district, Madras Pre-
gidency. Subsidiary materials for artificial fuel.

Vor. VIII, 1875.

Part 1 (out of print).—Annual report for 1874, The Altum-Artush considered from geological
poiny of view. Evidences of ‘ ground-ice ’ in tropical India, during Talchir period. Trials
of Raniganj fire-brioks,

" Part 2 (out of print).—Gold-fields of south-east Wynaad, Madras Presidency. Geological notes
on Khareean hills in Upper Punjab. Water-bearing strata of Surat district. Geology of
Scindia's territories.

Part 3 (out of print).—Shahpur coal-field, with notice of coal explorations in Narbada regions.
Coal recently found near Moflong, Khasia Hills. ‘

Part 4 (out of print).—Geology of Nepal. Raigarh and Hingir coal-fields.

Vor. IX, 1876.

Part 1 (out of prin'«t).—-—ijmu_al report for 1875. Geology of Sind.

Part 2 (out of ‘pnnt).—Rc‘:tlrament‘of Dr. Oldham. Ago of some fossil floras of India. Cra-

ninm of Stegodom Ganesa, with notes on sub.genus and allied forme. Sub-Himalayen

serieg in Jamu (Jammoo) Hills. )

Part 3 (out of print).—Fossil floras in India. Geological age of certain grou ised i
Gondwana series O.f Indjx?., and on evidence they afford of distinct zoolgogit'sls :x?:l' ‘{Eime:ﬁ
terrestrial regions in ancient epochs. Relations of fossiliferous strata at Maleri and Kota
near Sir;nchn.,) C. 1!4‘) Fcl)s;tlil.l mammalian fauns of India and Burma, !

Part 4 (out of prind).—Fossil florns in India. Osteology of Merycopotanus dissimilis, Addend
and Corrigenda to paper on tertiary mammalia. Plesi i i : enca
Panjal and neighbouring districta. y esiosaurus in India. Geology of Pir
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Voo, X, 1877, -

Pari 1 (out of print).—Anausl report for 1876. Geologieal notes on Groas. IndhnM belwisn
Bind and Rajputana. Cretaceous genus Omphalisa near Nameho laks. Tibet, sbous 58
‘miles north of Lhasea, FEstheria in Gondwans formation. Vertebrats from tor-
tiary and secondary rocks. New Emydine from the upper tertiaties of Nmthem Fonjab.

‘ Observations on under-ground temperature, ’

Part 2 (oxt of print).—Rooks of the Lower Godavari. ° Atgarh sandstones ® nesr Cuttack. Fos-
sil floras in India. New or rare mammals from the Siwaliks. Aravali series in North
Eastern Rajputana. Borings for coal in India. Geology of India.

Part 3 (out of pmu) —Tertiary zone and underlying rooks in North-West Punjab. Fomil floras
in Indis. Erratics in Potwar. Coal explorstions in Darjiling district. Limestoises in
~ neighbourbood of Barakar. Forma of blowing machine used by smiths of Uppn Asmm,

~ Analyses of Raniganj coals,
Lart 4 (out of print).—Geology of Mahanadi basin and ite vicinity. Diamonda, gald, sad lead
ores of ibslpur district. ° Eryon Comp. Barrovensis,’' Me(..o » from Bnmm
near Madras. Fosail floras in Iudia. The Blaini group and 'Centrsl Gneim '’ in
Himalayas. Tertiaries of North-West Punjab. Geners Cheeromeryx and Rhlgltbdm

Vo, XI, 1878:

Part 1.—Annual report for 1877. Geology of Ug)per Godaveri basin, between river Wardha
and Godavari, near Sironchs. Geology of Kashmir, Kllhtwn, and Psngi. Stwalik
mammals. Paleontological relations of Gondwana system. ° Erratics in Punjab.’ -

Part 2 {out of prind), —Gﬁologii of Sind (second notioe). Origin of Kumaun lakes. Trip over
Milam Pass, Kuamaun. Mud volcanoes of Ramri and Cheduba. Mineral resourves of
Ramri, Cheduba and adjacent islends.

Part 3 (out of print).—Gold industry in Wynsad. Upper Gondwene series in Triehinopoly
and Nellore-Kistna districts. Senermontite from Barawak

Part 4,—Geographical distribution of fossil orgeniems in India. Submexge:d fomst on Bombay

Island.

VoL. XII, 1879,

Part 1.—Annual report for 1878. Geology of Kashmir (third notice). Siwalik memmalia.
Siwalik beds. Tour through Hangrang and Spiti. Mud eruption in Ramri lsland {Arm-
kan). Braunite, with Rhodonite, from Nagpur, Central Provinoes. Pslwontoioglcd
notes from Satpma. ooal-bagin. Coal im portations into India.

Parl 2 (owl of print).—Mohpani coal-field. Pyrolusite with Psilomelans at Gosalpur, Ja.bdpur‘
district. Geological reconnaissance from Indus at Kushalgarh to Kwram at Thal on Af.
ghaa frontier. Geology of Upper Punjab.

Part 3 (out of print)—QGeological features of northern Madure, Padukots State, aud southem
parts of Tanjore and Trichinopoly distriets included within limite of nhuﬁ £0 of Indian
Atlas. Cretaceous fossils from Trichinopoly district, collected in 1877.78. &
llum end other Equisetaces with reference to Indian form Trizygia Specioss, Royle
(Sphenophyllum Trizygia, Ung.). Mysorin and Atacamite from Nellore district. Corun-
dum from Khasi Hills. Joga neighbourhood and old minss on Nerbudda.

Part 4. —* Attock Slates * and their probable geolugical position. Margina) bone of undescribed
tortoise, from Upper Siwaliks, nera Nila, in Potwar, Punjab. Geology of North Arcot du-
triot. Road section from Murree to Abbuttabad.

é Vor. XI1II, 1880,

Part 1.—Annual report for 1879, | Geology of Upper Godavari basin in neighbourhood of Sirop-
oha. Geology of Ladak and neighbouring districta. Teeth of fossil fishes {rom Ramri
Island and Punjab. Fossil genera XN§ gcmtb.m, Stbg., Noggerathiopsis, Fgtm., and
Rhiptozamites, Schmalh,, in palaczoic a.ns dary rocks of Lurope, Asia, and Ausira-
lia. Fossj] plants from I\.attywur. Shekh Bs,d.m, a.nd Birgujah. Valcanic foci of eruptian

m Konkan.
Part 2.--Geological notes, Palmontological notes on lower trise of Himalayas. Artesian wels

at Pondiolierry, and possibility of finding sourcea of water-supply at Madras

fart 3, Kumaun lakes. Celt of palsolithic type in Punjab. Palmontologicsl notee from Kar-
harbari and South Rewa coal-fields. Correlation of Gondwana flora with other floras
Artesian wells at Pondicherry. 8alt in Rajputana. Gas and maud eruptions on Arakan
coagt on 12th March 15879 and in June 1843,



Part 4 (out of prini).—Plelstocene depoaits of Northern Punjab, and evidence they afford of
extreme alimate' during portion of that period. Useful minerals of Arvali region. Cor-
relation of Gondwana flora with that of Australian coal-bearing system. Reh or alkali
soils and ssline well waters, Reh soils of Upper India. Naini Tal landslip, 18th Septem-
ber 1880, : :

Vor. X1V, 188l.

Parl 1.—Annual report for 1880. Geology of part of Dgrdistan, Baltistan, and neighbouring
digtricts. Siwalik carpivors. Siwalik group of Sub-Himalayan region. South Rewah
Gondwanas basin. Ferruginous beds associated with basaltio rocks of north-eastern Ul.
ster, in relation to Indian laterite. Rajmahal plants. Travelled blocks of the Punjab.
Appendix to * Palwontological notes on lower trias of Himalayas.” Mammalian fossils
from Perim Jsland.

Part £ (out of print).—Nahan-Siwalik unconformity in North-Western Himalaya. Gondwans
vertobrates. Ossiferous beds of Hundes in Tibet. Mining records and mining record office
of Great Britain; and Coal and Metalliferous Mines Act of 1872 (England). Cobeltite
and danstite from Khetri mines, Rajputana; with remarks on Jaipurite (Syepoorite).
Zino-ore {Smith-sorite and Blende) with barytes in Karnul district, Madras. {Iud erup-

. tion in island of Cheduba. o

Part 3 (out of print).—Artesian borings in India. Oligoclase granite at Wangtu on Sutlej, North-
West Himalayas. Fish-plate from Siwaliks, Palmontological notes from Hazaribagh
and Lohardagga districts. Fossil carnivora from Siwalik hills. o

Part £ (out of priut).—Artesion borings in India. Oligoclase granite at Wangtu on Sutlej, re-
gion, central end eastern. Native antimony obtained at Pulo Obin, near Singapore. Tur.

ite from Juggiapett, Kistnah District, and zinc carbonate from Karnul, Madras. Section

rom Dalhousie to Pangi, via Sach Pass, South Rewah Gondwana basin. Submerged
forest on Bombay Island.

VoL, XV, 1882,

Part 1 (oud of print).—-Apnnual report for 1881. Geology of North-West Kasbmir and Khagan
Gondwana labyrinthodonts (Siwalik and Jamna mammals). Geologgeof Dalhousie, North-
West Himalaya. Palm leaves from (tertiary) Murree and Kasauli beds in India. Irides.
mine from Noa-Dihing river, Upper Assem, and Platinum from Chutia Nagpur. On (1)
copper mine near Yongri hill, Darjiling district ; (2) arsenical pyrites in same neighbour-
hood ; (3) kaolin at Derjiling. Analyses of cosl and fire-clay from Makum coal-field,
Upper Assam. Experiments on coal of Pind Dadun Khan. Salt-range, with reference
to production of gas, made April 28th, 1881. International Congress of Bologna.

Part 2 (out of print).—Geology of Travancore State. Warkilli beds and reported associated
deposita at Quilon, in Travancore. Siwalik and Narbada fossils. - Coal-bearing rocks of
Upper Rer and Mand rivers in Western Chutia Nagpur. Pench river coal-field in Chhind-
wara distfict, Central Provinces. Boring for coal at Engsein, British Burma. Sappers
in North-Western Himalaya. Eruption of mud volcanoes in Cheduba,

Part 3 (out of print).—Coal of Mach (Much) in Bolan Pass, and of Sharigh on Harnai route be.
tween Sibi and Quetta. Crystals of stilbite from Western Ghats, Bombay, Traps of
Darang and Mandi in North-Western Himalayas. Connezion between Hazara and Kash-
mir seria. Umaria coal-field {South Rewah Gondwana basin). Daranggiri coal-field,
Gard Hills, Assam. Coal in Myanoung division, Henzade district.

Part 4 (out of print).—Cosl-fields of Mysore. Borings for coal at Beddadanol, Goddvari dis-
triot, in 1874. Supposed occurrence of coal on Kistna.

Vor. XVI, 1883.

Part 1.—Annual report for 1882, Richthofenia. Kays (Anomia Lawrenciana, Koninck).
Geology of South Travancore. Geology of Chamba. Basalte of Bombay.
Part 2 (out of print).—Synopsis of fossil vertebrata of India. Bijori Labyrinthodont skull of
- Hippotherium antilopinum. Iron ores, and subsidiary materials for manufacture of iron,
in north-eastern part of Jabalpur district., ILaterite and otber manganese-ore occurring
at Gosulpore, Jabalpur district. Umaria coal-field.
Part 3 (out of print).—Microscopic structure of some Dalhousie rocks. Lavas of Aden. Pro.
bable ocourrence of Siwalik strata in China and Japan. Mastodon angustiden in India,

Traverse between Almora and Mussooree. Cretaceous ccal measures at Borsora, in Khae
ein Hills near Laour. in Sylhet,
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Part 4 (out of print).—Palmontological notes from Daltom and Hotar coal-fields in Chota
Nagpur. Altered basalts of Dathovsie region in North-Western Himalsyas. Mia
structure of some Sub-Himalsyan rocks of tertiary sage. Geology of Jamnsar and Lower
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Buleiman. Smooth-water anchoreges of Travaencore cosst. Aurcferous ecands of the
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from Indian formations. Afghan field notes. ' :

Part 2.—Yossiliferous series in Lower Himalaya, Gathwal. Age of Mardbali series jn Lower
Himalaya. Siwalik camel (Camelus Antiquus, nobis ex Falc. and Caut. M8.). Geol
of Chamba. Probability of obtaining water by means of artesien wells in plains of Upper
India. Artesian sources in plaing of Upper India. Geology of Aka Hills. Alleged ten.
dency of Arakan mud volcanoes to bursat into eruption most frequently during rains. Ana.
lyses of phosphatic nodules and rock from Mussooree.

Part 3 (out of print).—Geology of Andaman Islanda, Third species of Merycopotamus. Pes-

- colation as affected by current. Pirthala and Chandpur meteorites. Oil-wells and ccal

4n Thayetmnyo District, British Burma. Antimony deposits in Maulmain district. .
mir earthquake of 30th May 1885. Bengal earthquake of 14th July 1885. .

Part 4 (out of print).—Geological work in Chhattisgarh division of Central Provinces, Bengal
earthquake of 14th July 1885. Kashmir earthquake of 30th May 1885, Excavaticns
in Billa Surgam caves. Nepaulite. Sahbetmahet meteorite.

Vor. XIX, 1886.

Part 1 (out of print).—Apnual report for 1885. International Geological Cungrees uf Berlin.

. Paleoroic Fossils in Olive group of Salt-range. Correlation of Indian and Australian coal-

bearing beds. Afghan and Persian Field-notes. Sfection frcm Simia to Wangtu, and
petrological character of Ambhibolites and Quartz Dijorites of Eutlej valley. -

Part 2 (out of print).—Geology of parts of Bellary and Anantayur districts. Geology«f opper
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copper ore in Balaghat district, C. P.

Part 4 (out of print).—Petroleum in Indin. Petroleum exploraiicn at Khétan. Boring in
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(Second notice). Pressure Metamorphism, with reference to foliation of Himalayan
Gneissoss Granite, DPapers on Himalayan Geology and Microscopic Petrology.
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Part 2 (out of print).—Award of Woolasten Gold Medal, Geology Society of London, 1888,
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Vor. XXTI, 1389.
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Fart 2 (out of prinf).—Indian Steatite. Distorted peblles in Siwalik conglomerate, “Carboni-
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Part 4 (out of print).—Land-tortoises of Siwaliks. Pelvis of a ruminant from Siwaliks. Assays
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I.—INTRODUCTION.

During the spring and early summer of 1925 the authors made

a rapid reconnaissance survey of the country lying between the
Kalka-Simla motor road and Chakrata hill-

_ Scope of the present giation, in the course of which several new
nvestigation. geological facts came under their notice, which
led them to an interpretation of the structural and homotaxial
relations of the rocks of that region, different in many respects
from that which has hitherto been accepted. During the corres-
ponding period of 1926 work in the area was resumed by the junior
author, the senior author being unfortunately unable to participate
owing to absence on leave. While the second season’s work entirely
confirmed the previous conclusions as to the geological structure,
yet it introduced modifications, of which the most important was
the recognition of the Chail series, the existence of which had not
previously been suspected. This was due to the detailed geological

1 The second author alone is responsible for the sections dealing with the petrolegy
and metemorphism of tho area,
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mapping in which the junior author was engaged; in fact he is
almost entirely responsible for the actual boundaries of the various
geological formations in the eastern portion of the map forming
Plate I. In 1927 both authors were separately engaged in mapp-
ing the outlying parts of the Simla district, the senior author taking
the country west of the Kalka-Simla motor road and north-east of
Simla, and the junior author the country between the Kalka-Simla
motor road and the Giri river.
In spite of the fact that we are unable to present a detailed geolo-
gical map of the whole area under consideration, yet there are reasons
why the publication of the results so far
ll‘)fi“o_ﬂ! for early ohtained should not be delayed until such a
publication. survey can be accomplished. In the first place
that and the petrological work will take a considerable time to
finish. In the second place Simla itself, as the summer capital of
the Indian Empire, attracts such numbers of visitors, that it seems a
pity that geologists who may have opportunities of working in its
immediate neighbourhood should lack the information which might
render that work more valuable. Moreover, the geological classi-
fication of the Simla rocks, if fairly well established, as the authors
hope to do in the following pages, will undoubtedly provide the key
to, or at any rate have an important bearing on that of the whole
Sub-Himalayan tract from the Indus to the Brahmaputra, many
portions of which will, it is hoped, engage the attention of the
Geological Survey during the next decade.
The whole area has been mapped, though in some cases only
approximately, on the very excellent Survey of India maps on a
scale of 2” to the mile. It is covered by
mle;ﬂ used in the gheets 311, 312. 313, 334 and 335. From
) these the geolog'cal map forming Plate I on a
scale of }” to 1 mile has been reduced. This contains the names of
all the localities mentioned hereafter ; these have been arranged
alphabetically with their latitude and longitude at the end of the
paper.
In reviewing the previous geological work done in this part of
the Himalayas, it will be necessary to refer to all the rock groups
by name, and it seems most convenient to
mcC]k:“iﬁ“ﬁm of the get these forth at the commencement, using
) the new classification and correlation which we
have adopted, the reasons for which will appear in due course.
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II. -CLASSIFICATION OF THE SIMLA ROCKS.

DAG5HAY SRBIES—
Purple sandstones and olays (brackish water deposits) Lowxe MiocExe,
? Unconformity.

UrrEBMOBT SUBATHU BEDS—
Purple sandstones and grits Urrrr OLiguoENER.
Unconformity.

SUBATHU BERIES—
Shaleg, limestones, carbonaceous beds Miprix EcgEnz.
Baasal pisolitic laterite.
Unconformity.

KgoL BERIES—
(1) Maagsive blue limestone. ?
(2) Red shale.
(3) Limestone and shale.
Unconformity.

KRoL SBANDSTONE—
Sandstone, readily decomposing into dusty sand h

INFEA-KROL BEDS—
Shaly slates, with beds and lenticles of hard brown

quartzitio grit
\LowER GONDWA¥aA.
BLAINI LIMESTONE—

Pale pink magnesian limestone (= Mandhalis of Jaunsar)

BLAINT CONGLOMERATE—~
Boulder beds ; elates with pebbles (glacial)
Unconformity.

SHALI LIMESTONE AND SLATES—(Position unocertain).

SiMrA SERIER {Infra-Blaini)—
(1) Dark unaltered alates, and micaceous sandstones Doora BSLATES (LOWER
PavLzxozoio).
(2) Limestone with pseudo-organic structure (Kakarhatti
and Naldera Limestones). (?=Deoban Limestone)
Unconformity.

JAUNSAR BERIES—
(1) Pale, sub-schistose slates PURANA.
(2) Muoch crushed micaceous slates and phyllites.
(3) Purple phyllites and conglomerate.
(4) Purple, green and grey quartzites, pebbly in their.
upper portion.
(5) Blates with slaty cleavage and vein quartz,
Unconformsty.
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CRAIL SEAIBS—
(1) Light grey and brown schistose slates and quartz-
schists PoRrana.

(2) Slightly talcose flaggy quartzites and quartz-schists,
(3) Talo-schist bed (30 to 40 feet thick).
(4) Slightly puckered grey phyllites.
(5) Grey slates with interbedded banded crushed lime-
stones.
Unconformity.
Intrusion of Chor granite acoompanied by intense fold-
ing and high grade moetamorphism.
Olivine dolerites are intruded both into the granite as
well as into the Jutogh series.

Juroar SERIES (Order of superposition uncertain)—

(1) Quartzites and schists Aronaan (1),
(2) Crushed and banded dolomitio limestone, generally

oarbonaceous and often containing actinolite.
(3) Carbonaceous slates and phyllites (often garnetiferous).

(Jakko slates).
(4) Quartzites and mica-schists. (Boileaugunge beds). (Hornhlende schists

and gneisses are frequently intruded).

III.—_MEDLICOTT'S AND OLDHAM'S VIEWS ON THE
GEOLOGICAL STRUCTURE.

A bibliography of the published papers on the geology of this
region will be found at the end of the paper (p. 139). No serious
attempt to work out its geology was made
: until H. B. Medlicott studied it and published

Medlicott. his results in 1864 in a memoir “On the
(eological structure and relations of the southern portion of the
Himalayan range between the rivers Ganges and Ravee.” This
memoir, the first to deal with the geology of the great mountain
chain in a truly scientific fashion, displays the author’s powers of
observation, originality and critical judgment in a degree that
lvaves us astounded in admiration of his genius. This is evident
when one realizes, not only that it laid the foundations of our know-
ledge of Himalayan structure, which remain as firmly established
to day as when Medlicott enunciated his theories; but also that
his correlation and nomenclature of the rocks of the Simla area have

Previous work in the
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undergone no material alteration at the hands of subsequent writers.
McMahon, R. D. Oldham and Middlemiss have extended Medlicott’s
observations in the area betwecen 8imla and Nepal, and have correlated
more widely than he attempted to do, but Medlicott’s classi-
fication of the various rock systems formed the basis of their work,
and is still our accepted standard. A perusal of Hayden’s *‘ Geology
of the Himalaya” (1907-08) convinces us that, however remarkable
the fact, this is no more than the truth.
We have accepted the geological succession given by Medlicott
for the formations extending from the Krol limestone down to the
Medlicott's  olsssifi- Simtla (Infra-Blaini) slates. It must be under-
oation of the rocks at Btood, however, that this acceptance applies
Solon. only to the type area near Solon, since we do
not universally agree with Medlicott where he correlates certain
rocks at Bimla and elsewhere with the Krol and Infra-Krol. The
evidence for the geological succession was found in the valley of the
Blaini river, north-west of Solon, where Medlicott shows clearly
(pp. 25-30) that the sequence is as follows in descending order.

Upper Krol, dense blue limestone.

Middle red shale.

Lower Krol, thin-bedded, clear blue limestone, replaced oocasion-
ally by indurated well-bedded marls.

Krol sandstone, a coarse quartzose sandstone, often decomposing
into a dusty sand.

Infra-Krol, shaly slates, often carbonaceous, with beds and
lenticles of a hard brown quartztic grit.

Blaini, siliceous limestone, from 15 to 20 feet thick ; a boulder
bed consisting of pebbles generally of quartzite scattered
either plentifully or sparsely through a fine gritty slate.

Simla or Infra-Blaini, well-bedded grey slates without sand-
stone lenticles or carbonaceous matter.

Considering only the pre-Tertiary rocks of the area, it is at once
apparent that Medlicott and all subsequent geologists have found
in the Blaini beds the most important clue

foy:;‘rl;l ::ior Blaini towards unravelling the structure of an area
in which the entire absence of fossils and the

close similarity which rooks of different ages bear to one another
present difficulties of no ordinary magnitude. The present writers
form no exception to this rule. It is not too much to say that, were
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it mnot for the peculiar and unmistakable character of the Blaini
conglomerate and its often associated limestone we should have
little hope of correlating these rocks successfully. R. D. Oldham

R. D. Oldham: has mapped a band of Simla slates between
Relation of the Simla Solon and Barog, forming the core of an anti-
series to the Blaini  ()ing] fold having Infra-Krol beds on one limb
and Blaini beds on the other. The further evidence that the Simla
slates are stratigraphically lower than the Blaini beds is to be found
at Simla, where these slates are exposed in all the valleys on the
east and north of the station (se¢e R. D. Oldham’s map, Rec. Geol.
Surv. Ind., XX, p. 143, (1887)) and all along the road from Sanjauli
bazaar to Mashobra. They are everywhere clearly overlain by Blaini
limestone and conglomerate.

We have briefly stated the evidence for Medlicott’s conclusion
that the Simla slates form the lowest member of a succession passing
up through the Blaini and Infra-Krol into the Krol. and, as before
remarked, we take this as the basis for our further research. At
the same time, in view of the intense disturbance which we are con-
vinced that the type area north of the Solon ridge has undergone,
we feel that it would be more satisfactory to have the relations of
these rocks confirmed by a detailed survey of that area, of which
our time did not permit.

It is a noteworthy fact that none of the rocks so far mentioned
is truly metamorphic. Not only are there no secondary minerals

Contrast between the developed, but further, the Simla, Blaini and
rocks of Simla and Infra-Krol series, though containing rocks often
Solon in regard to rpegsembling slates, have no slaty cleavage and
metamorphism. .

we have found no evidence of any planes of
crushing which do not coincide with the planes of bedding; neither
is there any crystalline structure or evidence of flow in the limestones ;
while the Krol sandstone is obviously not a metamorphic quartzite.
It is as well to insist upon this point, because the rocks to which
we shall next refer, show all these features in a more or less marked
degree. Medlicott has described these rocks as exposed at Simla
sufficiently precisely to show that he was fully cognisant of the litho-
logical difference. R. D. Oldham, in his paper on Simla (1887,
p. 143) and Hayden in an unpublished geological map of Simla and
Jutogh on a scale of 16 inches to 1 mile have described and mapped
them in sufficient detail to make the relations of their various
outcrops periectly clear. The tocks in question rest on the Blaini
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sories. The dips are nowhere very high, and there is no superficial
reason to suspect overfolding or reversed faulting, the only fsults

R. D. Oldham's Which Oldham has mapped being minor ones
classification of the of the normal or step type. Following Oldham,
Simla rooks. we may trace the following apparent sequence
ascending from the Blaini.

Blaini boulder bed.

Bleach slates.

Blaini boulder bed.

Blaini limestone.

Black carbonaceous limestone and shale, much crushed and
folded on a minute scale.

Carbonaceous, slaty, garnetiferous schists (Jakko beds).

Garnetiferous quartz and mica schists, in places passing into a
quartzite (Boileaugunge quartzites).

Limestone, sometimes carbonaceous, much crushed and folded
on a minute scale, with secondary minerals (Prospect hill
beds).

Hornblende schist (Prospect Ifill beds).

Jutogh beds, consisting of three bands of limestone, separated
by ecarbonaceous schists and quartzites (Oldham correlates
these with the single band of limestone on Prospeet Hill,

but offers no explanation of the absence of the hornblende
schist at Jutogh).

Approaching Simla from the S.W., Medlicott states (p. 37) that
the Simla slates near Kiarighat are overlain first by a blue limestone
Medlicott's views on which he. considered to . be Blaini and then
the rooks S.W. of Simla. DY & series of slaty schists and sub-schistose
flags. In his text he leads us to suppose that

he correlates these with the Jakko slates; he remarks that they pass
up into the Boileaugunge quartzites of Tara Devi, these being over-
lain by the Jutogh beds already mentioned. He has, however,
mapped them as Simla (Infra-Blaini) slates; altogether he does
not seem at all easy as to their exact correlation or their relations to
other portions of the Solon-Simla section. In any case Medlicott
came to the conclusion (1) that the Simla section is comparatively
Medllsott's views on undisturbed, the wholfa forming in effect a
the Simle section. shallow synclinal, uninterrupted except by
stepfaults, (2) that the superposition of these
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metamorphic rocks on the Blaini series represents their real succession,
and he is therefore forced to correlate them with the Infra-Krol and
Krol series of Solon (p. 34). The black crystalline limestone and
the Jakko schists are thus the equivalent of the Infra-Krol carbona-
ceous slates ; the Boileaugunge quartzites represent, though in an
immensely greater thickness, the Krol sandstone ; while the Jutogh
and Prospect Hill limestone with its interbedded schists and quart-
zite becomes a variant facies of the Krol limestone.

The same correlation of these rocks was adopted by R. D.
Oldham (1887, p. 143). To explain their metamorphisin e
R D Oldhem'e invokes thf: agency of an igneo%ls intrusion.
adoption of Medlicott’s As there is no trace of such igneous rock
View. , at Simla, he suggests after Medlicott that it
Hypothesis of en
igneous intrusion to formerly overlay the metamorphosed beds, but
efl?lﬂ-in the metamor- has now been entirely denuded; or alter-
phism. natively that the intrusion is still buried
beneath the surface. In either case the intrusive mass must have
exercised a selective action, since the Blaini and Simla serics are
unaltered.

Even before they left the Kalka-Simla motor
The authors’ un- g3 the authors were little disposed to accept
msi?gﬂf:;s ﬁgpotﬁﬁﬁﬂ'f this explanation of the facts for the following
reasons i—

(1) Since Oldham’s account of the geology of Simla was written
it has on the one hand become generally accepted that
an intrusive mass alone is incapable of producing such
wide-spread metamorphic effects as we see here; on the
other hand, while regional as opposed to thermal meta-
morphiem is recognized as a usual phenomenon produced
by intense pressures applied at a considerable depth
over a big area, there is a disinclination, to say the least,
to regard such metamorphism as selective, except in a
very minor degree.

(2) The supposition that the original constitution of the Simla
rocks, even before metamorphism, represented merely a

Different  constitu- local facies of the typical Krol and
gﬁﬁn(’f rﬁﬁﬁs&ﬂiﬁt:&d Infra-Krol  serics, as  seen at
agoinst their correla. Solon, presents difficulties. It
tion. must be recalled that the outcrop
of the Krol limestone extends from the River Ravi at
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least to the River Jamna, that is to say, over a distance
of some 200 miles, within which its character remains
essentinlly the same. Hince the econstancy of the Krol
limestons over great distances is so marked, it seems
hardly credible that within the few miles that separate
Simla from the Krol hill, the massive blue limestone
should have been replaced merely by a few thin bands of
highly ecarbonaceous limestone and that the rest of the
formation should have become argillaceous or sandy.
The greatly increased thickness of the Krol sandstone,
on the assumption that it is the same as the Boileaugunge
quartzite, is also noteworthy, and has been the subject
of comment both by Medlicott and Oldham.
(3) It is inconceivable to us that the structure of the Simla beds
should be so simple as Medlicott and Oldham have
Simplicity of the assumed. Medlicott was the first
Simla . section a8 to point out that the Tertiary rocks
ﬁxﬁz‘:ﬁgﬂ; Modlicott ot the Himalayas are extraordinarily
ideas of Himalayan disturbed and are traversed repeat-
structure. edly by longitudinal reversed faults,
which often extend for hundreds of miles. Similar high
dips and sharp folds and faults also exist in the outcrops
of the typical Simla (Infra-Blaini) and Krol series, as
Medlicott and Oldham have recorded. At Simla, how-
ever, we have, according to their assumption, a gentle
eyncline broken only by minor step faults.

On the face of things, therefore, the authors were prepared to
find that so far from the Simla metamorphic rocks being newer than
Altornative explana. (he Simla slates and the Blaini beds, they are
tion suggested- by the really much older, and have been thrust over
suthora. the latter along a nearly horizontal plane; and
further that they are not a regular stratigraphical sequence but
represent a group of less than half the thickness predicated by pre-
vious authors and repeated several times by
a series of recumbent folds.

The fault or faults postulated show four outcrops in the neighbour-
hood of Simla : the first crossing the N.E. foot of Jakko and running
approximately through Annaundale, and north of Jutogh; the second
just north of Kathlighat railway station; the third south of Kathli-
ghat railway station, and exactly 14} miles from Simla on the motor

Overthrusting.
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road ; the fourth on the ridge above Kiarighat and crossing the
motor road 16§ miles from Simla. Although these four fault traces
are disconnected in the immediate neighbourhood of Simla, yet it
will be shown that the first two of them are linked up to form a
continuous closed outerop, representing one and the same fault;
while the third and fourth traces belong to distinct faults. The
carbonaceous limestones and schists thus become the oldest beds
of the area, being brought up against the Blaini beds on the
north; and on the south against another series of rocks inter-
mediate in age between the Jutogh carbonaceous series and the Simla
slates ; this series is represented by the phyllites, quartz-schists and
quartzites exposed between mile-stone 144 and Kathlighat. These
are in their turn thrust over a still newer series but older than
the Simla slates, the last of the three older series being finally
thrust over the Blaini, or where the Blaini is missing over the
Simla slates.

On this hypothesis it is quite natural that these older rocks should
have undergone a regional metamorphism prior to the deposition of
the Simla slates, and that the latter should not, therefore, have been
affected by it. Equally do the other difficulties inherent in Medli-
cott’s and Oldham’s correlation vanish with this new interpretation
of the structure, One sentence in Medlicott’s memoir is worth
quoting, as it seems to show that he envisaged some such explanation
of the structure as we have now proposed. It occurs on page 36
of his memoir : *“ To account for a state of things so apparently anoma-
lous and incompatible with the generally recetved notion of metamorphic
action, one is at first tempted to look for grand inversion of the strata.”
We, however, fail to understand his reasons for rejecting it.

Plausible as our hypothesis seems, merely from a consideration
of the section on the Kalka-Simla motor road, it receives yet further

Confirmation of bhe support, wh.en the sectiox.ls between this and
new  hypothesis by the Tons river are studied. At the present
sections in the Chor gtage it would be premature to do more than
area. present an outline of the geology of the area
as a whole, since the authors have studied closely ouly limited por-
tions of it, and they feel sure that a thorough and complete geological
survey would be likely to alter their ideas as to details of structure
and correlation. Nevertheless, seeing that their observations entire-
ly support the views mentioned above, it will be advantageous to
publish them at once.



MEDLICOTT'S AND OLDEAM’S VIEWS. 11

South-east of Solon rises the hill known as the Khanog. This
presents approximately a synclinal structure, the highest beds
. exposed being the Krol limestone, which
soﬁ.:tmm tzf :ﬁ: presents all the typical features of this forma-
south-east; The Giri tjon, passing down through sandstone into the
fault. Infra-Krol shales both on the N.E. and B.W.
Near Solon these have been mapped by R. D. Oldham on a sheet
which has never been published.

Medlicott draws attention to an anticlinal fold at Kandaghat in
Infra-Krol rocks (pp. 36, 37, section on p. 24), with an ascending
sequence on the S.W. limb into the typical Krol series of the Krol
hill, while on the N.E. limb the ascending sequence is interrupted
by a thrust fault running through Kandaghat and down the Ashni
river by which the Simla slates are thrust over the Infra-Krols.
We agree with Medlicott that these rocks agree precisely in lithologi-
cal composition with the Simla slates of Simla and have no doubt
as to the correlation. A continuous succession of these beds is
cxposed between Kandaghat and Kiarighat, They were conti-
nuously traced to the S.E. across the Kawal river. This river cuts
through the ridge of Krol limestone, which continues to the S.E.
all along the right bank of the Giri. The peculiar weathering of the
Krol limestone which forms the upper half of the ridge is unmistak-
able ; structurally the feature is a continuation of the Krol hill,
The dips are high, but presumably the Simla slates form an anti-
clinal fold and the N.E. limb of this anticline is faulted against more
Simla slates with a N.E, dip. These rocks consist of well-bedded
slates, showing no real metamorphism, without any vein quartz and
cntirely unassociated with quartzites. This fault runs from Kanda-
ghat along the right bank of the Ashni river, crosses the Kawal
river about a quarter of a mile above its junction with the Giri,

and continues along the right bank of the Giri. Medlicott has named
it the Giri fault.

Sestion in the Kawal The structure of this area is clearly revealed
river. by examination of the section in the Kawal
river which cuts right across the strike.

Below Riwari typical carbonaceous Infra-Krol slates are seen,
dipping down-stream. On going up-stream these rocks are seen to
overlie the Blaini beds by Khaltu (} mile 8.W. of Kuhat), though
only the boulder beds wecre seen. Beneath these there comes a thick
development of the Simla slates which are seen for a long way, until
they are suddenly cut off by a strike fault. This crosses the river

g
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where the tributary from Bag comes iy, and has the effect of bringing
up the Infra-Krol slates again to the south-west, which now occupy
the bed of the river for some way. About half way between the
sharp bend by Sanjet and where the main road crosses, the Blaini
beds are seen once more, represented here by both the limestone and
the boulder bed. As before they are underlain by the Simla slates.

Returning to Riwari and going down-stream, the Infra-Krol are
seen to dip beneath the Krol sandstone, south of Dabrech, and the
latter soon gives way to the Krol limestone. These beds, however,
evidently occupy the core of a fold, for after about 300 yards they
are overlain by the Krol sandstone, which in turn passes down under
the Infra-Krol slates. Further down these Infra-Krol are succeeded
by the Simla slates, about S.W. of Mareog, the Blaini being entirely
missing.

Throughout this length of the river the dip varies between N.L.
snd EN.E. Due south of Mareog, however, the dip turns over to
the 5.W., remaining thus until about 200 yards before the Giri, when,
after first becoming horizontal, the beds turn over so as to dip to the
N.E. once more.

Across the Giri, all the way up to Dudham, the dip remains N.K.,
and at Dudham this great thickness of Simla slates is overlain by the
Blaini beds, as described below. It should be mentioned that in
these Simla slates, further north-west, a boulder bed was found
forming the narrow tongue of land that projects into the Giri river
just opposite the camping ground at Karganu. It is not certain
whether it represents the Blaini; but if it does then it must owe
its presence here to a sharp fold which brings down the Blaini into
the Simla slates. :

Figure 1 is a diagrammatic section across the strike, along the line
of the Kawal river and across the Giri to Dudham :—
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Fi6. 1.—Diagrammatic section along the Kawal river.

Distance about 6 miles. Verti-
cal scale exaggerated.
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. We clearly have a syncline of Krol and Infra-Krol overturned
to the south-west, followed by an anticline of Simla slates and Blaini,
the northern limb of which is overlain by the Jagas (Jaunsar) beds,
But, as Medlicott long ago pointed out, the great thickness of Simla
slates below Dudham necessitates a fault, with an upthrow to the
north-east, and it was this fault which he named the Giri fault.
It evidently crosses the Kawal about a quarter of a mile above its
junction with the Giri, and i8 no doubt responsible for the non-re-
appearance of the Blaini beds there. A simplified section across
the strike here may be given :—

v,
Q
v (%
el’tbl?s‘ah
l"é‘(-

~ DUDHAM

Giri fault
\

Fia. 2.—Diagrammatic section to show the structure in Fig. 1.

It seems likely that the overfolding and thrust faulting were
directly induced by the main overthrusting, the evidence for which
we shall put forward in the following pages; the two events were
doubtless more or less contemporaneous.

' D
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1V.—EVIDENCE FOR THE OVERTHRUSTING HYPOTHESIS
NOW ADVOCATED.

{5) Argument based on lithological succession across the strike.

At Dudham, on the crest of the ridge, just above and to the east
) of the Giri, the regular succession of Simla slates is
Seotion across the . ..

Dudham ridge. overlain by two outcrops of Blaini conglomerate

separated by some 150 feet of bleached slates,

which represent the bleached slates of Simla, mapped by Oldham.

The upper of the two conglomerate outcrops is associated with some

15 feet of a pale pink limestone. The fragments in the conglomerate
are mainly slate, but there is also some quartzite.

The beds strike obliquely across the ridge, having a general dip
to the N.E. or E. Proceeding up the ridge from Dudham, the Blaini
beds are succeeded by a few feet of red shale and these by grey
slates, the whole amounting to some 200 feet. Above these are a

The Jagas (Jaunsar) series of quartzites some beds in which are
series. schistose. These pass into a crushed conglo-
merate, consisting of quartz and slate boulders
often of large size and flattened, embedded in a purplish slaty matrix
(36/939). The boulders are very numerous and make up by far
the larger portion of the rock. These beds pass into purple
phyllites. The highest beds of the series are seen at the village of
Nigaili just south of peak 6,694 ; these are very pale cream and
lavender talcose schists, occasionally carbonaceous.

Between Dudham and Jagas, as one ascends the spur, the follow-
ing sequence is seen, the beds having generally an easterly or north-
easterly dip :—

Jagas (Jaunsar) series—
Light-yellow and lavender phyllites carbonaceous in places.
Purple phyllites and crushed conglomerates.
Massive white quartzites,
Brown slates.
Massive white quartzites.
Light green-brown slates.
Dark slates.
Quartzites.
Light and dark slates,
Blaini beds—
Red shales.
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Blaini limestone,
Upper boulder bed.
Bleach slates.

Lower boulder bed.

Simla slates.

The brown elates and the light green-brown slates are both true
slates, and show their original bedding markedly oblique to the
present cleavage.

To these beds we originally gave the name of the Jagas
series, but we have considerable evidence for correlating it with
a part at any rate of Oldham’s Jaunsar series which we restrict
to the quartzites and slates, excluding from it the limestones and
volcanic (?) beds which Oldham has included with them. If this
correlation is correct, then the name Jagas may be abolished.
In any case they are undoubtedly the same as the outcrop which
overlies the Simla slates between the Ashni river and the ridge over

The Jages (Jaunsar) Kiarihat, with which they have been traced
conglomerate. into continuity. The most characteristic re-
semblance is to be found in a conglomerate
described by McMahon (1877, p. 205) in the gorge of the Ashni river,
just below the junction of the Tandalail stream, about 4 miles E.8.E.
from Kiarighat ; it contains ““ white quartz eggs”’ and passes into a
quartz sandstone. McMahon correlates it with the Blaini conglo-
merate, but the absence of the generally associated limestone is it-
self significant. Furthermore the matrix of the boulders is not slaty
but is on the contrary a fine grit or quartzite. This bed is undoubted-
ly the equivalent of the crushed boulder conglomerate of the Dudham
ridge, and it also seems identical with a rock which occurs in what is
certainly the Jaunsar series just west of the Tons, all along the Chand-
pur-Shalai ridge, as well as in Bawar-Jaunsar itself. The Jaunsar
series, however, varies rapidly in character from place to place,
and we find it often difficult to say how far beds met with in different
sections represent the same horizon.
About 3 miles east of Dudham in the Gatogara nala, which is a
small tributary of the Pervi, the beds just described are overlain by a
Continuation of the tYPical outcrop of Blaini conglomerate and
Dudham section to the limestone. Resting on the Blaini are a series
porth-east. of silvery grey phyllites, slightly talcose flaggy
quartzites and quartz-schists.
D2
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Further up the Pervi and round the village of Rajgarh these
latter rocks are overlain by black carbonaceous slates, amongst which
Identity of the rook: one most characteristic feature is a black
8t Rajgarh with shose of  glgo0v-looking rock, pitted by small cavities,
f,“o‘ﬁ’:,;o‘fh"é‘yiwf v, evi%iiyl;tly ongce occupied by minerals (36/948).
Jutogh series. These are seldom preserved, but have been
found ¢n situ in a few places, amongst which Prospect Hill at Simla
may be mentioned. These carbonaceous slates are well exposed
round Rajgarh and above it on the way up to the crest of the Sain
Dhar. Interbedded with them arc quartzites and a carbonaceous
limestone which is never more than 6 feet thick (36/950), but which
recurs at several levels in such a way as to suggest that there are
many recumbent folds in the section. Evidence of sharp folding is
actually visible in some places. That these are the same as the
Jutogh and Prospect Hill beds does not admit of doubt. Oldham
has placed similar beds, which he saw at various localities between
here and the Tons, in his ‘‘ Carbonaceous System ”’ with which he has
included the Jakko and Annandale carbonaceous slates and schists,
and has therefore correlated them with the Infra-Krol and Krol.

In this section we have as at Simla a series of metamorphic beds
resting on an ascending sequence of Simla slates to Blaini, but in

this case also we cannot see that it is possible

Impossibility of 1O explain' them on the hypothesis that the

%:rizliamlx_g(’k:heofsu{:;s n.letamorphm beds are the altered representa-

Dudhem  seotion with [ives of the Infra-Krol and Krol series. In

the Infra-Krol and the first place there is no limestone whatever

Krol. in the thick series of quartzites, slates and

phyllites which crop out between Dudham and

the Gatogara nala, although as we have seen, just across the Giri to

the south-west, limestone is the most important feature of the Krol
formation.

They are equally distinet from the Jakko carbonaceous slates,
the Boileaugunge quartzites and the Jutogh beds in the neighbour-
hood of Simla, which Medlicott correlated with the Infra-Krol and
Krol, not only in their less degree of metamorphism but also litho-
logically. Moreover it is significant that only a few miles away, at
Rajgarh, a series of beds exist which exhibit most of the features
typical of the beds at Simla just mentioned, but they do not rest
on the Blaini as at Simla but are separated from them by two sets of
beds which are equally unlike either of the others.
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Before giving the explanation which we ourselves consider the
only one capable of adequately satisfying the observed facts, it will
be as well to refer to certain other features of the section which have
not as yet been mentioned.

It has been stated that between the outcrop of Blaini in the
Qatogara mala and the carbonaceous slates of Rajgarh, which we
may call the Jutogh series, a series of talcose
quartzites, quartz-schists and phyllitee occur
to which we give the name Chail series. Though we regard them as
older than the Blaini and Jagas series, their distinctness as regards
degree of metamorphism from many of the beds of the Jagas (Jaunear)
geries is not on the face of it very obvious. It is true that there are
marked differences between the quartzites of the two groups. In

Differences between 1€ J8gas series the quartzites invariably show
the Jaunsar and the the original clastic structure of the rock, and
Chail quartzites. the constituent grains have suffered no re-
crystallisation. In fact they are not really quartzites at all, for they
never show a siliceous cement. They are either sandstones or grits.
In the Chail series, on the other hand, the quartzites have been re-
orystallised, and the quartz grains are seen as a mozaic of quartz
with no interstitial spaces. More commonly these Chail rocks have
a slightly schistose structure, due to the development of new sericite
or muscovite between the quartz grains.

At the same time the existence of a peculiar band in this series,
which one of us has traced for long distances and has found to possess

) .. a marked individuality and constancy, has

b,ﬂm Chail talo-schist proved as in the case o); the Blaini, for );imilar
reasons, of the utmost assistance in identifying

the series and unravelling the structure. This is a rock which may
be termed a talc-quartz-schist, but which for convenience will be
referred to as a talc-schist (37/619). Never more than 30 or 40 feet
thick, it yet persists over a large area with little or no change. It has
a very characteristic appearance, and can often be seen from a long
way off ; for on account of its bright silvery colour, both the outcrop
and the debris below it flash out in the sunshine. It is a comparative-
ly soft rock, due to its content of talo; and rather friable, owing to
the presence of thin lenticles of quartz. In addition to the tale, the
rock is invariably full of little black specks, embedded in the talc.
Under the microscope they are seen to be magnetite. This band has
been traced from south of Chail, in Patiala, to the southern side of

The Chail series.
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the Chor mountain ; but it has been found to extend, though in a
less typical form, beyond the Ashmi river, and across the Kalka-
Simla cart road. Its value, however, was not at first recognised,
and for that reason it was not mapped further north-west.

The outcrop of Blaini in the Gatogara nala mentioned above
(page 15), although it separates the Jagas (Jaunsar) from the Chail

i is not of at lateral extent, and is
Qatogara “ window ” series, 18 10 gre ’

in the Chails showing overlapped to the south-west by the Chail
the Blaini overlying the geries, which everywhere else about here rests
directly on the Jagas series. The Blaini beds
occur in the form of a very gentle anticline, the beds dipping
beneath the Chail rocks both up and down stream. The diagram-
matic section in figure 3, along the stream, explains the structure seen
here.

Jagas (Jaunsar) series.

E

_——~Chail Series=—=~

—

Fig. 3.—Diagrammatic section along the Gatogara stream. Distance about 1 mile.

We consider that this section can only be explained on the suppo-
sition that there are three series of entirely different ages, all older
The suthors’ jnter. °R8DR the Simla slates, exposed between
retation ~ of  the Dudham and Rajgarh: (1) the carbonaceous
udham section. . . .
' slates, limestone and quartzites of Rajgarh—the
Jutogh series, which is the oldest; (2) the talcose quartzites, schists
and phyllites of the Chail series; (3) the quartzites, conglomerate,
slates and phyllites of the Dudham ridge—the Jagas (Jaunsar)
geries, which is the youngest of the three. The Blaini series was
deposited unconformably on the Jagas series after previous denuda-
The three main over. tion of the Simla slates. Finally three over-
thrusts. thrust faults pass through the area, one near
Dudham separating the Jagas (Jaunsar) series
from the Blaini and Simla series, the second in the Gatogara nala
separating the Chail series from the Blaini and Jagas series, and the
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third near Rajgarh separating the Jutogh carbonaceous series from
the Chail . series.

It will be convenient to refer to these three overthrusts, which are
of enormous lateral extension, in the subsequent portion of this paper
a8 the Jaunsar, the Chail, and the Jutogh faults respectively.

(¢t) Argument based on unconformity.

The evidence for the overthrusting which we assume to have
occurred does not, however, rest alone on the single section which
has just been described. One of wus has traced the Blaini
outcrop from Dudham to the north-west. It crosses the Gin
one mile above Karganu and tongues up that river occupying an
even wider outcrop than might have been expected owing to a slight
change from a north-easterly to a south-westerly dip. 1t is remark-
able that Medlicott missed this exposure, as he evidently did through
his statement (1864, p. 41) that the only rocks seen all the way along
the Giri from Kot to Karganu are the Simla slates. On the Giri the
Blaini is developed as typically and in a8 great thickness as at Dud-
ham. Between this point and Kiar situated on the south-westerly

Cutting out of the HOWiDg portion of the Ashni river, it is cut out,
Blaini beds to the north- member by member, against the overlying
west. Jagas (Jaunsar) series, which differs only in
detail from the beds exposed on the Dudham ridge.

This is best shown by a number of parallel sections showing the
thickness of the various beds that go to make up the Blaini.

- Kalana. E. of Kargal. Kargal, W. of Kargal,

Blaini limestone. . . .. 16 3 missing
Upper boulder bed 45 fow feet few feet misging
Bleach slates . 50 150 130 ?
Lower boulder bed 20 fow feet 20 ?
Karog Chhod Kharanjs Kiar
15 misaing missing Blaini
(continued) ;' o f . entirely
w feet missing missing
] 200 fairly thiok
? few feet miasing

The Blaini outerop has also been traced in a south-easterly direc-
tion from Dudham. At the latter place their thickness is about 150
feet. Thence they continue to crop out in a regular way just below
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Hion and just above Shalamun and then for a long way a little above
the road to Rajgarh. The two sections showing the thickness of
the individual beds at Shalamun and a little west of Badgala prove
that the bleach slates are thickening in this direction and that both
the upper and lower boulder beds are more developed than they were
on the west side of the Giri.

Shalamun W. of Badgala

Blainj limestone . . . . . . 15 15
Upper boulder bed . . . . . o 66 46
Bleach slates . . . . . . . (about) 150 245
Lower boulder bed . . . . . . 60 55

260 360

— —

High up above Shalamun, towards Nigaili, a small outcrop of a
boulder bed was seen. It is difficult to understand its position here
if it represents the Blaini, but it was not closely investigated.

At Badgala and on either side of the Sheola gorge they are of equal
thickness. Here they are repeated by thrust faulting. Between
the Jagas and the Blaini series in the latter locality a highly carbona-
‘ceous shale associated with a limestone occurs, which the junior
author thinks may be a representative of the Infra-Krol and Krol
(see p. 26).

The gradual dying out of the Blaini against the Jagas (Jaunsar)
series a8 we proceed north-westward from the Sheola gorge to Kiar

The Jeunsar thrast OO the Ashni is clear proof of an unconformity.
demonstrated by the JLhis i8 alone needed to render it certain that
‘i‘;n“nfmmty of the the Jaunsar thrust, of which the probability

was inferred on other grounds ha.s a Teal
existence. :

A section through the Jagas (Jaunsar) geries whlch i8 exposed on
the Ashni river affords also very important evidence. This will
now be described.

@ The Ashni is an important tributary of the Giri river, the two

joining at Karganu. About one mile east of Kandaghat, on the

Section in the Ashni Kalka-Simla railway, the Ashni river makes a

river. right-angle bend, and it is above this bend

that the Jagas beds are well exposed, for the

river here runs directly across the strike, and has cut down deeply
into the Simla slates and Jagas’ (Jaunsar) beds.
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Where the Ashni takes a southerly bend, by Kiar, there is a very
typioal development of the Simla slates, which have s steady north-
easterly dip of about 40°. They are succeeded
J.g:: rﬁ“,;nnsfm&z upstream, apparently conformably, by the
contrast with the Bimla Jgaoas (Jaunsar) series, which continue to crop
sorics. out for about a mile. The basal beds of this
geries are here reddish-purple phyllites, a type of rock which per-
gists for a considerable distance to the south-east (36/918 and 36/942).
A characteristic feature of this rock is the presence in it of slicken-
sided surfaces. These may occur along the dip plane, or at an angle
with it, and are easily recognised by their green colour, due to the
production of a thin film of some mineral where the rock has evident-
ly been sheared. The rocks themselves are true phyllites, for they
have undergone sufficient low grade dynamic metamorphism to
have new mica (sericite) produced in them.

These Jagas (Jaunsar) rocks then, in their degree of metamor-
phism, are in marked contrast to the Simla beds below, which are
not even in the condition of frue slates.

Further up the Ashni, these purple phyllites are succeeded by a
thick mass of purple and white quartzites, generally purple, which
in their upper part contain occasional beds of phyllite. The dip is
uniformly to the north-east at about 30°-40°

About 150 yards before the big tributary from Chail, these beds
become conglomeratic, though at first the pebbles are quite small.

At the same time the quartzites in to show
m&:,,'hmr conglo-  arked false-bedding, and furt,herbetif];1 one gets

a rock which consists of bands of conglomerate
in a purple falsebedded quartzite, a typical shallow-water deposit.
The pebbles in the conglomerate are in the main of milk-white
quartz, --and hence are very oconspicuous. These are the * white
quarts eggs - referred to by McMshon (see p. 16 above). On the
average they are about 1” in diameter, though they sometimes reach
up-to 3" or 4. In addition there are pebbles of purple quartzite,
and ‘also fragments of slate, which in places are so abundant this
they - give the rock a semi-schistose character- (36/923). The rocks
now have a higher dip, though still to the north-east.

On reaching the stream from Chail, a complete fold in these rocks
is very clearly seen in the west bank, with the result that further up

S the river one gets a repetition of the roeks
an ool faa P - seen below, -conglomerate- beds being succeeded
SR by purple quartzites and some phyllites. Only
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part of the sequence, however, is repeated, for a little before the
second tributary from the south-east these Jagas beds are abruptly
out off, and their place is taken by the Chail series of rocks.

Further evidence for a fold is afforded by the section seen along
the bridle path to Chail where it leaves the main road and descends
to the right bank of the Ashni. Along here some distinctive soft
light coloured slates are seen to be repeated. Along the same
path, just before the river is reached, are some carbonaceous slates.
We believe these to belong to the Jagas (Jaunear) rocks, and to abut
directly against the Chails, though the structure just here is not
quite clear.

A diagrammatic section of the beds is represented in fig. 4.

Jaunsar Series {'{,,
A . e

F1g. 4.—Diagrammatic section along the Ashni river. Distance about 1 mile.

It is clear that we are dealing with something in the nature of a
thrust fault. If the fold bad been a normal one we should have had
first a repetition of the whole of the Jagas beds, followed by the
Simla slates once more.

An unconformity can equally be demonstrated between the Chail
ahd the Jagas series. The relic of Blaini in the Gatogara nala,

The Chail thrust 1Dtervening between the Chail and the Jagas
demonstrated by the geries, is one evidence of this. Further proof
Bleini window and by sl e
the dying out of the ©f it 18, however, seen at Rana Ghat on the
Jaunsar series. left bank of the Giri. The broad outcrop of
the Blaini in the bed of the Giri above Karganu has been mentioned
on page 19. It does not in fact give place to the underlying Simla
elates until just below Sargaon. This outcrop of the Blaini with the
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underlying Simla slates has been traced into direct oontmmty with
the corresponding outcrop at Bimla (page 84).

The southern boundary of the Blaini has also been traced a long
way to the north-east. From below Lakhoti to the east of the Gim
the Blaini outcrop rises rapidly, and eventually reaches Rana Ghat,
Up to this point the Blaini has been persistently overlain by the
Jagas series. But from now on the Chail series rests directly on the
Blains, and the Jagas beds are entirely missing. The Blaini is now aver-
lain by the same beds for a long way ; the outcrop runs roughly as
follows, past Dhaila, Pal, Dhamla, Kufar, Chala, Pabhech, and so
on across Pain Kufar Dhar, as is shown on the map. This is as far
as it has been followed. .The rocks have a very gentle dip to the east,
though at times they are practically horizontal.

It is thus quite clear from what has been said above, that the
base of the Chail series also marks the position of an important
unconformity ; for while in one place these rocks overlie the Jagas
beds, elsewhere they are seen resting directly on the Blaini. Through-
out, however, the basal beds of the Chail series remain the same,
being the slightly puckered grey phyllites.

It is true that these phyllites do not represent the actual base of
the Chail series; for we shall show (pp. 91—93) that from the Ashni

Actual base of the lver westward a Jower horizon comes in,
Chail serics not exposed consisting of slates with lenticular bands of
in this area. limestone. In the area to the north-east of
Simla, where another outcrop of the Chails occurs quite disconnected
with the one with which we are now dealing, this limestone horizon
assumes a prominence which it does not possess elsewhere (pp. ).
Its. absence here may perhaps be accounted for by original overlap,
but in any case, it does not affect the argument for unconformlty
which is based on the beds which we actually see.

It finally remains to show that the third
de',{,'?:ft]:“ed b;mt;: overthrust postulated, that which we have
dying out of the Chail cglled the Jutogh thrust, also coincides with a
seriee. marked unconformity,

In Patiala the uppermost rocks, namely the Jutogh series, are
only seen at the highest points of the district, by the station of Chail

Chai. itself, and again about 3 miles further north,

The Chail outcrop is the most typical, inelud-

ing the carboneceous limestone (36/932) and the °pitted’ roek.
The former i8 well exposed just below and to the west of the tennis
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courts, and again along the cart road leading to the Rosident’s house,
along the north-east side of hill 7,394. At Bhalawag the limestone
is not seen, but the ‘ pitted ’ rock occurs. These rocks are not again
seen until the flanks of the Chor mountain are reached, appearing
above the Chail beds at Chayal; and from there south-eastwards
they are extensively developed as the highest beds surrounding the
Chor granite. Displaying, as has already been indicated, a marked-
ly higher grade of metamorphism, and characterised by being richly
carbonaceous, these rocks are easy to distinguish from any that occur
below, and the boundary can be put down in the field with precision.

In the Chayal district above mentioned, and for a long way to
the north-east towards Dhanech, these carbonaceous rocks appear
always to rest upon the same beds, those which
have been taken as the top of the Chail series;
though it can never be certain that these beds are always of the same
thickness. Traced to the south, however, the course of the boundary
is of some interest. At Chayal the whole of the lower series appears
to be present, and the same holds good for a mile or two further
south. Beyond this, however, the boundary gradually transgresses
across the outcrop of the lower beds, until almost the whole of the
Chail series is cut out. This is best brought out by studying the
relations between the boundary and the talc-schist band; for the
latter is a very constant horizon and one which is easily identified.
In the vicinity of Chayal there may be as much as 800 feet of strata
between the talc-schists and the base of the Jutogh series. On the
ridge between Jagas and hill 6,742, there is probably not more than
500 feet. A mile-and-a-half south of this, a little south-east of
Tikar, the thickmess is about 300 feet. All along it is the upper beds
of the Chail series that are disappearing.

Further south the network of nalas has rather obscurod the
rocks by. depositing gravel, but there is evidence to show that the two
horizons are gradually approaching. The
maximum transgression is seen where the spur
running out north-west from Jubal crosses the main road. Here
the tale-schists and the boundary of the Jutogh series are actually only a
few yards apart, and are only separated by a few feet of the talcose
quartzites. While this is the nearest that the two approach, for
some little way now, past Kohlan, there is not much change. Along
here, then, with the exception of the salc-schists and the grey phyl-
lites below, the whole of the Chail series is missing,

Chayal.

Jubal ¢pur.
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Beyond Kohlan the two horizons which we have been fal.lowing
gradually diverge again. On the spur on which Ghusan is situated,
there is a thickmess of about 600 feet of rock
intervening, the same rocks that were pre-
viously seen in the Chayal area. The ground between here and
Kohlan, is unfortunately obscured by gravel; but the spur men-
tioned above rises above the gravels, and thus afiords useful evidence.
The greatest thickness of the Chail rocks is
seen further on by Bhalag, where there must
be at least 1,500 feet of rock where there were only 600 feet at Ghusan
and a few feet near Kohlan, evidence which speaks for itself. Beyond
this the thickness again diminishes, and on the
Shamra-Kufar ridge there is probably not more
than 600 feet above the talc-schists.

Ghusan spur.

Bhalag.

Shamra-Kufar ridge.

V.—THE THREE OVERTHRUSTS TRACED EASTWARD THROUGH
THE CHOR AREA.

We shall now follow these three overthrusts eastward, until we
join the district of Bawar Jaunsar (Chakrata), of which Oldham (1883)
has given a geological sketch. The evidence on which we rely for
the correlation of the formations which occur in the Simla area
with those in Oldham’s area will thus appear.

From south of Jubal the Jutogh thrust can be approximately
traced along the base of the precipitous clifis which form the summit
of the range which runs above the Giri and
parallel to it. 1t crosses the spur on which
Bhalag is situated about 500 feet below the summit of peak 6,297.
Here the carbonaceous limestone is well displayed at the base of the
band. The same bed of limestone is seen again Just above Kuftu,
and can be traced almost continuously to the col known as Piriya
Ghat, and beyond along the south side of the 6,792—5,630 spur to the
stream due west of 5,083. The whole way the limestone band occurs
at the base of the Jutogh series, and below it comes the Jutogh
thrust. The limestone along here is less crystalline than where seen
on Jutogh or on Sain Dhar, and no amphibole is developed in it.

The Chail and Jaunsar thrusts are less easily traced, since to the
south-east of Thor they evidently run rather close to the Giri river,
and hence are much obscured by the gravels
and sub-recent beds of the Giri valley. Both
thrusts have been followed as far as Thor, but on the Ghusan spur only
the Chail thrust was seen.

Before leaving this area we may refer to some interesting struc-
tures which are developed in the Blaini beds in the Sheola Khala.

Jubal to Piriya Ghat.

South-eest of Thor.
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South-east from Dudham the Blaini beds are developed nor-
mally to within a mile north-west of Badgala. But further on,
The Bisiai traced $o betwc-aen l?adgala and Tho.r, some slates and a
the south-east, massive limestone come in for a short way
between the Blaini limestone and the Jaunsar
series. The slates are in places carbonaceous. Though both of
these new rocks are comparatively thin, and in places much contorted,
Possible  represent it is just possible that they are the Infra-Krol
ative of the Krol and and Krol, coming in in their normal position
Tnfra-Krol. above the Blaini, while everywhere else along
this section they have been cut out. The limestone is best seen N.E.
of Badgala, where it forms some precipitous cliffs.
The structure to be described is best seen in the Sheola Khala
where it flows south-east of Kanhech. Here, after turning sharply
Development of the U0 the west, it cuts its way through a narrow
Blaini in the Sheola gorge, and runs across the strike. By the
fiver. . village of Sandra, south-east of Kanhech, is a
fine exposure.of the Blaini limestone. The prevailing dip here is
nearly due east, so that the slope below Sandra, eastwards to the stream
is a dip slope and is made entirely of the Blaini limestone. An en-
larged sketch-map is given in fig. 5, as it is impossible to show the
smaller features of the outcrop on the half-inch map.

E‘ Blaini ~.-.7] Blaini — Streams

| Limestone L -] Boulder beds

-~ == Faults Scale 3= mile (approx.)

Fia, 5.—Plan showing geological structure near Kanheoh.
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This outcrop of the Blaini limestone is underlain by a godd deve-
lopment of the boulder bed. In the tributary nala that flows down
from the 8. W. side of Gatoli there is seen a small fault, running
N.N.W.-88.E.,, with an upthrow on the north-east side. It is
not an important fault, and the hade is probably about vertical, but
it may be regarded as symptomatic of what is seen further west.
The limestone on the upthrow side is well seen forming the long,
narrow peninsular of land between the two streams. The boulder bed
is seen immediately beneath it, while on the west side of the tribu-
tary is the other band of limestone on the down-throw side.

~ Continuing down the main nala after it has turned sharply to the
west, by taking a narrow path in the cliff along the south side several
Minor overthrusting hundred feet above the stream, we first cross
in the Blaini. the main band of the limestone and then
come upoen a thick development of the boulder
bzd. The limestone can be seen running up the opposite cliffs
towards Kanhech. After proceeding about a quarter of a mile
from the bend a second band of limestone is encountered, coming up
almost vertically from below. Its counterpart is seen on the opposite
cliffs, running up towards Kanhech, apparently meeting the other
band below that village. One suspects at first a fold of Blaini lime-
stone, with a core of boulder bed ; but on continuing along the path
this is seen to be impossible, for the boulder beds are again seen
beneath the second band of limestone. In addition, after the two
beds have apparently joined below Kanhech, they can be seen con-
tinuing for a long way as one band, which would be most unlikely
on the supposition of a fold.

Examination of the beds high up above the path along which we
have come, by the gap in the Dangara epur, reveals that here also
the two limestone bands come very close together. But it is quite
clear that it is the lower band which continues, while the first band
stops abruptly just before the gap. This is best shewn by a sketch
of the cliffs as seen from the opposite side given in fig. 6 ; these are
600 or 700 feet high. The same phenomenon can be seen on the other

Jaunsar beds

F1a. 6.—View (in section) of the oliffs on the southern side of the Sheola stream. About
{ mile from E,-W,
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bank of the nala, below Kanhech, only there it is not so clear which
band continues.

It is evident, then, that we are dealing with a fault ; and, more-
over, a thrust-fault, which has evidently been induced by the main
overthrust which comes just above.

Below Kanhech the two limestone bands, where they meet,
practically lie on top of each other. It has already been mentioned
that in this area the Blaini beds are overlain by some carbonaceous
slates and a light grey limestone, which were tentatively correlated
with the Infra-Krol and Krol. And it is in keeping with the struc-
tures developed here, that these rocks, immediately beneath the
Jaunsar overthrust, are intemsely folded and cleaved.

While the evidence for the minor overthrusting of the Blaini
beds is most convincingly seen in this section in the Sheola Khala,

Similar overthrusting the same structures are developed further north-
at Badgala. west near Badgala. Unfortunately the geo-
logy just here has not been completely eluci-
dated ; only part of a day was available for examining the ground
here, and the cliffs on either side of the upper part of the Kiar Khala
are almost perpendicular. It is clear, however, that the Blaini has
been repeated here also by similar thrust-faults, only there are two
or three of them. The effect is best seen along the Larab spur on
which a temple is situated, but further down. The Jaunsar overthrust
comes a little above the temple, while further down the spur the
Blaini beds are repeated three or four times. Generally the boulder
bed is seen also. The exposures, however, are not good, and had it
not been for the fine section in the Sheola Khala, described above,
the significance of this repetition might have been missed.

A diagrammatic section across this area will best show the struc-

tures developed, and is given in fig. 7.

Jounsar bedsy 82 a:
wan overthrust
it
Pressurc

S.W.

Fia. 7.—Diasgrammatic section along the Larab spur. Distance about 4 miles.

This area provides, in fact, a typical example of °imbricate’
structure, so well developed in the North-West Highlands of Scotland,
beneath the great overthrusts; and it affords a good example of the
effects of the overthrusting upon the rocks immediately below.

Position of the three =~ We Will now return to the section seen hy
overthrusts  between iT
Piriys Ghat and the Piriya Ghat.
Qiri ri ver.
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Below the Jutogh series, which ends just morth of the col, come
some very thin-bedded grey slates, talcose quartzites and talc-schists,
These are obviously the Chail series. They give place southwards
to a great thickness of quartzites. Between these two sets of beds
the Chail fault must run, although it has not actually been traced
into continuity with that fault in the Jubal area. Amongst the
quartzites on the descent to Kufar from peak 6440 are traces of a
conglomerate of quartz pebbles in a slaty matrix, which is probably
the equivalent of the purple conglomerate of the Dudham ridge.

At Kufar itself there are some intensely crushed conglomerate
beds which are now in the form of talc-schists or phyllites of a silvery
purple colour and with the quartz pebbles somewhat lenticular in
shape (36/985). Below these comes a great thickness of schistose
slates or phyllites generally of a dirty brown colour and often with a
marked lustre which shows up in the sun. In addition there are a
few bands of grit and lower down some quartzites. The Blaini
beds are eventually reached at about 700 feet above the Giri river.
Here is evidently the position of the Jaunsar fault.

Unfortunately, owing to lack of time, the area immediately to
the north-west could not be examined, so that there is actually a
gap of country, around Mangan and Ladib, which has not been seen.
Nevertheless, it will be apparent from the description of the beds
given above, that there is a very close resemblance between these beds
by Kufar, and the Jagas (Jaunsar) rocks further north-west. Moreover,
they are on the direct strike of those rocks where they were last seen,
and they are overlain by the Chail series and underlain by the
Blaini beds. If this correlation be correct, then we may say that
the Jagas ceries are certainly the equivalents of Oldham’s Jaunsar
series ; for from now on they have been traced more or less conti-
nuously to the Bhangal valley, which Oldham vigited and briefly
mentioned in his paper of 1888, and where typical Jaunsar beds are
seen (see p. 37).

So far the Blaini is the highest horizon represented on the out-
crops of the Jaunsar and Chail faults if we except the possible occur-

Ressons for the rence of Infra-Krol and Krol near the Sheola
general absence of Khala (page 26), while the Chail beds are the
tighet - horizons than ighest horizon met with against the Jutogh
tions so far described. fault. It is impossible for us to state whether

the absence of the newer beds is due to the
intensity of the thrust which has raised these beds far above
E
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the level of denudation, or whether the folds are as a whole not
very deeply buried. Possibly both factors have played a part
in the result. The sections now to be described afford strong
evidence that farther eastward newer horizons occur on both the
fault lines.

We have already described (pp. 11-13) a section which occurs on
approximately the same strike much further to the northwest, in
the Giri below Dudham and up the Kawal river, a north-easterly
flowing tributary of the Giri, and we have reason to believe that
along the Palor river from its confluence with the Giri up to the village
of Tikari much the same structures have been developed.

In the Palor river the Jaunsar beds are seen typically developed
W.N.W. of Tikari. Where the river turns sharply to the south-
east, a thick bed of purplish conglomerate
dipping north-east forms the south-west bank,
while further up the river, below Ghutrog,
are massive quartzites. Below this point for a little way the river
itself offered insuperable obstacles to our progress, but we have seen
the ground just east of it. Here we find that the Jaunsar beds are
underlain to the south-west by a thick succession of dark grey
to black thin-bedded slates, and there can be little doubt that these
are the Simla slates. They are very well seen along the Palor just
before it joins the Giri, where they have a fairly constant north-
easterly dip. In the Giri the beds appear to be vertical.

Nowhere along here was any Blaini seen ; but Medlicott, on page
43 of his memoir, mentions an outcrop of Blaini at the conflucnce
of the Palor and Giririvers, and refers to it as occurring at the base of
a normal Krol—Infra-Krol succession above the Giri to the south-west.
Owing to the depth of water we were unable to cross the Giri here ;
but a rock looking very like the Blaini linestone was seen on the south-
west bank above the river, and was no doubt the Blaini referred to
by Medlicott.

From the flat ground on either side of the river where the camping
ground of Palar is located, a series of dark grey slates is well exposed
for a considerable distance up the river dipping N.E. like the Jaunsars
just mentioned.

Our interpretation of this section is embodied in figure 4 of Plate I,

but the evidence on which it is based will be more conveniently
considered later (p. 34).

Section on the Palor
river,
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From this point going eastward a certain change takes place
which has been noticed by Medlicott, but which he has in our opinion
. , failed to interpret successfully. On page 44
chm: of the ot.h: of his memoir he says ‘‘ From the confluence of
orops east of the Palor the Palar and the Giri the hills on the left of
fver the Girt are composed of the Krol and Infra-
Krol rocks instead of exclusively the great Infra-Blaini (Symla) series.
The Blaini conglomerate is found high on the summits over Raslu and
Shengri ; more to the east in the same line it ts met with tn the gorge
north of Gailu and in the gap between Geruanms and Jusn. From
Shengri to the Olong peak the section is very similar to that between Kiars
and Tara Devi; schistose slates, graphitic, micaceous or quartzose,
alternate, with a variable low northerly dip.”” There is no doubt what-
. . ever that the uppermost 1,000 feet of the peaks

ofTsl;:g Ili'rﬂcf_l limestone 6756 and 6960 pionsist of the Krol limestone
in its most typical form. Even the red shale

bed occurs between the upper and lower limestone. Numerous step
faults break up the continuity of the outcrops in a manner precisely
similar to what is the case in the outcrops near Solon, which R. D.
Oldham has mapped in considerable detail. Our work has shewn
that the Krol limestone passes down into Infra-Krol beds and that
below them comes the Blaini. On the northern side of peak 6756
the Krol limestone is overlain by pale-coloured elates, in one place
carbonaceous, and micaceous, schistose beds, which appear to re-
present the Infra-Krol though they are by no means typical. These
beds are succeeded still further north by two thin outcrops of the
The Blaini outerop Blaini conglomerate and limestone, between
around Soat Hill. which beds somewhat similar in character to
those in contact with the Krol occur. The

repetition of the Blaini must be due to a minor reversed fault.
Traced below the road, the upper band of Blaini is at first somewhat
discontinuous, but later becomes easier to follow, eventually crossing
the top of hill 5738. It is here seen to have an E. 8. E. dip, while
the Infra-Krol rocks close by dip to the N.N.W. The reason be-
comes apparent when one traces the Blaini beds down the south-
west side of the hill, when they are seen to turn right over and assume

E2
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‘once more their northerly dip. We are evidently dealing with a local
fold, the actual structure being shown in figure 8.

In. Krol

~—~

Fig. 8.—Diagrammatic scction through hill 5738,

The Blaini now runs down below Sangrah, nearly to Tikari,
where, however, there is a sharp overfold and the outcrop turns
right back for a little way. This kind of thing now happens for
some way,—sharp overturned folds, though, owing to lack of time
the outcrop could not be followed the whole way. The lowest point
it reaches is where the road from Lagnu to Tikari crosses the stream.
From here it can be followed to where it cuts the spur by Paura,
and then southwards and along the north-west side of Rerli, cutting
the spur a couple of hundred yards west of Rerli, and then running
south-eastwards ; further than this it was not followed.

It will thus be seen that these Blaini beds have bent right round.
Always they have the Infra-Krol slates on top of them (stratigra-
phically) and various members of the Jaunsar series below them.
Whereas by Madoli the whole succession was inverted—the Blaini
above the Infra-Krol, and the latter above the Krol—, at Rerli the
right order is ssen with the Blaini dipping beneath the Infra-Krol
and Krol. Thus in making this big sweep round the beds have turn-
ed right over and the structure is obviously a syncline overturned
towards the south or south-west. This syncline is, however, not
entirely simple, but includes a namber of smaller folds, and is more
properly a synclinorium, as represented in Plate I, figure 4.

Returning to the outcrop on the Madoli-Ludihana road, the
Blaini beds are overlain by light brown phyllites succeeded by grey

5 slates and massive white quartzites. Vein

aunsar beda on the . . . .

Seat-Olong toad. quartz in abundance is present and lithological-
ly the beds are quite similar to those scen on
the Palor and their correlation with the Jaunsar series does not seem
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doubtful. Their outcrop extends as far as peak 6306, and we ses
no reason why they should not represent the north-eastern limb of

Svnolinal struoture of the overturned syncline mentioned above, the
the yggo'ﬁom on the 8equence of the beds being of course inverted.
167101‘ Mi tho Soat- The Jaunsar outcrop on the Palor will then be

ong Tow a similar overturned syncline, the only
difference between the Palor and Soat sections being that the beds
which occupy the core of the syncline in the former case do not resch
a higher horizon than the Jaunsar, while in the latter they include
not only Blaini but also Infra-Krol and Krol, unconformably de-
posited on the Jaunsars. The difference is easily accounted for by
the denudation of a fold pitching strongly to the south-east.

The boundary between the Jaunsar syncline and the Simla slates
on the Palor river is obviously the trace of a thrust plane, probably

The Jammsar thrust that of the Jaunsar thrust. In order that
on the Palor. the parallel between this and the Dudham
section should be complete we should have an
outerop of Blaini between the Jaunsars and the Simla series. We
saw, however, no evidence of this on the Palor. if we except a bloeck
of Blaini conglomerate not ¢n situ, which may after all have fallen
from the Blaini outerops on the high ground to the east of the river.
In any case the cutting out of the Blaini against the thrust would
not be an unusual phenomenon in the circumstances.

If the outcrop of the Simla slates on the Palor is an anticline,
the south-western limb of the fold is complete, since it includes the

Disappoarance of the Blaini outcrop mentioned by Medlicott on the
Giri thrust. Giri and the ascending sequence through the
Infra-Krol to the loftvy Krol peaks on the

right side of the Giri.

It is evident that in this case there is no room for the Giri thrust
(see page 13) which must have been entirely overlapped by the
Jaunsar thrust. The stages leading to this overlap would possibly
be found in the country between the Palor and the Kawal rivers
which we have had no opportunity to examine. Plate 1, figure 4
gshows the structure as we understand it. '

The remaining part of the section between Boat and Olong peaks
is far more difficult to understand. The Jaunsar outcrop is succeeded

The Chail serics on T° the north-east of peak 6306 by a series of
the Soat-Olong road.  cream-coloured talcose quartzites and schists
of an extremely powdery consistency. That
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these belong to the Chail series is suggested by our recognition of the
typical talc-schist of the Chails on the spur just west of Tirmalga,
to the north-west of the Madoli-Olong road. The latter has not,
however, been traced into continuity with the beds which we are
now considering. Above Ludihana the powdery quartz schists are
overlain by a series of dark slates (37/10), obviously the same as the
similar beds which we have seen on the Palor (p. 30) ; these in their
turn are overlain by some 200 feet of limestone with some phyllites ;
in places these are carbonaceous, but not invariably so. They form
the upper portion of Olong peak and we have no doubt as to their
correlation with the Jutogh series. The junction between them and
the dark slates mentioned marks the trace of the Jutogh thrust.
From their position one would infer that the dark slates and the
powdery schists are Chail beds but their character and sequence does
not conform with that of the Chail series as described above (p. 17).
The powdery schists may indeed be at approximately the same hori-
zon as the Chail talc-schist, but in none of the sections seen further
to the north-west do such slates occur at higher stratigraphical levels.
On the other hand in the typical Chail area a series of puckered
phyllites, which are equally unlike the dark slates now in question,
underlie the talc-quartz schists. In a later portion of this paper,
however, (pp. 91-93) a still lower horizon of the Chails will be des-
cribed consisting of dark grey cleavage slates with interbedded
limestone. These begin to come in west of the Ashni (p. 23) and are
found in their greatest development in the country to the north-
east of Bimla. Apart from the absence of limestone these slates of
Olong and the Palor show a distinct resemblance to the lowest
Chail horizon referred to. We suggest then that the dark slates below
Olong belong to an older horizon than the powdery schists and that
the puckered phyllites are missing. A hint of some such change as
this in the character of the Chails is perhaps conveyed by the occur-
rence of limestone which seems to be identical with the Chail lime-
stone associated with slates as we approach the Tons (p. 37), and also
by our failure to recognize the puckered phyllites in that area.
Since the dark slates are not found between the powdery schists
and the Jaunsars on peak 6306, we must suprose that the Chail out-
crop represents an overturned syncline of which the south-western
limb has largely been cut out by the Chail thrust, the trace of which
we raw just to the north-east of peak 6306. The section in Plate I,
figure 4 has been completed in accordance with the view here expressed,
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but we are far from claiming that our interpretation of the structure
has been satisfactorily demonstrated and between Olong and peak
6306 it must be regarded as provisional. ,

The occurrence of typical Krol limestone at the top of & descend-

ing sequence through Infra-Krol and Blaini into a metamorphosed

o series of rocks (Jaunsars) undoubtedly sup
tiﬁe 3:'51?3&@;‘)?323 the authors’ main hypothesis, which it isp(:::
stone with the Krol ohject of this paper to establish. The exis-
uaeaslie. tence of the still more metamorphosed seriee
apparently superposed on the sequence referred to, points very
clearly to the metamorphosed rocks being older than the Krol and
having been brought into their present position by two thrusts, the
Chail and Jutogh thrusts respectively. The sudden replacement of
the typical clear blue Krol limestone by crushed, often carbonaceous
limestone, which Medlicott supposes to have taken place (p. 44),
is here rendered even more improbable than at Simla.

This great outcrop of Krol limestone can be followed conti-
nuously eastward to Guma peak. Here although much of the lime-

, stone i8 of the usual Krol type, it is mixed with

Krol limestone . . . .

traced eastward. a very sandy variety in which the sand grains

stand out distinctly on the weathered surface.

This sandy facies of the Krol is particularly interesting, because

limestone of an identical type occurs both on the top of Juin Hill as

well as farther to the east across the Tons river, 6 miles B.E. of

Chakrata bill-station on the Mussoorie road (p. 49). It is, therefore,

valuable as evidence for our correlation of the latter outcrops with
the Krol. :

The sections further east on the line of the Jaunsar thrust, seen
between Juin and Boat peaks, exactly reproduce that which has
been described in the latter locality. East of Tikar, the spur
on the mnorth side of the Tikar-ka-Khala is formed of the
Krol limestone dipping north. In the tributary nalas, immediately
east of and below Tikar, this Krol limestone is seen to be overlain
by a rather thin development of the Infra-Krol slates, while over-
lying them comes the Blaini. This consists of the limestone below,
rather thin, with a much crushed boulder bed above. These are
succeeded by a thin bed of schistose phyllites, followed by the mam
Jaunsar quartzites. The dip is northerly.

Now one mile further east, on the ridge by the upper hut called
Ugrech the same section is seen, only here the Blaini beds have been
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entirely cut out, and the Jaunsar series are seen resting directly on the
Infra-Krol. A similar section is seen on Pulilani Dhar, a little further
east. Each occurrence serves to confirm more strongly the magnitude
of the unconformity before the deposition of the Krol limestone.

It should be mentioned that Medlicott refers to the Blaini as
being found ‘in the gap between Geruani (Chabdhar) and Juin’.
If by this he means Pulilani Ghat, then it must be said that careful
search on more than one occasion failed to reveal any trace of the
rock. If, however, he means further east, then he may be right ;
for although this ground has not been examined, the Blaini comes in
again in force on Juin and north of it.

It seems fairly certain that the Krol limestone rests unconform-
ably on the Jaunsar series, consisting of quartzites, slates, and
micaceous phyllites, with much vein quartz, and is folded in with it
at least three times in a series of isoclines.

The highest point of Juni Dhar is formed of typical Infra-Krol,
and so is the little hill half a mile east, just above the camping
ground. These beds, with a northerly dip,
overlie the Krol limestone which forms hill
8493, Juin Hill. They are themselves overlain on the north by the
Blaini beds, which are twice seen cutting the road. Here, however,
the Blaini seem to be upside down, the boulder bed being on the side
nearest the Infra-Krol.

From now on our lack of acquaintance with the country pre-
vents us from indicating with any degree of certainty the lines taken

Direction of the three PY the three overthrusts which we have been
overthrusts east of endeavouring to trace. The Jaunsar over-
Chabdhar. thrust is evidently to the south and not far
from the Giri. The Chail overthrust is probably on the northern
side of the Bhangal valley. The occurrence of the talc-schist at
Lana, as indicated by a specimen of Oldhams, gives us a hint as to its
position. The uppermost overthrust, that at the base of the Jutoghs,
runs north and below the top of the ridge between Chabdhar and
Haripur. It is highly probable that the Chail and Jaunsar thrusts
bend round to the north, like the Jutogh thrust since the general dip
of the beds is to the west on both sides of the ridge which runs
approximately north and south from Chandpur, its highest point.

However the structure is by no means simple and there is un-
doubtedly frequent isoclinal folding. In reality a geological map
of this band would be ®xtraordinarily complicated, since our obser-

Section on Juin Hill,
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vations show that not only does the Krol limestone rest uncon-
formably on the Jaunsars, as we have already mentioned, but so also
does the Blaini and possibly patches of Bimla slates as well. Between
Juin Hill (8493) and the Bhangal river we have found no less than
three outcrops of Blaini limestone, accompanied by slates which are
probably also Blaini, though they are not invariably pebbly.
At Chandpur the Blaini 18 clearly unconformable on the Jaunsar
series. Here a step fault with a throw of some 200 feet has displaced
Blaini  unconform. WO identical sections which show an uncon-
able on the Jaunsars formable passage from typical micaceous phyl-
st Chandpur. lites, with abundant vein quartz, of the Jaunsar
series up into slates without pebbles. These slates graduslly
become more pebbly and finally pass into the most typical Blaini
conglomerate, while the topmost beds are clear, pale pink Blaini
limestone. The total thickness of Blaini here is about 500 {eet.
The Chandpur ridge descends steeply, in most cases precipitously,
to the Tons river and everywhere is exposed what has all the appear-
, .. ance of a regularly descending sequence. We
e e be have already mentioned that the highest beds
gg:gﬁ):err ridge to the of this series exposed at Chandpur are mica-
) ceous phyllites with vein quartz which have
every appearance of identity with the purple phyllites of Jagas and
the Dudham ridge and are thus high up in the Jaunsar series though
probably not the highest horizon of all. These rest upon a great
thickness of quartzites of purple, green and grey tints. Here and
there in this series, but always in their upper portion is a conglomerate
composed of rounded pebbles of quartz of about the size of a hen’s
egg. Reference is made to this bed elsewhere (p. 15). These quart-
zites are underlain by a great thickness of grey slates with vein
quartz and showing evidence of planes of bedding which do not
coincide with the planes of cleavage. The section has been best
observed between Shalai and the Tons, where Oldham (1887, p. 158)
has also partially described it. We have also seen its upper part
farther north in a descent of the clifis N.W. of Chandpur.
In the former, at the village of Bansa, the slates rest on about 300
feet of a blue limestone, in places earthy, in others yellow often finely
o banded, and showing si of having been severely
stos:epst?s:]:le l?:: lolf";l}; crushed, with tlr::gﬁ:gm bands often contorte?l
%:‘!‘::M section at (36/731). The contortivn of the bands, induced by
’ crushing probably when in a plastic condition,
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give it an unmistakeable affinity to a limestone which has been found
above the Nauti river north-east of Simla and between Fagu and
Theog. This is described on page 114, and its correlation with a
similar limestone at the base of the Chail series north and south of
Sairi seems almost certain. Although the minute folds give it some
resemblance to the Jutogh limestone, yet its non-carbonaceous
character, the absence of secondary minerals, and its generally less
metamorphosed condition preclude any real relationship. Its resem-
blance to a band of limestone which crops out 3 miles S.E. of Chakrata
on the Mussoorie road (see p. 47) i3 very marked. It is pos-
gible that some of the slates which overlie the crushed limestone are
also Chail and should be correlated with the dark slates below the
summit of Olong hill mentioned on page 34. The limestone is
succeeded by pale-coloured earthy phyllites and then another thinner
band of limestone. R. D. Oldham has chiefly relied on this section
when he decided that limestone occurs at the base of the Jaunsar
series ““3f indeed it do mot belong to a different system altogether >
(Oldham, 1887, p. 158 ; 1888, p. 131). It is interesting to remember
that Oldham formerly (1883, p. 193) held a different opinion as to its
stratigraphical position in the series, when he had only observed the
beds east of the Tons. The apparently contradictory character of
the sequence in the two areas rather invites the idea that the sections
are not always straightforward, but that older beds have been thrust
over newer ones 8o as to give the appearance of a conformable succes-
sion.
The crushed limestone rests on a series of beds which though
greatly disturbed present an altogether newer and less altered
Supposed Chail lime- APpearance than the beds which apparently
stone thrust over newer overlie them. These are purple and dark-grey
beds,—Mandhali series. ity sandstones, which are so unaltered that
they might almost be mistaken for Dagshais (36/720). Interbedded
are shales full of mica flakes; a characteristic purple shale occurs
frequently at different levels, and is a clear evidence of folding.
Beds in tho Tons At a still lower level and forming cliffs along
correlated  with the the Tons river are dark-grey slates which are
Simla seris. very similar to the Simla slates. An outcrop
of limestone occurs on the left bank of the Tons near Kwanu forest
rest house which appears either to be interbedded with or folded
in with the dark grey slates. This is of an entirely different character
to the crushed limestone in the hills on the right of the Tons and
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approximates to the Krol. This limestone will form the subject of
some further remarks on page 50.

A similar section is seen further north down the Naihna-Kharkan
spur. Typical Jaunsar beds are met with along the top of the ridge
Soction down  the t° Naihna, including the same much crushed
Naihna-Kherkan spur.  purple conglomerate that occurs at Kufar.
The dip along here is south-west. On descend-
ing the spur to the east, the finely banded crushed limestone of
Bansa i8 seen between Sakhaoli and Thumari (36/984), resting
apparently upon a bed of clear blue limestone, rather resembling
the Krol. Below Thumari there is a sudden change to the much
newer rocks, mostly brown and bright-red sandy shales, generally
nearly vertical, striking NW.-S8.E., and so in striking contrast to
the gentle dip of all’ the rocks above. Further down, at Kharkan,
the dip of these newer rocks is much lower. At about 4,400 feet,
along the road to Minas, these rocks are seen resting on the Decban
limestone, which is seen for the rest of the way down to the
Tons.

Apparently these purple and grey grits and shales belong to
Oldham’s Mandhali series, as we have found similar beds elsewhere
which Oldham has mapped as Mandhali. He
has indeed coloured this very patch on the
Tons as Mandhali (1883, map).

Very few conclusions can be drawn with certainty from the
scattered observations on the ares west of the Tons going towards the
i Chor. Oldham (1887, p. 158 ; 1888, p. 137) has
atﬁ?ﬁ;ﬁ“ﬁ"&fo %‘;‘:}; described a section on gl)ae eastern flank of the Chor
foilvdgam described by mountain at the head of the Sainj river in which
| the Mandhals or Blaint rests unconformably on a
massive limestone similar wn character to the Deoban, fragments of which
they contain, and underlies, apparently with perfect conformily black
carbonaceous slotes, which again underlic a qgreat thickness of quari-
zites and schists undistinguishable from the Botleauganj quarizites of
Stmla. Medlicott (1864, p. 43) refers to a section also near the head
. of the Suinj below Baluk (evidently Bhalu of
,cmtéoﬁ;tg:éﬁoa?' the 1” map), in which the dark, carbonaceous
schists and limestone rest on the Deoban lime-

stone. Of course both Medlicott and Oldham regard the carbona-
ceous beds as Infra-Krol, but, as we have produced evidence to show,

Mandhali serios.



40 PILGRIM & WEST: STRUCTURE OF SIMLA ROCKS.

this correlation is untenable, and we are dealing with the Jutogh or
oldest series of the area. The Blaini conglomerate and an associated
pink limestone were also identified by McMahon
ﬁv‘?’:“-mm‘c‘;ggfh'g; (1877, p. 210) in the bed of the Shallu river
McoMahon. where the Simla-Chakrata road meets it east
of Chepal. He also mentions that it is overlain
by black Infra-Krol slates, from which it would appear that the
Jutogh thrust runs through this point.
That the junction between the crushed limestone of Bansa and
the purple and grey grits and shales marks the trace of a thrust
The Bamsa fault 12ult is certain. That it is one of the three
possibly identical with main thrusts described above is much more
the Jaunsar thrust. open to doubt. On the supposition that it is
one of these, then it can only be the Jaunsar thrust. Its northerly
or north-westerly direction is in accord with that shown to be follow-
ed by the Jutogh thrust, so that if future mapping of the intervening
area should prove that it links up with the thrust trace on the Palor,
the last position in which the Jaunsar thrust was recognized, the
result could not be regarded as unexpected.
So far the oldest horizon observed in the case of the overthrusting
mass at the Jaunsar fault is the Jaunsar, but if the conjecture made
above prove correct, then a lower horizon in
th? ‘f,i‘;f 'i‘f? etxhgos.]efuf: fact thE lowest stage of the Chails comes in,
sars in the neighbour- for between Bansa and the Chandpur ridge we
hood of the Touns. . .
undoubtedly have a descending section from
the Blaini through the Jaunsars into Chail limestone. Whether any
of the upper stages of the latter series are missing and consequently
there is an unconformity, our observations do not enable us to say
with certainty. The course of this and of the other thrust planes
northward must equally be left for future mapping to determine.

VI.—THE CHAKRATA AREA.

When we cross to the east of the Tons river, we are in the Chak-
rata district, the geology of which has been described by Oldham
under the name of Bawar Jaunsar. Our own examination of this
country was but cursory; it is necessary, however, to touch on it
lightly, not only because it completes the evidence for the correla-
tion of the Jagas series of the Chor and Simla areas with Oldham’s
Jaunsars, but also because certain of the rocks and sections which
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we saw exhibit a parallel to those of the main area with which this
paper deals and throw some light on the correlation of and the rela-
tions between many of the rock groups of the latter region.

First as to Oldham’s Jaunsar series:—The views expressed by
that author in his later papers differ from those suggested to him
by his earlier examination of the Chakrata
rocks, particularly regarding the sequence of
the constituent portions of the Jaunsar series. His final conclusions
gseem to have been published in 1888 (p. 131); here the Jaunsar
series i8 classified into three divisions:—

The Jaunsar series.

(1) The lowest consisting of a great thickness of grey slates
containing towards their upper limit a band of blue
limestone some 300 feet thick; he hints at the possibi-
lity that these may not belong to the Jaunsar series
at all;

(2) A middle divigion of red quartzites and slates ;
(3) An upper division of traps and volcanic ashes.

It is with the second of these three divisions that we correlate
the rocks to which we originally gave the name of the Jagas series,
Correlation of the and which we have recognized coutinuously
':;‘3."9 series with one from the Simls area right into Chakrata. As-
vision only of ) ; . .
Oldham'’s Jaunsar sociated with the quartzites are the highly
series. characteristic ~conglomerates, which Oldham
does not mention specifically in the passage quoted above, but which
undoubtedly occur in his Jaunsar series as exposed between the
Chandpur ridge and the Tons (see above p. 37).

With regard to the remaining two divisions, we have already
stated (p. 37) our belief that the limestone included in the lowest
Lower division of Givision as seen at Bansa is identical with
Oldham’s Jaunsars that which occurs in the Simla area and be-
probably to e Sorre- longs to the lowest horizon of the Chail series
8o far recognized by us. In the Bansa section

there are no underlying slates, the limestone being thrust over much
newer beds. We have not in fact come across slates in this position,
either in the Chakrata or the Tons area, so that we can express no
opinion as to whether they do or do not correspond to the cleavage
grey slates which are associated with the Chail limestones in the
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country to the east and north-east of Simla (see page 114); the
suggestion i3 at any rate a plausible one.

The volcanic lavas and ashes which constitute Oldham’s upper
division have provided us with a problem, of which, with our in-

The voloanic beds of 8dequate knowledge of the eastern part of
Oldham’s Jaunsar this area, we cannot offer an entirely satisfac-
Fories. tory solution. We have nowhere found any
beds of this description in association with the quartzites and phyl-
lites of the Jaunsar series as exposed between Simla and the
Tons river. We have been equally unsuccessful in finding any
volcanic rocks amongst the specimens collected by Oldham from
the Chakrata and Bhangal areas, which have remained stored in the
museum in Calcutta. Those labelled as “ trap rock” or “ash”
appear when examined in thin sections under the microscope either
to contain no volcanic matter, or where their igneous origin is prob-
able they seem identical with the hornblende-schists of the Jutogh
series and are not Jaunsar, as in fact Oldham himself has recognized
by labelling them as ‘‘ Infra-Krol ”.

Thus Nos. 6,869 and 6,870 from Arayan and Ludhia respectively
in the Bhangal valley might be more appropriately described as
quartzitic grit. No. 6,870 above Pab in the Bhangal valley seems
to be identical with a quartz-schist from the Chail series; No. 6,871
from Ludhia in the Bhangal valley answers in its outward appear-
ance to the description given by Oldham (1887, p. 157) of *“a speci-
men preserved in the Imperial Museum in Calcutta, where portions
of two distinct lava flows are seen to include between them a string
of well-rounded water worn pebbles . . . . . . . of vein
quartz . This is obviously a portion of a conglomeratic band out
of the Jaunsars, and no trace of volcanic matter is visible under
the microscope ; since, however, Oldham did not quote the regis-
tration number of the specimen to which the passage refers, it is
permissible to doubt whether the specimen before us is one and the
same as that one.

On the same page on which Oldham’s description just quoted
occurs, mention is made of another conglomerate from Lana, ‘‘ con-

Supposed glacial con- si.sting of roun@ed waterworn ?boulders of quart-
glomerate of the zite embedded in a fine grained red-coloured
Jaunsars. schistose matrix,” This Oldham considers to be
of glacial origin and assigns it to the Jaunsar series. A specimen
now in the Museum, No. 6,877 labelled “ matrix of conglomerate ;
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near Lana’ may represent the schistose portion of the outerop
described in the passage quoted. Assuming that it is really the
rock to which Oldham refers, we cannot of course offer any
comments on the suggestion that it is glacial, but the resemblance
of the schist to the characteristic talc-quartz-schist of the Chails
is 80 close that we can hardly doubt their identity. In that
case the outcrop at Lana represents a portion of the Chail
series thrust over Jaunsars. The same explanation will apply to
No. 6,875 and other specimens, apparently assigned by Oldham
to the upper division of the Jaunsar series, but which agree
better with rocks belonging to the Chail series.

Rocks of a doleritic type are undoubtedly intrusive in both the
Jaunsar and Chail series in the Chakrata area, judging both from
Oldham’s specimens and from our own field
observations. We have elsewhere (p. 127) com-
mented on the resemblance of these to dyke-rocks in the area north-
east and east of Simla.

Intrusive dolerites.

On the whole we cannot regard it as likely that any considerable
portion of the rocks of the Chakrata area outside of Oldham’s middle
Restriction of the division of the Jaunsar series really belongs
name Jaunsar eeries to that series. 1f this proves to be correct
suggested. the designation of ‘‘Jaunsar series” must be
restricted to Oldham’s middle division of quartzites and slates. In
any case, even should we regard the question of the possible exis-
tence of volcanic beds in a higher horizon of the Jaunsars as still
sub judice, it does not vitiate the nomenclature of * Jaunsar” for
the Jagas beds which we have adopted throughout this paper.

We may next summarize the facts at our disposal relating to the
Mandhali series. Oldham has described these (1888, p. 136), “as
conststing of quartzites, slates, limestones, cone
glomerates and boulder beds sn the most variable
proportions ”’. Elsewhere (1883, p. 196) he remarks that “in Soutk-
ern Jaunsar [Chakrata] the majority of the beds are not conglomeratic at
all”’; in northern Chakrata, where conglomerates are most abund-
ant, they rest unconformably on the Deoban limestone and contain
numerous fragments of that series. Oldham finally decided that
the Mandhalis were identical with the Blaini (1887, p. 137). Regard-

Possibly  represent D8, 88 we do, the Blaini and Infra-Krol as one
both the Blaini and the series of which the Blaini proper is at the
Infra-Krol. outside 500 feet thick and generally much less,
it seems to us more reasonable that the upper part of the Mandhalis
should be correlated with the Infra-Krol

The Mandhali series.
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The faot that the Mandhalis on the Tons rest on a series of slates
which are indistinguishable from the Simla slates tends to confirm
Character of the. Oldham’s correlation of at any rate their lower
Mandhalis differs in part with the Blaini. We failed, however, to
the north and south of find much resemblance between the Mandhali
the Chakrata district. .
outerops mapped by Oldham in the southern
half of the Chakrata district, and those of the type area further
north. In the latter, in the Dhara Gad, just below Pateuri, there
is a good outcrop of these beds, showing a bed of cream limestone
(36/731) resting on a boulder bed (36/727), the former greatly resem-
bling the Blaini limestone. But we found no such beds further
south. The general character of the Mandhali and the Blaini,
however, especially the glacial origin of the boulder beds in both of
them, and the similarity of the sections in which both of them occur
raises their correlation into the region of certainty.

Although there are but few pebbles in the Mandhalis on the Tons,
yet we have found one or two fragments of slate and quartzite near
Kwanu. Further, we may say that our observations in the northern
part of the district entirely confirm Oldham’s opinion that™ the
Mandhalis rest unconformably on the Deoban limestone. -

We have been tempted, as Oldham was at first, to correlate the
Deoban limestone with the Krol, with which it has many characters
in common. The fact that the Mandhali (Blai-
ni) boulder bed where it is in contact with the
Deoban seems to contain pebbles of it, must, however, put this
correlation out of the question. Moreover the prevalence of thin
shale bands interbedded with the limestone is a character which the
Krol does not possess. Neither are the pseudo-organic structures,
common in the Deoban, found in the Krol. On the southern side
of the great hill of Deoban limestone which rises above the valley
of the Amtiar river, which runs down from the Chakrata ridge into
the Tons, everything seems to point to the Deoban overlying a series
of quartzites which cannot be anything but Jaunsar. There is
probably a slight {ault, as Oldham has concluded, but the displace-
ment is not likely to be great. We arrive, therefore, at the conclu-
sion that the Deoban limestone is intermediate in age between the
Blaini and the Jaunsars. The only series with which we are acquaint-
ed, that occupies this position is the Simla slates. In the type

The Deoban lime. area of the Simla <lates north of Simla on
stone possibly to be the Naldera ridge a clear blue limestone occurs
%ﬁ?::lefnd ;&t&rh:}t’& in lenticles of about 100 feet in thickness,
limestones of the interbedded with the Simla slates and prob-
Simla series. ably near their base. This limestone is de-

The Deoban limestone.
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scribed in greater detail on page 113 ; it containa pseudo-organic
structures. We have little doubt of the identity of this bed with a
limestone which Medlicott (1864, pp. b4, 55) has recorded a few miles
north of Subathu; thisis known as the Kakarhatti limestone ; the
senior suthor has followed it continuously as far as Erki. It is
beyond a doubt interbedded with the BSimla slates and it 1is
characterised by pseudo-organic structures. It is conceivable that
these two limestones may be correlated with the Deoban. The
pseudo-organic structures in them are, however, different from
those which are found in the Deoban limestone, and lithologically
they are dissimilar. The great difference in the thickness of the
limestone in the two cases is perhaps of less importance.

It is more tempting to correlate the Deoban with the great Shali

limestone (page 120). The age of this is, however, equally uncer-

. _ tain, though there is a possibility that it may

unﬁ’.toﬁ’:.h the Bbali 1o glightly later than the Bimla elates. Litho-

logically, however, there is even less resem-

blance between the Shali and the Deoban limestones than there is
between the latter and the Naldera limestone.

We have unfortunately no evidence that the Deoban limestone
18 in contact with the Simla slate series. The dark-grey slates on
, the Tons which we have correlated with that
No evidence that the . . .

Deoban limestone is in Series do indeed underlie a small outcrop of
:lﬁ’;;et?t with the 8imla ]imestone, which on the northern side is in
) contact with Mandhalis. There is, however, no
certainty that this limestone is Deoban, since there is at least an
equal chance that it may be an outcrop of Krol resting uncon-
formably on the Simla slates. Other outcrops of this limestone
are found on the same strike to the east of the Tons, but the
section is too folded and complicated for a single traverse to clear
up the structure successfully. The lowest beds seen are Jaunsar
Jaunsar  quartzites guartzites which, as we have already men-
west of Chekrata tioned, crop out on the whole of the hillside
station. between the Disau-Haju ridge and the Amtiar;
a narrow band of them occupies an anticlinal fold at Gubah. But
from the fact that this limestone is in contact, sometimes with
the Jaunsar quartzites, sometimes with the Mandhali grits,
sometimes with splintery shales, we are rather more inclined to

think that thess outlying patches are not Deoban but Krol.

F
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Although the Jaunsar quartzites are exposed in the valleys west
of Chakrata, yet they are not found in Chakrata itself. Throughout
the whole length of the ridge on which the
atg;l;:ans of Chakrate  gtation is built from the foot of Deoban Hill
’ down to the toll bar at Kailana there are
slates exposed. These are quite unaltered and present quite a
different appearance to the older series which we know as Jaunsar.
It is possible that these belong to the Simla series. Originally
Oldham (1883, p. 193) included these unaltered slates in his Jaunsar
geries. Whether he retained the same idea after his later work we
are unaware.

Whereas on the west of the Tons the strike of the rocks is almost
N. and 8. that on the east of the Tons is almost E. and W. It seems,

Alteration of the hOwever, to be bending round to N.W.-3.E.;
strike in the Chakrata this being the strike of all the rocks seen in
ares. the southern part of Chakrata and in the hills
south of Kailana on the Mussoorie Toad. What may be the expla-
nation of this curvature in the strike we cannot conjecture.

Our observations in the Chakrata area are too scattered to enable
us to present a detailed idea of the geological structure, but we seem

Section on the U0 have a generally descending section from
Chakrata-Mussoorie the fault on the west bank of the Tons at
road. . .

Bansa, where the crushed limestone is exposed.
This section seems to be extraordinarily complicated by unconforms
ities and overlap. Limestones which we have no hesitation in
regarding as Krol rest on the Mandhalis and also on altered beds
which can only be Jaunsars. It is, however, worth devoting some
space to a description of a section which was seen on the road from
Chakrata to Mussoorie, which seems to throw some light on the
relation of the Chail to the Jaunsar scries.

The rocks throughout Chakrata and Kailana as far as the toll
bar are mainly steeply dipping dark-grey slates, with occasional
purplish, sandy or shaly beds, which are evidently folded repeatedly.
Most of them resemble the Simla slates, with, perhaps, infolded
bands of Mandhali. At the toll bar we pass into older-looking
slaty beds, with vein quartz which we correlate with the Jaunsar
series. Close here is an outcrop of the crushed limestone, of which
the relations to the other beds are obscure. On the summit of peak
7152 quartzites crop out with a N.E. dip, and the outcrop continues
for some distance along the road. They are both of a granular as
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well as a non-granular type. They overlie a series of much dis-
torted grey slates, with very numerous blackened joints, containing
frequent interbedded bands of quartzite and quartz-schist. In their
lower portion they become very schistose and micaceous and
contain abundant vein quartz. They are markedly different
from any of the rocks seen in the station of Chakrata and
we are inclined to assign them to the lower part of the Jaunsar
series. On the col between peaks 6925 and 6658, about half way
between miles 33 and 34, there is an open anticlinal fold; the beds
on the col represent the core of the anticline, and, therefore, are
obviously older than the quartzite slate series which has just been
described, and newer than a series of quartzites which are exposed
in the deep valleys on either side of the col. The rocks on the col
- are easily distinguished from those above and
p Suppored Chail ime- 1 1 CEE Y byngtul:e fact that they consist of
g;;‘{k“r':"t: south of 3 bed of blue, banded limestone, very much
o crushed and semi-crystalline in places and dis-
playing minute foldings. In the latter character this limestone
shows some similarity to the limestone of Annandale and Jutogh,
and to the black limestone which has been frequently mentioned
in these pages. In fact it was at first thought that it belonged
to the Jutogh series and this provisional identification is men-
tioned in the Annual Report of the Geological Survey of India
for 1926 (Rec. Geol. *Surv. Ind., LX, p. 22). It is however
distinguished by being less altered and not carbonaceous. It
seems to be identical with the limestone at Bansa on the west
bank of the Tons, which underlies the Jaunsar slates and
quartzites (page 37) and, as we have remarked above, it seems
probable that in both cases the limestone is to be correlated with
the Chail limestone. About 100 feet of this limestone is exposed
_ on the col; it dips about 20° to the S.W. and
sionderlain by quart- 5 Gverlain by calcareous slaty phyllites which
are occasionally carbonaceous. As we have re-
marked it passes down into quartzites, one bed of quartzite in contact
with it being much blackened.
On the N.E. limb of the anticline we had expected to find the
limestone and phyllites coming between the lower quartzites and
Unconformity  be- the Jaunsar slate series ; no trace of them is,
z‘;:e;azhni:EMG and however, seen, the junction between the lower
quartzites and the Jaunsar slates being per-

r2
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fectly clear. We cannot avoid drawing from their absence the
inference that the Jaunsar slates rest unconformably on an older
peries, which was partially denuded before the deposition of the
later beds. This lends additional support to our identification of
the limestone as the Chail series, since it is evidently entirely distinct
from the Jaunsar. The sequence of beds is then as follows :—

(1) Phyllites.
(2) Limestone,
(3) Quartzites.

We are, however, unable to offer any suggestions as to the corre-
lation of the thick series of quartzites which underlie the crushed
limestone. In neither of the areas in which the basal limestones of
the Chail series occur is there any such series of quartzites. A thin
band of quartzite has indeed been found west of Simla and south of
Halog (page 99), but it is believed that this belongs to the Jaunsar
series and is not related to the Chail limestones. Figure 9 is a dia-
grammatic section across the area just described.

Lower Jaunsar m‘;mc‘;‘i :u;:;‘r‘ ter

\0%1‘ Slates ? Chail Series Siates :
' Banded !
Limestone h
V' Carbonaceous + 1
v phyliites

o ! V0l moraine
q”‘r'u"“ : : matery
s

) '
1
"
pal

NE.

¥1a. 9.—~Diagrammatio scction along the Chakrata-Massooric road, 7 miles S.E.
of Chakrata. Distance about 1 mile,

Proceeding south along the Mussoorie road we encounter a shal-
low syncline in which the lowest beds are slates showing a series
o of minute wavy wrinkles on the cleavage planes
m(i‘l’;’rtmt‘;”t'f: s:lftht.he due to crushing. This feature was noticed in
more than one place in the Jaunsar series

to the west of the Toms. On the slates are quartzites, in which
conglomerate bands with quartz pebbles similar to those seen on
the Chandpur ridge (p. 37) are comspicuous. Since the quartzites
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soen on peak 7152 north of the limestone contain no sach conglo-
merate bands, we consider that the quartzites sonth of the limeatone
belong to a newer horizon than the others and that a fault separates
them from the limestone and phyllites which we assign to the Chail
series.”
The same limestone crops out on the road west of Thana. Here
also its dip is B.W.; it is probable that the outcrop could be conti-
Cheil limestono on NuUOUsly traced between the two points. The
the eart road near limestone was not, however, seen on the main
Thana. motor road to Kalka, except at the toll gate,
as mentioned above. At the brewery the Mandhalis were seen, so
that it is possible that the crushed limestone at the toll gate re-
presents the same outcrop and that the fault runs close below peak
7162.
On the Mussoorie road, south of the shallow syncline mentioned
above, the beds again turn over and we gradually pass from the
quartzites into pale-coloured or mottled slaty
thng‘lx m‘;::’:;’:g °% beds with vein quartz, Quartzites again_ ocour
beyond these without any change of dip and
then grey micaceous phyllites which closely resemble the highest
horizon of the (Jaunsar) series seen above Jagas, while occasional
pale-yellow, soft schists remind one of the beds of Nigaili. We
now pass into a clear blue limestone just beyond mile 30; this occu-
pies a broad patch with a low dip, all around the top of peak 6958 ;
it rests on some yellow earthy arenaceous beds which intervene
between the limestone and the pale yellow schists mentioned above.
This limestone is quite distinct from the older limestone on the col
north of peak 6658; portions of it are very sandy and the sand
grains standing out on the weathered surface present a peculiar
appearance which leads us to correlate it unhesitatingly with the
similar limestone which occurs on Guma peak and Juin, and which
is undoubtedly Krol. South of peak 6958 the
limestone is overlain by massive quartzites
which pass into dark slates. As we ascend
towards peak 7632 the latter become vervy schistose, siliceous and
splintery and simulate fossil wood. The correlation of these beds
is uncertain ; but they certainly belong to a different and no doubt
older horizon than the Jaunsar beds exposed to the north of the
Krol outcrop. It follows that they must have been thrust over
the Krol limestone by a reversed fault. Considerable quantities

Overthrust ‘ by older
beds (?) Jaunsar geries.
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of limestone were seen on both sides of the Amlawa madsi, round
about the village of Koruwa, and also on the old road_W,S.W. gf
peak 6174 Oldham has mapped limes‘oope east of Uproli and again
Krol limestone at t° the north. It is probable that all these
Uproli and elsewhere are Krol, and a continuation of the same outcrop
east of the motor road.  which has just been described. It is not necessary
that it should be perfectly continuous or regular, since by hypothesis
the Krol limestone has overlapped unconformably on to the Jaunsars
exposed to the N.and N.E. of it. The limestone which we saw
on the Disau ridge (p. 39) is approximately on the same strike, and
it is not impossible that an examination of the intervening area
might disclose other patches. At Disau it would seem that both
the Blaini and the Simla slates are present, and that denudation
has not taken place to the same extent as we believe to have been
the case on the Mussoorie road.
Considerable outcrops of limestone occur round Sahiya; Oldham
has mapped a large outcrop of it on approximately the same strike
. at Udpalta and has continued it up to the
s:]fjr;’;_ limestone at opg river. South from Sahiya we have a
long succession of Jaunsar quartzites and slates
with a gentle northerly dip; amid this are one or more outcrops of
intrusive ‘‘ syenite ” (sic Oldham). On the path east of Dhaira and
before reaching the top of the ridge, is a black limestone with little
blebs of dark quartz. This limestone was again seen on the motor
road about 552 miles, at the sharp bend. It seems to be inter-
_ bedded with rocks of a Mandhali type, amongst
Of‘f‘{“;’;gi]’mh beds north  \which are coarse grits and in one place a grey,
slaty bed with bouldery fragments which close-
ly resembles the Blaini conglomerate. The clifis on the east far
above the road present just the appearance of the Krol limestone.
The structure is far too complicated to be mapped on a rapid tra-
verse such as ours. The beds between Kalsi and mile 56 seem to
belong exclusively to the newer series, and represent outcrops of
the Simla slates, the Mandhali (Blaini and Infra-Krol) and the
Krol, repeated by folding. Just after entering Kalsi we pass on
_ to bright-red shales, which have been mapped
Kot Peds 8t by Oldham as Nahan, but which the senior
author has no hesitation in regarding as Dag-
shal, as a result of his very careful work on the rocks on
the west of the Kalka-8imla motor road, and which he hopes to
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describe at a future date in a memoir on the Tertiaries of the BSutlej
valley.

We have so far made no reference to the Bawar series, bhecause
our observations do not allow us to correlate it definitely. Origi-
nally Oldham regarded it as Tertiary (1883,
p. 197), but at a later date mainly on aceount
of a section on the Lambatach ridge (1888, p. 136) he referred it to
his “ Carbonaceous series”’. In the latter section a ‘‘ glassy quart-
zite "’ correlated by Oldham with the Chakrata outcrop of the Bawar
series does not come far below ‘‘ carbonaceous slates and limestone *’
which are obviously Jutogh, but it is impossible to say whether a
thrust separates the two beds. In any case the metamorphosed
character of the Bawar series is indicative of an early epoch, and it
can hardly be doubted that whether they are Chail or Jutogh a
closed thrust trace separates them from the younger rocks, which
underlie them on all sides.

Bawar series.

VII.—THE JUTOGH SERIES AND ASSOCIATED ROCKS OF THE
CHOR AREA.

Before we trace the three overthrusts mentioned above in the
opposite direction, that is from the Giri and Ashni rivers towards
the north-west into the Simla area, it will be as well to finish with
what we may term the Chor area, since we find here the clearest
evidence for the structure and correlation of these rocks that we
wish to establish. So far we have only considered in detail the
outcrops which lie on the southern and eastern, that is to say on
the foreland side of the Jutogh thrust. We will now proceed to
the consideration of the various rocks which lie on the hinterland
side of that thrust.

Although we cannot assert that the Jutogh thrust continues to
the north and north-east of the Chor mountain so as to join up with

The Jutogh series of the points at which we left it on the wesatern
the Chor area probably on,d castern sides of that mountain, yet it seems
isolated  within  the .
uppermost overthrust to us probable that such is the case. At any
trace. rate we have no reason to believe that any
other rocks than those of the Jutogh series occur within the thrust
trace where we have definitely established its existence, so that the
probabilities are in favour of the Jutogh outerop in this area being
just as isolated as is undoubtedly the case in the Simla area and in
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the much smaller area immediately surrounding the station of
Chail.

Since the great intrusive mass known as the Chor granite is one
of the most conspicuous portions of this area, this will first be briefly
described.

The Chor gneissose granite.

The Chor granite forms the higher parts of the mountain of that
name, which is a prominent feature of the district to the south-east
of Simla, attaining an elevation of 12,000 feet.

Medlicott’s views on its origin seem to have been rather unde-
cided. The somewhat obscure way in which he writes makes it

Medlicott’s views on dificult to understand. what his (.:onclusioPs
the origin of thoe Chor were. Apparently he discarded the idea of its
granite. origin from ‘fluid intrusion’, while, to use his
own words again, he seems to have been ‘in favour of a faulted eleva-
tion and semi-intrusion’, whatever that may mean.

Later, McMahon wrote extensively on the gneissose granites of
the Himalayas, including the Chor granite. While he first regarded

the granite as representing highly metamor-
thggfgf;‘;‘:ﬁt?’“ °%  phosed sediments (1877, pp. 216, 223), he later

discarded this idea and concluded that the
granite had been intruded into its present position (1882, p. 40).

In a later paper (1883, pp. 102-106) he summarised his views on
this question of the origin of the Himalayan gneissose granites. He
concluded that the gneissose granites of the
Chor, Dhaoladhar and Dainkund, were all of
one age, essentially the same rock and all definitely of igneous origin.
He referred their intrusion to a Tertiary period, coincident with the
uplift of the Himalayas, a view which is not supported by our more
recent work. It may be mentioned in passing that this view of the
age of the granites was upheld in Hayden and Burrard's book on
the Himalayas (1907-08, p. 219), though it was not supported by
Middlemiss, (Middlemiss, 1896, pp. 274-278, and McMahon, 1897).

The granite of the Chor Mountain (36/691) is a porphyritic biotite-
granite, containing abundant phenocrysts of orthoclase, almost in-
variably twinned on the Carlsbad law. These
phenocrysts often occur up to 2 inches in
length. In addition to the quartz and felspar, the only other mineral
that is easily seen in the hand specimen is biotite, in which the rock

Middlemiss’s view.

Outward appearance,
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is very rich. Two average specimens gave a specific gravity of
2-70.

A marked characteristic of the granite is the foliation that has
been developed in it. This shows itself most clearly in the arrange-
ment of the orthoclase phenocrysts and of the biotite. In the least
foliated varieties, the orthoclase crystals are scattered about the
rock anyhow, their axes pointing in all directions. In such a rock
the biotite, while it has a certain parallel disposition, tends to oceur
irregularly.

As the foliation of the rock increases, so the orthoolase crystals
take on a parallel orientation, their longer axes being roughly parallel.
In the most foliated varieties these crystals lose their sharp outline
and have instead a rounder appearance, the rock being sometimes
almost like an augen-gneiss, the ‘eyes’ being the orthoclase pheno-
crysts. In such a rock the mica is closely wrapped round the ortho-
clase, and elsewhere occurs in thin parallel strings.

Such then is the outward appearance of the rock. It was, of
course, this foliated character which misled geologists into regard-
ing it as a gneiss of sedimentary origin.

Under the microscope the larger phenocrysts are seen to be mainly
orthoclase. They commonly contain abundant inclusions of the
groundmass, such as flakes of biotite, and in
addition numberless little crystals of zircon and
some apatite are seen scattered about the crystals.

The felspars of the groundmass are chiefly orthoclase and oligo-
clase, the latter sometimes showing albite twinning.

Quartz is the most abundant mineral, occurring in strings of
small grains, which, together with the mica, sweep round the pheno-
crysts, enclosing them as lenticles; one phenoecryst if it i a big one
will go to form a lenticle, but one or two phenocrysts if they are
small.

Biotite is the predominating mica, generally of a greenish-brown,
but sometimes of the more typical red-brown colour. It rarely
occurs in large crystals ; more often it is seen as a thin string of little
flakes.

Muscovite only occurs in subordinate amount, sometimes in
medium-sized flakes and sometimes as a fine sericitic aggregate.

Sphene is quite abundant.

Another constituent which is almost universally present is a
yellow-brown crystal, nearly always divided into a dark interior

Microssopic oharacters.
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zone and a light outer zone. Bo far as can be said at present, the
two appear to be epidote and allanite, the latter being the cerium-
bearing epidote.

In certain parts of the granite, notably on its castern side, xenoliths
are fairly abundant. These seem to be of two kinde:—*accidental
xenoliths’ and ‘cognate xenoliths’. The for-
mer are clearly portions of the country rock
which have been caught up by the magma, and rocks such as quart-
zites and garnetiferous schists can still be recognised. The ‘ cognate
xenoliths * betray their origin by containing some of the large twinned
orthoclase phenocrysts of the parent rock. They differ from the
latter, however, in being quite basic, and are almost black in colour.
It is hoped to make a more complete investigation of these xeno-
liths in the future.

Such then is the rock itself. As regards its geological relations
to the surrounding rocks, these are not so clear as might be wished,

Geological  relations owing to the fact that the junction is com-
of the granite to the monly obscured by fallen boulders of the gra-
surrounding rocks. nite. While it is true in general that on the
southern slopes the strata dip gently towards the granite, so that on
the south-west side of the granite the prevailing dips are to the
north-east, while on the south-east side they are north-west, at the
same time no such simple relation is seen close up to the granite.
On the west side of the granite, near Topi, the neighbouring rocks,
right up to their contact with the granite, are almost everywhere
horizontal, with the granite forming the higher slopes above them.
On the Didag-Balogti spur the relations are not clear, but again
the granite appears to rest on the gneisses. On the Nauraghat
spur there is direct evidence of a discordant junction. The edge
of the granite is about a quarter of a mile north of Nauraghat. Along
the road from Sotani to Naura the prevailing dips are south and
south-east, and the rocks appear to be striking north-east directly
towards the granite. Due north of Nauraghat, the rocks have
sometimes a northerly dip, but elsewhere it is again south-east.

Thus although on a broad view it might be said that the rocks
on the south side of the granite have a dip towards the granite,
closer examination shows that the relations are not really so simple.

The north side of the granite has not yet becn examined by the
authors, but Medlicott states most explicitly that the strata here
have a northerly dip, and that they overlic the granite, which dips

Xenoliths.
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beneath them (1864, pp. 41, 42). In accordance with this north-
erly dip, which, though varying from place to place, may be said to
be the prevailing dip of tho whole area, the southern sides of the
mountain are more steeply scarped than the northern.

It is of interest to note that on the very top of the mountain
occur relics of the coarse garnet-gneisses which are found in the
Jutogh series, and which may be presumed to have formed the roof of
the intrusion.

It thus appears that we are dealing with a large intrusive laceo-

lith, which has a gentle northerly dip, and
e o e, " has evidently been intruded up from the north,
ntrusive laccolith. . X

into the Jutogh series.

As regards the foliation of the granite, there seems to be little

doubt that this feature was not the result of metamorphism after

The foliation of the the solidification of the granite. This is most
granite  contempora- conclusively shewn by the fact that where the
neous with its intru- gyanite is most foliated the parallelism of the
s phenocrysts is most marked. Now if the gra-
nite had been intruded and cooled down under tranquil conditions,
the phenocrysts would have been scattered about in all directions,
with no particular orientation, as indeed they are in the less foliated
varieties. If subsequently the rock had been subjected to meta-
morphism after it had become solid, the felspars would in the main
still have retained their original directions, but would have shewn
signs of crushing and other cataclastic effects, those which were most
parallel to the strike of the crust-movements being least affected.
Complete parallelism could only be attained if the whole rock became
fluid, a condition which must be beyond the compass of metamor-
phism. (The possibility of complete fusion must in any case be ex-
cluded, because the rocks adjacent to the granite shew no evidence
of it.) But in actual fact, except for certain strain phenomena
shewn by the optical properties of the quartz, cataclastic affects
are entirely absent; and though the mica is sometimes seen to be
bent, following the general flow lines around the phenocrysts, it
never presents the appearance of having been fractured subsequent
to its crystallisation.

It is clear, then, that the folsation must have been developed at the
time of intrusion and crystallisation, by pressure resulting from the
crust-movements that were then in operation, presumably the same
as those that caused the intrusion of the granite. All the evidence
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points to any parallelism there is among the minerals being due to
flow prior to the final consolidation of the rock. The point is an im-
portant one; for on its correctness depend certain arguments which
are used in determining the sequence and time-relations of the

various events.

The olivine-dolerites.

We may now pass on to describe a small number of fresh, basie,
igneous rocks, which occur as dykes cutting the Jutogh series and
the Chor granite.

. No reference to them appears to have been made by Medlicott,
unless the ‘dense hornblendic trap-rock’ described as occurring
near Banallah and Sohana, on the west flank of the Chor, refers to
the dolerite which does occur there.

In 1887, however, C. A. McMahon published a paper entitled
‘Some notes on the Dolerite of the Chor’, in which he describes
the petrography of some of these rocks.

In this paper McMahon refers to six localities, but it is almost
certain that one of them is a mistake, that at Naura. Apart from
the fact that his description of the locality is at fault, prolonged
search in this area failed to reveal the slightest trace of any such
rock, either sn si#u or as boulders. The particular locality, however,
i8 notable for its abundant dykes of hornblende-schist, and it may
be that he has mistaken one of these for the dolerite, though he
gives a petrographical description of a dolerite.

In addition to these five localities, the same rock has been seen
in four other localities, namely, (1) on the S.W. spur, Kheri-ki-Dhar,
by a small pond about one mile east of Chorwa Hatti, cutting the
gneisses (36/954); (2) further up the same spur, just before Bajni,
-cutting the granite (36/689); (3) where this spur reaches the top of
the Chor by Setambu, also cutting the granite (36/692); and (4) on
the west side of Sharah Dhar, one of the spurs running south from
Nauraghat, about half a mile east of Bhangari, cutting the gneisses.
In this latter place two varieties occur (36/965-967).

Thus we see that the outcrops of this rock (including the five
described by McMahon) are entirely confined to the area of the
granite and the older rocks associated with it, above the uppermost
overthrust. They have never been seen in the Chail or Jaunsar series
below, an observation which will be referred to later. On the other
hand they do not appear to have been seen anywhere in the Simla-
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Jutogh area, so that they seem to be confined to the vicinity of the
Chor granite, with which perhaps they have some genetic connec-
tion.

In the above-mentioned paper McMahon drew attention to the
close similarity of all these rocks, and, no doubt correctly, regarded
them ag belonging to one set of intrusions.

The rock is easily recognised in the field, for its marked freshness,
great bardness, and the ringing sound it emits when struck with a
hammer, all serve to distinguish it from any other rocks of th
district. )

The petrography of these rocks has already been described in
some detail by McMahon.

In the hand-specimen they are seen to be very fresh, black, mode-
rately coarse-grained rocks, weathering to a rusty brown colour,
and having a high specific gravity, the rock at SBetambu being 3-04.
The grain varies considerably in coarseness. In places it approaches
a gabbro in this respect ; elsewhere it iz more like a medium-grained
dolerite. In the last locality mentioned above, by Bhangari, both
varieties occur close together. While the rock is generally even-
grained and non-porphyritic, in some varieties relatively large crye-
tals of felspar occur, giving a semi-porphyritic character to the rock.
The dyke at Bajni is of this type.

Under the microscope, an average specimen is seen to be a holo-
crystalline rock, composed essentially of plagioclase felspar, augite,
and olivine.

The felspars in all these rocks are characterised by a faint clove-
brown tint. This unusual appearance is so characteristic that on
this ground alone one would be justified in placing all these rocks
into one group. It is a feature which was remarked upon by
McMahon, when he first described these rocks, and he attributes
it to a content of iron. A detailed description will not be given in
this place. It may be said, however, that the felspars correspond
to an acid labradorite piagioclase, and that they are invariably
idiomorphic towards the augite. The latter is generally quite colour-
less. It tends to occur in separate allotriomorphic grains rather
than in plates, but sometimes a sub-ophitic structure is developed
with respect to the felspars. The olivine, like the felspars, is very
characteristic, being highly charged with a fine magnetite dust,
giving many of the crystals a grey-black colour under the micros-
cope. Though it occurs in all the dolerites that have been examined
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from the south side of the Chor, according to McMahon it is absent
from the two specimens which he collected from the north-east
side. As might be expected with a presumed high content of iron,
the olivine crystals show a negative birefringence.

In accordance with the description given above, they should be

called olivine-dolerites:

The hornblende-schists.

In this section we have to deal with igneous rocks of pre-meta-~
morphism age, which are now seen as hornblende-schists and amphi-
bolites. It will be convenient to refer to them here. '

These rocks were briefly described by McMahon in his paper on
the ¢ Dolerites of the Chor’ (1887), wherein he refers to those scen
by Nauraghat, where they happen to be unusually abundant.

As compared with the dolerites they are quite common; but,
as is the case with those rocks, they are confined in their distribution
to the oldest, uppermost rocks, the Jutogh
v series, though they do not appear to cut the
Chor granite. The main point, however, is that they are never
seen cutting the underlying Chail or Jaunsar series. In fact it is
impossible to conceive of them doing so; for they are the products
of high grade metamorphism, and could not occur in rocks that
showed little metamorphism,

Perhaps the commonest way in which they occur is as dykes
cutting the neighbouring strata transgressively. On all sides of
the Chor Mountain they are seen with this relation, so that there
is no need to specify any number of cases. One, however, may be
mentioned where this relation is very well displayed. Just south
of Nauraghat, is a thick band of white dolomitic marble. Intruded
into this rock, between the two roads to Bandal and Manal, are
two dykes of hornblende-schist (36/696), and they both cut the
marble almost exactly at right angles to the strike. In other places
these rocks are seen to occur parallel to the bedding of the sediments,
in the form of sills if they are regarded as intrusive.

All, however, have one feature in common, namely, a very limited
extent. Rarely can a band of the rock be traced for more than a
hundred yards. This is not due to poorness of exposures, for the
rock can quite commonly be seen to end abruptly. Further, they
none of them seem to follow any rule as regards their direction, but

Occurrence.
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are scattered about at all horizoms, some concordant, some trans-
gressive. :

These rocks, though they occur in considerable abundance, do
not vary greatly in character, the two types, hornblende-schist and
amphibolite, differing chiefly in the former being
schistose, while the latter are more massive
and granalar. Felspar is sometimes abundant and sometimes com-
paratively scarce.

Another variety which is commonly seen is a garnet-bearing
rock in which the garnets are very abundant and sometimes up to
an inch in diameter, though generally they are about a quarter of
an inch in diameter. This type of rock is seen on Prospect Hill
(36/660-663), and is referred to by both Medlicott and Oldham
(1887, p. 148). Throughout the Chor area also this rock is quite
common.

In a typical specimen of these hornblendic rocks the hornblende
is by far the most abundant constituent. It is generally a pale
green colour, with the following pleochroism :—

Character.

@ = pale brown
b = brownish-green
£ = bluish-green

It usually has a rather high extinction angle, 19° measured from the
slow direction, with negative birefringence.

Pyroxene seems always to be quite absent.

The colourless minerals are almost entirely plagioclase and quartz.
The former is commonly twinned on the albite law, with a maximum
extinction of 26° and a refractive index higher than the balsam.
Hence it is probably a basic andesine. There is nearly always a
certain amount of quartz present, and it may be quite abundant,
though it is not always easy to distinguish it from untwinned albite,
which may be present.

The only other constituents which are invariably present are
sphene, a very common mineral in all hornblende-schists, and an
iron ore, generally in ragged crystals.

In some specimens, notably one from Shangin, N.W. of Taradevi,
and in certain parts of the Prospect Hill rock, zoisite or a colourless
epidote are abundant. -

- The Prospect Hill rock is really verv complex. In places the
garnet is abundant, sometimes uniformly distributed, elsewhere in
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thin streaks in the rock, while often it is entirely absent. In one
variety quartz is very prominent together with colourless epidote,
while hornblende occurs only in certain bands.

Apart, however, from special variations such as these, the rocks
are on the whole quite similar, and it would seem that they belong
to one suite. Hence whatever origin can be determined for some
of them, can probably be applied to the whole suite.

From what has been said above, then, it seems likely that the
whole suite of rocks are of igneous origin, and it is clear that at least
a large proportion of them are intrusive rocks. The question arises
a8 to whether some of those with concordant relations may not
represent lava-flows. But the fact that they are seen at all horizons
in these older rocks, that they can never be traced for any great
distance, and that so many of them are seen to have discordant
relations, would seem to point to their all being intrusive igneous
rocks, some dykes and some sills, but probably none of them lava-

flows.

Metamorphism of the Jutogh series.

The most striking feature of these rocks is their much more
metamorphosed condition as compared with all the other rocks of
Metamorphism of the the. district. This meta,fnorph.ism und_oubtedly
Jutogh  series; its Tadiates from the great intrusive granite mass
E’ildg:ﬁf:nimfmm the of the Chor, its intensity varying inversely as
g ) the distance of the rock in question from the
Chor. This phenomenon as observed by us is completely in accord
with Medlicott’'s general observations as described on pages 40 to
43 and 46 to 47 of his memoir. It must be clearly understood,
however, that if Medlicott intends to include the Chail and other
rocks on the outer side of the Jutogh overthrust in the same gene-
ralization then we cannot endorse it. The Chail series is undoubted-
ly less metamorphosed than the Jutogh series, and the Jaunsar
series than either of the other two; but the degree of metamorphism
displayed by corresponding rocks in both the Chail and Jaunsar
series does not vary from place to place except accidentally, and we
believe that their metamorphism has no genetic connection with
that shown by the Jutogh series, which as we have seen is separated
from them by an overthrust. Thus, considering merely the Jutogh
series, our examination of the older rocks which are closely associated
with the Chor granite, incomplete as it was, yet did indeed reveal
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a fairly regular concentric arrangement of the secondary minerals
about the granite; we can, therefore, hardly doubt that the intrusion
has exercised quite an appreciable effect on their grade of meta-
morphism, '

We did not originally intend to give a detsiled description of
the metamorphism of these rocks until a greater ares had been
surveyed and until more time had become available for determina-
tive work. The metamorphism ae we interpret it, however, is of
importance in determining the age and sequence of some of the
major events, and it is therefore necessary to refer to it briefly in
this paper. As it is also of considerable interest, a preliminary
account may not come amiss.

In discussing the metamorphism, attention is mainly confined
to the older rocks comprising the various members of the Jutogh
series ; though certain comparative observations will also be made
upon the metamorphism displayed by the Chail and Jaunsar series.

Examination of these o!der rocks reveals at once the fact that
the metamorphisin dispiayed about the granite is essentially of a

~ Tegional type, and is not purely thermal. This
easrgﬁfiaug‘zgﬁzﬁ’_h“m is clear, firstly from the type of rock produced,
highly foliated gncisses and schists; and se-
condly from the type of mineral formed, in particular staurolite,
chloritoid, and chlorite, minerals which are almost whoily confined
to the crystalline schists, and never observed in ordinary contact
metamorphism. Moreover, these Jutogh rocks always show a mode-
rate grade of metamorphism over the whole of their outcrop, in
places far from the Chor granite, and it seems clear that the granite
has only been a modifying factor, with its local influence impressed
upon the regional metamorphism.

Again, the granite itself is often highly foliated, and, as discussed
on page 55, the foliation was evidently impressed upon it at the

Contemporsnsous i€ of it8 intrusion and subsequent crystalli-
with the intrusion and sation. We therefore have strong evidence
foliation of the granite. that the granite was intruded at a time of
important earth-movements; and the additional observations, that
there is a definite relation between the granite and the grade of
metamorphism, and that the metamorphism a8 a whole is essen-
tially regional in type, point to the conclusion that the earth-move-
ments which produced the foliation in the granite, and indeed pro-
bably caused itz intrusion, were the same as those that produced

a
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the regional metamorphism of the whole area in which the Jutogh
series existed.

We know that regional metamorphism is connected with periods
of extensive earth-movement, when the crust is in a disturbed state,
and that the same commonly applies to the intrusion of igneous
material. In view, thercfore, of the facts noted above, it does not
seemn unduly speculative to conclude that the intrusion of the Chor
granite, and the main regional metamorphism, were products of
the same earth-movements, and had thus a close genetic relation.

From the type of metamorphism developed, it is evident that
conditions of both high stress and fairly high temperature prevailed

throughout the region; and we may confident-
Increase of meta- |y gg5oribe the increased metamorphism about
morphism about the : )
granite due to heat the granite to the increase of temperature
fi‘;’f““d by its intru-  g¢onsequent upon its intrusion. Not only can
o one discern a general increase in the grade of
metamorphism of the Jutogh rocks on approaching the granite, but
certain metamorphic zones can be laid down, the distribution of
which shows a definite relation to the granite mass. The importance
of this, and the reason why it is necessary to refer to it briefly in
this paper, is that it sets a limit to the date of the recumbent fold-
ing. It seems to us to show that the date of this folding cannot be
later than the high grade metamorphism.

Before proceeding further with the description of the metamor-
phism, an Important factor must be mentioned ; it is necessary, in

Character  of  the discgssing the grade of metamorphism, and in
sediments an important Making any attempt to lay down zones of
factor in the degree metamorphism, to take into consideration the
of metamorphism, . . . .

composition of the sediments. It is obvious
that composition must play an important part in determining the
formation of the various minerals. Further only certain types of
sediment are of use in following out the progressive metamorphism,
A large number of sedimentary rocks exist in a state of ‘false equi-
librium ’, particularly calcarcous sediments; and it only requires
a small rise of temperaturc to set off a reaction, which, in proportion
to the lack of equilibrium, will proceed with corresponding rapidity.
Only the fine-grained argillaceous sediments can be regarded as
in a state of equilibrium. It is, therefore, in these rocks that suc-
cessive zones of metamorphism can most easily be traced, especially
in the earlier stages.
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For these reasons, in studying the successive grades of meta-
morphism about the Chor granite, the zoning, in so far as it can
be effected, must be confined to one particular type of sediment.
Fortunately the pelitic type is fairly abundant. and it can be picked
out for the purposes of zoning. Even so, however, there is consider-
able variety amongst this type of rock such as the schists associated
with the Boileaugunge quartzites, asnd those associated with the car-
bonaceous band—two varieties of pelitic sediment, of which tbe
second is very markedly ferruginous. Buch differences of com-
position afford interesting comparisens. Thus in one variety a
particular mineral may come in earlier or later than it does in another,
or it may be completely absent. And, although a given mineral
may be developed in rocks of different composition, its appearance
may not denote the same temperature in both cases. This principal
is well exemplified in our own area, where the ferruginous type of
pelitic sediment is not isogradic with the normal type.

_ Although the influence of the Chor granite is quite clear, its
effect is only to be regarded as a modifying one; for the regional
. metamorphism of the same rocks far awa

The Chor granite hes from an§ granite mass, a8 at Simla, has a.l}i

merely modified the
regional metamor- ready reached the garnet zone, at least so far
phism. as the schists associated with the Boileaugunge

quartzites are concerned. In the case of the carbonaceaous rocks
this is not so. and garnet does not appear until within the
‘mmediate vicinity of the granite.

Before proceeding to describe the zones and their distribution,

reference may be made to two important papers published many
years ago by George Barrow (1893 and 1912).

tamor- .
phiz,‘,’,.f'“e,ﬁbu?f,dm%‘; In these papers Barrow describes an area of
Barrow in the 8. E. Dalradian rocks in the S. E. Highlands of

Highlends of Scotland. g/ )and, which has suffered regional metamor-
phism, Associated with them are numerous granite intrusions, some
of the ‘Older Granites’ of Scotland. Owing to the completeness
of the evidence, the advancing metamorphism can be followed out
from the lowest to the highest grades, and in general the zones are
related to the distribution of the granite® Such zones are charac-
terised by different mineral assemblages, and in particular by the

3According to Tilley this is not always so. See Quart. Journ. Geol. oc., LXXXI,
p- 107, 1925, 9
g
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incoming of some distinctive new mineral, corresponding to the
lowest temperature at which such a mineral can form. Such an
index mineral may or may not continue to figure in the higher zones;
but it is its occurrence on the border of the zone which is the signi-
ficant point.

Working in this way, and confining himself to argillaceous rocks
he has established six zones, characterised by the incoming of the
minerals chlorite, biotite, almandine garnet, staurolite, kyanite and
sillimanite. The latter is Parrow’s highest zone mineral. Stauro-
lite, however, it only found in sediments fairly rich in iron.

Returning now to our own area, it will be seen that the range
of metamorphism is here confined within much smaller limits. In
: those schists associated with the Boileaugunge
phﬁ:'ﬁ tﬂi Chetamor  quartzites, the two zones of garnet and stau-

rolite are well developed, while one lower zone,
which can best be described as being without garnet, is also some-
times present. While biotite often occurs in this latter zone, it is
more commonly absent, the most distinctive mineral being muscovite.

In the case of the rocks associated with the carbonaceous band,
the garnet zonme is much more restricted, and only occurs in the
immediate vicinity of the granite. Prior to this is a zone charac-
terised by the presence of the mineral penninite, and less commonly
by chloritoid. The feature of this zone is the occurrence of the
penninite and ch'oritoid in fairly large porphyroblasts, set in a fine
matrix. It may be called the penninite or chlorite zone. Below
this is the zone of white mica, which may be said to represent the
normal grade of metamorphism presented by these rocks away from
the influence of the Chor granite.

, . We shall now describe briefly the metamor-
pefg‘fﬁ?ﬁ;ﬁ Beldiin!::mg: phism of those sediments of normal pelitic

type, such as the Boileaugungs schists.

Tn following out the advancing metamorphism, owing to the
folding, one cannot always keep to the same horizon. This, how-
over, is not of much consequence, so long as one can pick out rocks
of the same pelitic type, having approximately the same composi-
tion. Thus, as we shall show later (p. 110), the rocks above the
upper carbonaceous band (the upper mica-schist of Hayden) are
probably a different horizon from those that occur between the two
bands. But the type of rock is the same, quartzites and mica-
schists ; so that for our purposes they may be treated as the same.
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In the Simla-Jutogh district the schists of the Boileaugunge
series are well displayed on Jakko, and again on Jutogh. In the

Metamorphism of the intervening area, on the ridge, the quartzites
gnoisses and achists mostly predominate. As i8 well Jmown from
in the Simla area. the observations of Medlicott, Oldham and other
authors these schists are often aiready in the garnet stage; but,
although this mineral is sometimes abundantly developed, miore
especially on Jutogh, it is mostly in small crystals, as compared
with those seen near the Chor granite. A typical specimen of these
rocks (36/667) is composed mainly of quartz, in small interlocking
granules, with large films of white mica wrapping round them
Biotite also occurs but it is quite subordinate in amount. Garnets
of a pale pink colour, may he abundant. Sometimes they show
good shapes, and their great crvstallising strength is revealed by
the way they have pushed everything else aside when they were
growing. Quite commonly, they seem to have been shattered. and
the cracks have subsequently been filled in with quarts. Buch,
then, is the type of rock seen in this area, away from any visible
outcrop of granite.

Let us now compare the same rocks in the Chor area, with those
of Simla. The progressive metamorphism is most clearly revealed
on the spurs that radiate out to the S.W.,
W.N.W., and N.W. These three spurs are
clearly shewn on Medlicott’s small scale map. On the 1" map they
are the three spurs named Kheri-ki-Dhar, Banali-Dhar. apd Pain
Kufar Dhar.

Summarily it may be said that the most obvious changes observed
in the field as one approaches the granite are, (1) increase in the
size and abundance of the garnets, (2) the incoming of staurolite,
(3) increase in the size and abundance of the staurolite, (4) disappear-
ance of the staurolite.

It was mentioned just above that the garnets that occur in the
same Tocks away from the granite are generally small, about 1/20" in
diameter. On approaching the granite, how-
ever, they rapidly assume large proportions,
up to }” in diameter, and become so abundant that in places tle
ground is strewn with them like gravel on a garden path. Not only
have the garnets become larger and mor¢ abundant, but the mue-
covite has likewise increased in size; all this points tn the preva-
lence of a bigher temperature, resulting in an increased amplitude

In the Chor area.

Garnet zone.
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of diffusion, and hence in a greater coarseness of grain. These
rocks (36/960) often have a striking appearance owing to the abund-
ance of the muscovite, which is a light golden colour, and in the
absence of vegetation the whole hillside flashes out in the sun-
shine.

As compared with the garnet zonme away from the Chor granite,
biotite is now more prominent, though always subordinate to the
muscovite. Felspar also now begins to come in. A feature of
many of the garnets is the way they have been shattered, and the
cracks filled in with quartz These latter sometimes show a remark-
able arrangement within the garnets, being arranged in a kind of
S-shaped way, as though the crystal had been rolled along or had
suffered a small rotation while being fractured.

Sometimes large porphyroblasts of chlorite, probably penninite,
are found developed in these rocks, but they are not as common
as in the carbonaceous schists, to be described below.

Over all this area the incoming of staurolite can be fixed on the
ground with precision. Though almost exactly the same colour as
the garnet, it is easily recognised by its pris-
matic habit. At first it is in comparatively
small crystals, which are not very abundant. But on approaching
the granite they increase both in size and abundance, until they
become almost as common as the garnet, and are sometimes seen up
to an inch long. While garnet continues to be present in this higher
zone, it is not now so abundant as before. Nor, again, is the mus-
covite quite so coarse as it was in the garnet zone. The staurolite,
where typically developed, shows the faces of the prism zone, and
the face (101) is also commonly present. In places, and especially
on Banali-Dhar, by the village of Banali, twins of the St. Andrew’s
Cross type are common, though usually only half the twin is deve-
loped, giving the appearance of an arrow head. These staurolite-
garnet-schists (36/958) are very coarse rocks, and are commonly
characterised by being full of thin sheets of milk-white quartaz.

In staurolite-gneisses in other parts of the world, the staurolite,
while appearing as good crystals in the hand-specimen, under the
microscope is seen to be full of inclusions, commonly quartz, which
make up more than half the crystal: or it may be destroyed to form
white mica by alteration. Our own staurolite crystals, however,
are very different in this respect, being remarkably fresh and free
from inclusions, though they may be somewhat shattered.

Staurolite zone.
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In the staurolite zone muscovite hecomes somewhat less abund-
ant, while porphyroblasts of oligoclase and perhaps albite are quite
common. Albite and oligoclase are also seen as small erystals in the
groundmass, but it is doubtful if there is any potash felspar in these
rocks.

It has already been emphasized that it is the incoming of a zone
mineral which iz the important point. Such a mineral when once
formed may continue to exist in the higher zones, or it may be con-
fined to its own zone. Thus we see garnet continuing into the
staurolite zone. In the case of staurolite, however, it would seem
to be otherwise, this mineral apparently having a restricted distri-
bution. For as one approaches the granite staurolite dies out, and
nowhere do staurolite-schists occur adjacent to the granite. It
would thus appear either that staurolite has a definite temperature
range, outside which it is not able to exist; or possibly that its exis-
tence is determined by the presence of shearing stress, so that at
higher temperatures, where shearing stress may be presumed to
become less effective, it ceases to appear. |

o The following sketch-map shows the distri-
.u]‘)l'r':‘l’i‘;“:;:’; of the pution of the staurolite sone on the three spurs

where it has been determined :—

% Boundary of Granite

At Chief Spurs with
Staurolite limits
Scale ;-
0 s s
L 1 } L ] Miles

F1a. 10.—Sketch map showing distribution of the staurclite zone round the Chor grenite.

From this it is seen that the zone most closely approaches the granite
on the middle spur or Banali Dhar, though even here its upper limit
is still about 1} miles from the edge of the granite.
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Although stsurolite thus dies out before the granite is reached,
gernet ocontinues to be present, sometimes abundantly, right up
to the boundary with the granite, the rocks then being very coarse.

Neither kyanite or sillimanite are ever seen here, though it may
be mentioned that sillimanite apparently occurs around some of the
granites of British Garwhal, which are probably the same age as the
Chor granite. (Middlemiss 1888, p. 25.)

Having thus described very briefly the metamorphism displayed

) by the Boileauginge schists, we may now
m?l{)z;"’:::o"f:";‘:d:f the turn our attention to the carbonaceous beds,
the other part of the Jutogh series which best

shows progressive metamorphism.

It has already been indicated that in these rocks the garnet zone
has a much more restricted distribution ; and it seems to be generally
true that the advancing metamorphism has
throughout been delayed to a very marked
extent, as compared with its progress in the schists of the Boileau-
gung: series, described above. That is to say, the two series are
not isogradic. Sometimes this distinction is strikingly shewn. At
Punnar the carbonaceous beds are not garnetiferous; but immediate-
ly one gets into the Boileaugunge schists above, even while the
rocks are still slightly carbonaceous (for there is a gradual transi-
tion), garnet at once becomes abundant. Why there should be this
distinction is not evident.

In these carbonaceous rocks three zones are clearly marked
out :—

Garnet zone.

(1) Zone of white mica.
(2) Zone of penninite.
(3) Zone of garnet.

In comparing the distribution of these zones with those of the
Boileaugunge schists it appears that when the latter are in the early
stages of the garnet zone these carbonaceous

thgm’;ls;‘:;i:"“ofb"m‘:i'f rocks are in zome (1). When the others are
morphism in  the 1N the later stages of the garnet zone and in
&hfﬁ‘i’::gsthe carbon- the staurolite zone, then zone (2) is developed
in these rocks. Zone (3), that of garnet. is

only developed in the immediate vicinity of the granite, while the
staurolite zone isYnever developed; though in view of the compo-

sition of the rocks one would have expected it, had a sufficiently
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high temperature prevailed, for they are very ferruginous, as one is
made to reslize by the red colouration around the springs that issue
from them, It is possible that the band never approaches sufficiently
olose to the granite for staurolite to form. In describing these three
zones, then, it must be remembered that we are dealing with a dis-
tinotive type of sediment, often richly carbonaceous and highly
ferruginous.

In the first zone, the only distinctive mineral seen in addition
to abundant quartz is muscovite, It occurs
in lenticular bundles wrapping round the quarts,
and it is interesting to note that the carbonaceous element is wholly
confined to this mica (36/976-977).

The second zome is a very characteristic one, for the rocks com-
monly contain large prophyroblasts of a mineral which seems to be
closely allied to penninite (36/943-945). It has
the characteristic indigo-blue interference tints
of that mineral, due to the very low birefringence, and approxi-
mately the same specific gravity and hardness. It differs, however,
in having a somewhat higher refractive index, that for penninite
being 1-578 while this is about 1-64.

In addition to this mineral, another mineral is sometimes found
which is much harder and has a higher specific gravity (36/947).
It most nearly approximates to ottrelite, and like that mineral it
has great crystallising strength, pushing everything else aside as it
grows, and taking not the slightest heed of the schistosity of the
rock. The refractive index is again about 1-64, while that of ottre-
lite is 1:73. The mineral in our rock, however, seems to contain
no manganese. S

The abundant development of penninite in these rocks, and to
a less extent of chloritoid, is clearly related to the abnormal com-
position of the sediment. The latter mineral, especially, is charac-
terised by a high iron content, and we have already stated that the
rocks in question are markedly ferruginous. A remarkable feature
of the porphyroblasts of penninite is that they seem to grow with
little or no disturbance of the rock. Instead of pushing the rock
aside while growing, they seem to grow around the rock particles.
One can often see the grain of the rock running right through some
of the crystals that are perhaps only half formed, though already
showing very definite and clear cut edges. Fully-formed crystals
are nearly always full of inolusions of quarts, especially the penni-

Musoovite zone.

Penninite zone.
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nite; and one may attribute its formation to the very basic nature
of these minerals. It no doubt represents that excess of silica in
the composition of the rock not required by the penninite.

It is hoped to make a more complete investigation of these mine-
rals in the near future, as they are very abundant and present several
features of interest. Their optical properties are unfortunately obs-
cured by the abundant carbonaceous material. Both these minerals
are easy to recognise in the field.

In the third zone muscovite is less abundant than before; this
zone is easily recognised by the presence of garnmets large enough
to identify in the field. In addition to the
incoming of garnet, the penninite still per-
sists, Further we now find abundant biotite developed, in addition
to the muscovite (36/962).

In order to render the arecal distribution of these zones more
easily understood, we reproduce in figure 11 a sketch-map of the west
and south-west sides of the Chor mountain, showing its main spurs.
The area occupied by the granite is shewn by shading, and the
uppermost carbonaceous band is also indicated.

Garnet zone.

G
G=Garnet abundant s anal

g=Garnet scarce g
7777700 [h
Granite boundary l:'.
" Chief Spurs l|'.'_.‘ AN
:2'3\.‘.“.-.._;"; Up. Carbonaceous band WETTR, 2. aripur
- Nenmmn T T !
Scale:— j unmar Seigy /cé
o . s Shamra Punnar ,3;-2‘fs'
l L L 1 J M”es A
Ae——e—r” Chabdhar
Olong

Fia. 11.—Sketch map showing the development of garnet in a carbonaceous band
of the Jutogh series in relation to the gramite.
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The map has been drawn for the purpose of shewing the relation
between the development of garnet in this upper carbonaceous
band, and the proximity of the Chor granite.
Distribution of the This has been done by lettering, a capital @
garnet zone, c e e _
indicating abundant garnet, and a small g4
scarce garnet., It will at once be seen that where garnet is abund-
antly developed the band approaches most closely to the gramite ; while
a8 the band leaves the vicinity of the granite garnet dies out alto--
gether. The connection between the development of garnet and
the proximity of the band to the granite is too clear to be missed,
and is eloquent of the part played by the granite as a modifying
influence in the general regional metamorphism. Where the band
sweeps north by Charpna it has not yet been examined in detail,
and hence it is not possible to say if garnet is abundant or scarce.
But it is probable that it is only moderately developed, since further
west, where the band passes to the north of Punnar, no garnet at
all is to be seen, only penninite.

These remarks as to distribution apply solely to the upper band
of these rocks, which, owing to the configuration of the ground,
crop out most closely to the granite. In the lower band garnet is
almost completely absent, and was only seen in two places, and
then only locally developed and in small crystals:—one just north
of Gadol, due south-west of the Chor, at the top of the lower band ;
the other in the hills just above Chayal, on the west side of the
Chor.

The distribution of penninite, though no less conclusive, is not

g0 easy to demonstrate on & sketch map. In

Distribution of the the Simla-Jutogh area this mineral seems to be

penninite zone. entirely missing in these rocks, and a like re-
mark applies to the outcrop of the same rocks at Chail, in Patiala,

Further south-east, towards the Chor, the same rocks are next
met with in the Haban-Chayal area. We are now very much nearer
the Chor granite, and already both penninite and garnet are deve-
loped. Confining our attention to penninite, this mineral ‘s now
seen for some way. By Rajgarh it is sparingly developed, while
in addition chloritoid is also found here. In the upper band the
penninite is now seen continuously, and at Matiari is very abundant
together with garnet, as shewn in the sketch map above.

In the lower band, continuing south-east from Rajgarh thie
mineral is seen above Kohlan, but further than this it does not
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ocour, that is to say neither by Tikri, Gadol, Kanhar, Manal, 8. of
Shamra, Bahin, on Olong, nor on Chabdhar.

Now a glance at the map will shew that the line of outcrop of
this lower band, following the places mentioned above, does on the
whole very slowly diverge from the boundary of the Chor granite.
. Irregularities in the At the same time it is not easy to explain
distribution of the why the mineral is fairly abundant at Kohlan,
zones. but is not seen by Kanhar, where the band
is somewhat nearer the granite. In fact there seem undoubtedly
to be some irregularities in its development ; though the general
statement that it is only developed within the influence of the Chor
granite is correct and none the less significant. Further the iso-
thermal surfaces, resulting from the interaction on the one hand of
the general temperature prevailng throughout the region, and on
the other hand of the localised but higher temperature of the granite,
may not have been very simple, and will have depended partly on
the shape of the granite, concerning which we at present have little
knowledge, at any rate as regards its underground extension. If
the assumption made in the section on the granite be correct, that
it is a huge sill or laccolite, which came up from the north or north-
east, one cannot tell how much further south it may once have
extended. By hypothesis it could not have been so very far above
the present land surface, prior to its removal by denudation. From
these and like considerations, we need not be surprised if irregula-
rities occur in the distribution of our zone minerals; that is to say
irregular as regards their relation to the boundary of the granite
a8 now seen at the surface.

Metamorphism of the Chail and Jaunsar series.

The metamorphism of the younger rocks, designated as the
Chail and Jaunsar series, is most conveniently considered here, al-
though as we have shown they are separated by the uppermost
overthrust from the Jutogh scries, the metamorphism of wh'ch we
have discussed in the preceding pages. The contrast in the
two cases is very str'king. The Jutogh rocks not only .display
recumbent folding, but also a high grade of metamorphism that
has required both high temperature and high stress for its forma-
tion. Moreover it is abundantly clear that the increase in metamor-
phism is related to the granite mass.
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On the contrary in the case of the younger underlying rocks,
those which have been brought forward by the two lower overthrusts,
the effects of high temperature are no longer to be seen. Instead,
the dynamic factor has been the preponderating influence; and,
whereas in the upper rocks we find the formation of schists and
gneisses with high temperature minerals, in these rocks the eflects
of crushing and shearing are most in evidence, yielding such rocks
as phyllites, slates, sericite-schists, talc-schists and the like. Cer-
tain other effects are only seen localised about particular horizons,
such as the crushed conglomerate or mylonite which occurs just
below the middle overthrust.

Moreover, in these rocks, we no longer have evidenee of recum-
bent folding. Where the rocks have yielded, it has taken the form
of reversed faults, and small overthrusts, the latter well seen in the
Blaini beds beneath the lowest overthrust, near Badgala.

In the Chail and Jaunsar series, a phyllite with an incipient
puckering, seen as a kind of wavy corrugation on the cleavage sur-
face, with abundant sericite, is a very common variety of rock. A
conglomerate occurring in the Jaunsar series near Kufar (36/986)
shows the effects of intense crushing, the pebbles, which are mostly
of hard quartzite, being shearcd and drawn out, the chief minera-
logical changes being localised about surfaces of friction.

All these rocks have been described above under their appro-
priate headings, and need not he referred to in detail again. It is
of interest, however, to note the new minerals which have been
formed,—sericite, tale, haematite, and chlorite; that is to say pro-
ducts which are formed by the breaking down of minerals by reae-
tions which are essentially exothermic, corresponding to Van Hise’s
katamorphism. Moreover they are all minerals which are placed
by Grubenmann in his upper or epi zone, which is formed under
the conditions of high shearing-stress and low temperature.

This then concludes our account of the metamorphism.

From the evidence availuble, it seems fairly clear that the meta-
morphism of the Jutogh rocks must have taken place towards the
end of or just after the main recumbent folding. For had the fold-
ing taken place after the metamorphism, the effects of the latter
would not have shewn the same orderly arrangement in space which
they undoubtedly do. Had the metamorphism taken place prior
to the recumbent folding, we should have found it impossible to
make out any zonary arrangement. We might, for example, have
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found that the lower carbonaceous band and its associated rocks
were as highly metamorphosed or more metamorphosed than the
upper band. As it is we see that the grade of metamorphism is re-
lated to the nearness of the granite, and its distribution has not
been affected by the folding.

We are forced to conclude, therefore, that this recumbent folding
cannot have taken place at the same time as or have had any con-
nection with the later movements which were the cause of the over-
thrusting, and which were clearly later than the metamorphism.

Not only is the metamorphism of some importance, in deter-
mining the order of certain events (summarised on pp. 128—131) ; it is
also of interest in seeming to support the general principle empha-
sised by Harker, that metamorphism generally takes place at a
time when the earth’s crust is in a disturbed state, and when the
temperature gradient prevailing has little relation to the depth,
especially if the metamorphism is accompanied by igneous intrusion
(Harker, 1918). This is in disagreement with Grubenmann’s sup-
position that both temperature and shearing stress during meta-
morphism are roughly functions of depth beneath the surface. In
our own area we find that the highest grade metamorphism on the
west and south sides of the Chor Mountain, for reasons already

given, actually occurs highest in altitude.

Stratigraphy of the Jutogh series of the Chor &rea : recumbent folding,

Having dealt thus briefly with the lithology and metamorphism
of the uppermost or oldest zone of the Chor area it remains to de-
scribe the stratigraphical relations of the various outerops of the
Jutogh series in that area, so far as our work enables us to arrive
at definite conclusions. The most important result which emerges
from our observations is the existence of recumbent folding in the
Jutogh series, and our line of argument will be mainly directed
towards the demonstration of this phenomenon. It should be stated
that in this Chor area the subdivision of the Jutogh series into the
carbonaceous beds and the Boileaugunge beds has only been made over
a limited area, so that on the map the sub-divisions end abruptly,

We have already stated that the rocks at Rajgarh and on the

ascent from that village up to the crest of the Sain Dhar south of
peak 5740 may be corrclated without much

D&jfxaom?nd Sain question with the Jutogh series. The black
crystalline carbonaceous limestone 1is very
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well seen where the road from Rajgarh reaches the crest of Sain
Dhar (36/679). Here the limestone contains abundant crystals of
amphibole, which weather out on the surface of the rock. General-
ly they are arranged in radiating bundles, and owing to the car-
bonaceous character of the rock they are quite black. The lime-
stone is interbedded with quartzose schists, muscovite-schists and
some darker slates. There is also a yellow, much decomposed rock
containing flakes of & pale green mica. It is quite a thin band, but
1t has been found in association with the black limestone and the
carbonaceous slates by hill 7020 on the Nauraghat-Shamra spur,
and increases the certainty of our correlation of the latter outcrops.

The evidence for the recumbent folding in the Jutogh series,
as we shall show, is very strong, and the correlation of these highly
metamorphosed limestones, slates, schists and quartzites of the Chor
area with those of Simla and Jutogh cannot be doubted.

No doubt can be entertained as to the repetition of the carbo-
naceous rocks in numerous sections which we have seen; the bands
are identical in every detail including carbo-
naceous slates, carbonaceous limestones, . and
some extremely characteristic carbonaceous ash beds, slaggy and
pitted with small holes, from which some mineral has evidently
been removed.

At Rajgarh, the repetition of the carbonaceous band is to be
seen in the surrounding hills, the intervening rocks being massive
quartzites, which clearly represent the Boileaugunge quartzites.
The latter are well seen on the south-west side of Sain Dhar.

Figure 12 is a sketch showing the hills to the west of Rajgarh
looking north-east up the Sheola Khala, from the neighbourhood
of Dharoti. The sketch shows roughly the distribution of the rocks,
and in particular the repetition of the carbonaceous beds.

Repetition of the beds.

<, o
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RKagzasn-Dharer. 89
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¥F1a, 12.—Bketch of the hille near Rajgarh showing the distribution of the Jutogh
beds, with faulting omitted. Distance across about 3 milea.
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It might however be argued that the repetition of the beds is
due not to folding but to reversed faulting, or rather overthrusting,
seeing that for long distances the northerly dip of the beds is so
gentle that the strata are practically horizontal. This possibility
is at once precluded after detailed examination of each outcrop.

The section which affords the clearest proof of the recumbent

Section from Chab- folding is seen on the north-south ridge run-
dbar northward. ning from hill 8218 known as Chabdhar.

The detailed sequence of the beds between Chabdhar and hill
8112, a distance of 3} miles direct, is as follows :—(Corresponding
beds in the two outcrops are indicated by the same number).

North,
(1) Lower limestone (with slate bands) . . . . Hill 8112
(2) Carbounaceous slates . . .
(3) Upper limestone (with abundant mlca) . .
(4) Carbonaceous slates (pitted) . . . . . Hill 8332
(5) Garnetiferous schistose carbonaceous slates . . . (From  Dum-ke.
(6) Boileaugunge quartzites and schists, thick . . .4 Bagh to the foot
(5) Slightly carbonaceous mica schists . . . . Lof Hill 8332,
(4) Carbonaceous slates (pitted) . ..
(3) Upper carbonaceous limestone (micaceons) 100 feet . Chab Dhar,

(2) Carbonacecus glates, 50 feet
(1) Lower carbonaceous limestone with sla.te bands 200 feet .

Slightly carbonaceons schistose slates . . . . South.

The two limestone bands differ markedly from one another and
these differences are readily distinguishable in both limbs of the
fold. The only difference between the beds in the two limbs con-
gists in the grade of metamorphism which they exhibit. Thus
the upper band shows a development of garnet in its lowest bed
which is absent from the highest bed of the lower band ; amphiboie
is sometimes present in the limestone of the upper band, but was
not seen in the lower band. As has been explained above when
discussing the metamorphism of the area, such differences are perfectly
natural considering how much nearer the upper band lies to the
Chor granite.

This section, therefore, shows very clearly that there is a long
almost horizontal fold in the Jutogh rocks, of which the core con-
gists of Boileaugunge quartzites.

TFurther north along this ridge, beyond hill 8112, there is a
gentle northerly dip, and the upper carbonaceous band is succeed-
ed by garnet-inica-schists, gneisses and quartzites up to Haripur.
The authors have not examined this part in detail, but along the
ridge running east from Haripur they found two separate beds of
the carbonaceous slates and limestone, separated by quartzites and
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dark grey phyllites. If these latter correspond to the massive
quartzites seen between Dum-ke-Bagh and hill 8332, then they
have got very much thinner. It may be that the fold is closing in
this direction, so that the quartzites occupying the core of the fold
are dying out. This, however, cannot be decided until further
mappmg has been done. The lowest outcrop of the carbonaceous
rocks is underlain by dark grey phyllites, which are possibly the
Chail series. They are probably the same as those which have been
described in a similar position on page 23 where their correlation
is discussed.
Similar evidence of recumbent folding, though not quite so deci-
sive, i8 seen on the spur runni south from
segﬁ,‘::aghut'smmm Nauraghat through Shlamra I:,x:)mgKv.xfar. South
of Nauraghat are two bands of white marble
separated by quartzites, garnetiferous mica-schists and gneisses.
The second marble band is succeeded to the south by quartzites and
schists and then follows the sequence of rocks which is tabulated
below. The numbering, as before, denotes the beds which are
assumed to correspond. The dip is low to the N.N.E. Immediate-
ly below the lowest limestone comes the thrust plane on Pyriya
Ghat which separates the Jutogh from the Chail seriecs as mention-
ed on page 34. The centre of the fold must come a little north of
Shamra,

Quartzites. North.
Carbonaocous slates (including yellow rock with green Chaur Dhar.
mica).

(1) Carbonaceous limestone, thick . . . . .

(2) Carhonaceous slates, thick . . . . . . A1

(3) Carbonaceous limestone, thin . . . . .

(4) Quartzite, thin .

(5) Pitted carbonaceous aiates, thm

(8) Massive quartzites, thick . . . . .

(7) Chlorite-schists . . . . . . . . Immediately
Schistose slates . . . . . . . . above Shamra.
Quartzites . . . . .

(7) Chlorite-schists .
Grey schistose slates .
Schistose slates and quartz:tes

(6) Massive quartzites, thick . . . . . . D 6792
(5) Pitted carbonaceous slates, thin . . . . .
(4) Quartzite, thin . . . . . . .
(2) Carhonaceons slates, think . . . . . .
(1) Carbonaceous limestone, thick . . . . .
OVERTFRUST.
Grey slates . . . . . . . Pyriya Ghat,
Talcose quartzites . . . . .
Talo-schists, ete. . . . . . Sounth.
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The evidence of repetition here, in conjunction with the other
evidence, dispels any remaining doubt. '
In the sequence of these beds as given above, one particular
difference in the two limbs of the fold is worth considering. Where-
_ as in the upper limb there are two bands of
fol?h?:;?lexlty of the limestone, in the lower there is only one. The
former seem to be the same bed repeated by
folding. Where this same limb is continued to the east, above
Punnar, three similar beds of limestone are seen. Now none of
these beds show the marked differences that are seen in the two
beds of limestone by Chabdhar, the first recumbent fold described
above. It is thought, therefore, that in this area by Shamra and
Punnar there is only one band, and that where it is seen more than
once it is due to repetition by folding. Though the large-scale
recumbent folding is clear from the distribution of the major rock
divisions, each fold is in reality very complex, there being a number
of secondary folds developed. The diagram in figure 13 will help to
make this clear.

B Carbonaceous
Ql:\\, beds

T o - s T am wn =
— ——

Boileaugunge beds

Carbonaceous
beds

Fra. 13.-~Diagrammatic representation of the folding in the Jutugh series.

The thick line represents a particular horizon in the carbonaceous
beds, say the limestone. The dotted line gives the limits of the
carbonaceous beds as a whole. The complete fold is shewn, though
the left half where the fold is supposed to close is of course up in
the air and not seen. Now if a certain section happens to cut the
band as at A. A. then only one bed of limestone is seen. But if it
cuts it at B. B. then three beds will be seen in the one scction. The
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former corresponds to what is seen in the lower limb, south of
Shamra ; while the second may represent the section seen above
Punnar.

Mention has been made above (p. 77) of two bands of white
marble between Nauraghat and hill 7020. The southernmost of
these crops out nearly half a mile north-east
of hill 7096 ; it is some DO feet thick and con-
tains orystals of green actinolite, tremolite and little granules of
iron pyrites (36/695 and 36/700). Alternating quartzites and
garnetiferous mica schists separate it from another band half a mile
south of Nauraghat ; this outcrop is broader than the former one
but is probably no thicker, since it is somewhat folded. Horn-
blende schists, clearly intrusive into the marble, in some cases
running across the strike, in others forming thin streaks interbedded
with it, are very abundant here. On the next high ridge running
north and south, east of the one which we examined, Medlicott
mentions a band of coarsely crystalline white limestone near Chorna
(1864, p. 44). A similar band of white marble with tremolite occurs
a little south-west of Didag. The junior author has investigated
this in some detail and is referred to below.

The entirely different appearance of this white marble from the
typical Jutogh carbonaceous limestone at first raised a doubt in
) our minds as to whether it might not repre-
th;:: b?,:’;:.]ﬁﬂ if,h“,,';‘.,fi‘i; sent a different horizon. It lglm.s, howzser,
a local variant of the heen found that the two rocks contain the
oarbonaceous limestone. . .
same  accessory minerals. Further ‘every
gradation can be found between them, the white marble occasion-
ally passing along the strike into a dark grey variety. Certain out-
crops of the white marble contain thin black bands identical in
appearance to the ordinary black limestone (36/959), while out-
crops of the black limestone in their turn sometimes contain white
bands. Associated with the marbles are thin beds which are slight-
ly carbonaceous, and would seem to correspond to the much more
carbonaceous slates associated with the black limestone. On the
whole we can hardly doubt that the white marbles ropresent a
special facies of the more usual black limestone, and accordingly on
the map the two white marble bands and the two bands of car-
bonaceous slate and limestone are represented by the same colour.
On page 81 below, a tentative suggestion is offered to account
for the absence of the carbonaceous ingredicnt.

White marble beds.
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It has been shown that the carbonaceous zonme of the Jutoghs
oscurs in two main bands parallel in outcrop and separated by the
Olosing of & fold in Boileaugunge quartzites, forming part of a
the white marble at long recumbent fold. It is natural to suppose
Jarag. that the two bands of white marble represent
another recumbent fold which lies over the former one. In fact
the second author has traced this fold to a point near Jarag, where
it can actually be seen to close. This most interesting exposure
occurs a little south-west of Didag. Here, a little above the village
of Jarag, on the Khanotyo road, there is a fine outcrop of the
white marbles. The band can be traced from the west side of Didag
village, around the head of the main nala following closely the
line of the road. Just south-west of Didag, however, the outcrop
broadens out, and instead of continuing southwards bends sharply
to the north-east, running beneath the south-east side of Jarag

village.
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F1a. 14.—Plan of the neighbourhood of Didag showing the outerop of the white marble.
(Bcale 2 inohes=1 mile,)

A sketch map of this locality is given in figure 14, as the 3" map is
too small to show the outcrop properly. The actual bend over of
the fo%d can be seen very well in section on the road on the south-
west side of the top of the spur, where the rocks associated with the
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marble can be seen in the form of a sharp overturned symeline,
pitching to the E.N.E. Bince the fold is proved to close at this
point, the reason of the non-appearance of the marble further west
is plain. An endeavour was made to join up the upper limb with
the band by Nauraghat, but there appears to be no continuous
outcrop. It may be that the thin band has been sheared out locally,
or is naturally lenticular in character. A small outcrop was, how-
ever, scen by the village of Botani, while boulders were found
above the road, half a mile ENN.E. of Sanyon (sec figure 14).

Now the roots of this fold are obviously far distant, that is to
say it has travelled a long way from the north-east to its present
, . position; thus it may conceivably have come
Possible explanation .
of the absence of the irom an area where {or some reason the condi-
:ﬁ:bmgl‘z;lﬁm“n tions that produced the carbonaceous cha-
' racter did not prevail. This explanation will
equally apply to the rocks associated with the limestones, so that,
if correct, there is no reason to wonder at the fact that the car-
bonaceous slates and pitted ash beds which occur so characteristical-
ly with the black limestone are missing or almost so from the vicinity
of the white marble. The intermediate banded varieties would
appzar to represent deposition in an area in which the factors,
whatever their nature may have been, which gave rise to the car-
bonaceous phenomena, acted intermittently.

We may thus reasonably assume that there are two superposed
folds of the same beds, the one characterized by the predominance
Probability of two ©f White marble which has been proved to
superimposed folds in close to the south-west, the other charac-
the same beds. terized by the predominance of black lime-
stone, which so far as our observations extend has not been seen
to close, although the small thickness of quartzite between the
two carbonaceous bands below Haripur as compared with its much
greater thickness between Dum-ke-Bagh and hill 8332 might point
to a closure towards the north-east. Reasons will be given below,
however, for supposing that in the Simla area, at any rate, the
lowest fold closes to the south-west, and it may be that the same
applies to the Chor area, especially as the next fold but one above
has actually been seen to close to the south-west. The point, how-
ever, will have to Dhe left open until the mapping to the north-east
of Haripur has been completed. In section, figure 1 on Plate I, the
latter interpretation has been assumed.
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V1II.—THE OVERTHRUSTS TRACED WESTWARD INTO THE
SIMLA AREA.
(i) The Jaunsar thrust.
We now return to the country west of the Giri which leads us
on to Simla. It was seen on page 19 that along the boundary of
The Jaunsar over. the Jaunsar thrust the Blaini disappears
thrust. before reaching the Ashni river and the Jaun-
sars rest directly on the Simla slates. The
trace of the thrust is less easily mapped now that the Blaini is gone,
at any rate near the motor road between Kandaghat and Chail,
since it is not always easy to distinguish between the basal Jaunsar
slates and those of the Simla series. Higher up, however, to the
north-west, when the Jaunsar slates give place to quartzite, the
) ... boundary is clear. It probably crosses the
,.idsg“;i tion on the Hirti Hirti ridge about a mile to the south-east
of hill 6474 and then descends gradually to
the Simla motor road, which it crosses at 153 miles from Simla.
It has been stated above (page 21) that the Jaunsar outcrop on
and above the Ashni is a synclinal overturned to the south-west,
. of which the highest beds seen are conglome-
fofmlml:lf;ati?)rgmz?b]y; rates. No horizon much higher than éghjs i8
syncline in the Jaun- geen as far as the railway station of Kanoh,
sare. but between this and hill 6169 a series of cream
and Dbuff coloured splintery slates occupy the whole area between
here and the Hirti ridge. These may possibly be correlated with
somewhat similar splintery slates which are found in the outcrop of
the Simla series for a long way north-west of Simla. As we des-
cend to the north to the Simla motor road these are replaced by
typical Simla slates, which dip under the Chail puckered phyllites
at milestone 141 from Simla, where we draw the trace of the Chail
thrust. The only bed here which might conceivably be Jaunsar is
a variegated schistose bed between the Chail phyllites and the Simla
slates. OQur observations farther to the north-west however lead
us to believe that this bed is probably a fault rock (page 99). Thus
' . . ... the whole north-eastern limb of the Jaunsar
Great diminution in .
width of the Jaunsar Syncline has been cut out. The south-western
outerop on both limbs  ljmh diminishes until at 153 miles from Simla
of the syncline. . .
its outcrop 1s reduced to no more than 50
yards, Between this point and hill 5605 a cross fault runs, which
7 . brings in the Jaunsars again in great force
aunsars brought in . . .
again by a cross fault. including all its typical members from the
conglomerates downward. It also shifts the
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trace of the Jaunsar thrust a quarter of a mile or more to the
south-west.

The Simla series occur at the village of Wakna. A thin string
of limestone occurs in the slates here, noteworthy as possibly cor-

Outorop of the Simla Tesponding to the important outcrops of the
and Blaini series at Nuldera limestone to be mentioned later
Walna. (page 113) which we believe to occur at the
bottom of the Simla series. Near the northern end of the willage
the Blaini again comes in, consisting of two well marked boulder
beds with limestone between as well as the bleached slates. This
outcrop has been referred to by McMahon (1877, p. 206). It has
been traced a considerable way up the hill to the N.N.W. and though
not recognized on the ridge itself is seen below it on the same strike
at the village of Chiama. The boulder bed
was not recognized here, and the limestone
itself is patchy and soon dies out, not being secn in the bed of the
river below Kashmari. At Chiama the Blaini no longer rests on

Blaini  unconform. [He Simla slates as at Wakna but on the
able on the Jaunsar Jaunsar conglomerate, clear evidence of a
conglomerate. great unconformity between the Simla and
Blaini series. Above the Blaini, horizons of the Jaunsar much
lower than the conglomerate are exposed, which are thus thrust
over the conglomerate (Jaunsar thrust).

At Chiama,

The Jaunsar thrust now rapidly approaches the Chail thrust,
until at the village of Ghund it vanishes entirely, being overlapped
The Jeunsar throst PY the Chail thrust. From here for a long
at Ghund overlapped distance to the north-west the Chails are ia
by the Cheil thrust.  (oniact with the Jaunsar conglomerate in
direct continuation of the outcrop of that rock at Chiama. Whether
the Jaunsar thrust ever reappears cannot be stated with certainty.
The possibility that a thin outcrop of quartzite close to the Chails
north of the Kuni river marks the trace of it iz discussed on
page 100.

Let us now return to the Giri valley and trace the Jaunsar thrust
towards the north-west. We shall also describe here the under-
lying beds. It has been seen above (p. 19)

N.%? o}’ ‘1‘,‘,‘;’3&5""‘“ that to the north-east of Karganu the Blaim
crosses the Gir, dipping north-east under the

Jaunsar beds; and that owing to the dip changing to the south-
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west the Blaini and Simla slates reappear further up the river. It
Synclinal fold  of is this outcrop of the Blaini which we will now
Blaini in the Giri river Show to be continuous with the Blaini at Simla.
hear g“izlﬁlgmwﬂ" On the Giri it is overlain by the Jaunsar beds,
) from which it is separated by the Jaunsar over-

thrust. We have already described (page 23) the way in which
the Jaunsar beds die out rapidly when follow-

Ja]u)g;:Es out  of bgtl‘: ed north-east from the Giri, so that they
sides of the Giri. are entirely missing at Rana Ghat. The same
phenomenon is seen in the opposite direction.

The Jaunsar beds occur in great force in the valley of the Baget
above Lakhoti, and on the Naog-Nohan spur they must be quite

Lakhoti and  the 1,590 feet thick,. consisting mail}ly of massive

Naog-Nohan spur. white and purplish-green quartzites and purple

phyllites (37/620), the highest beds being the

soft white and red beds which are so typical of this horizon.
No conglomerates are seen in this section.

Traced to the north-west the beds die out fairly rapidly, or
perhaps one should say are cut out by the Chail thrust. Owing to the
very variable nature of the Jaunsar beds, it is not easy to say exactly how
the beds die out. But it seems that the greater part of the quartzites
are the first beds to vanish, 7.e., the uppermost part of the Jaunsar.

On the Balog spur, near Panhoti, the Jaunsars cannot be more
than 300 feet thick, and they are last seen just
E.N.E. of Nahera, where there are about 40-50
feet of much crushed dark, and in places purplish, slates. At Dhar
they are quite missing, so that it is clear that the Jaunsar thrust
has from this point been overlapped by the overlying Chail thrust.

All the way from the Giri river by Lakhoti up to Simla the Blaini
beds can be followed continuously. From the Giri up to the Chail-

The Blaini fully deve. LKUiTi Toad they are seen in their full develop-
loped from the Giri to ment; but beyond this point they become
the Chail Kufri road. somewhat attenuated until within the im-
mediate vicinity of Simla. The rocks are everywhere nearly hori-
zontal, though from their outcrop as a whole it is clear that a very
gentle south to south-westerly dip prevails.

We will confine ourselves in the first instance to that part of the
outcrop south of the Chail-Kufri road. Throughout this first half

Kiar to south of of the outcrop. we find the usual succession
Panhoti. of beds within the Blaini, the limestone over-

lying the two boulder beds with the bleach

‘ Balog spur.
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slates in between the latter. For a short distance, from Kiar to
south of Panhoti, the lower boulder bed is missing, and it is then
not always easy to fix the boundary hetween the Blaini and the
underlying Simla slates. Typical of the whole outcrop is the way
in which the bleach slates are always seen to be very contorted,
while the beds above and below seem to be unaffected. A very
good section is to be seen in the perpendicular cliffs just under Dhsr,
Here all the beds are weil developed, and
total a thickness of some 380 feet.

Further north-east, owing to the configuration of the ground,
the Blaini outcrop is very irregular. It forms the greater part of
the spur that rune S.S.E. from Koti on the
Chail-Kufri road, though the highest parts of
this spur are capped by Chail beds. All about here the Blaini
limestone is conspicuously developed. An outlier of Blaini occurs
on hill 7058, but the upper boulder bed and limestone have been
denuded.

Two cross-faults affect this area, both having a downthrow
to the S.S.E. The more southerly one is easily detected from the
way the small outlier of Chail beds, forming
hill 7191, is repeated further down the spur;
and also by the repetition of the lower boulder bed east of Nin.
The more northerly one is revealed by the sudden displacement
of the Blaini limestone.

Continuing north and west, before the outcrop reaches the

Attenustion of tho Chail-Kufri road it has lost both the limestm}e
Blaini. and the two boulder beds, and along the main
L Reappearance of the poad only the bleach slates are seen. This poor

ower Blaini boulder ' . -

bed at Shalhodi. development continues for a long way. until at
Shalhodi the lower boulder bed reappears and

continues now all the way to Simla. ‘

In the Ashni river a good section is seen on the right bank.
Here we find the lower boulder bed overlain by the bleach slates,
the latter being about 70 feet thick.

Down the Ashni the Blaini beds are succeeded down stream
by the Chails, puckered and sometimes carbonaceous phyllites.

Inlier of Blaini among About & mile below the bridge,. however, a
the overthrust Chail change of dip to the north-east brings up the
series. : ~ underlying Blaini sgain for a short distance.
This inlier extends for some way up the tributary from the east,

At Dbhar.

Spur 8.8.E, of Koti.

Cross-faulting.
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south of Chaunri and here both the lower boulder bed and the under-
lying Simla slates are seen.

Beyond the Ashni the outcrop of the Blaini is not so simple;

for, owing to the development of an anticlinal fold in these beds,

the outcrop bifurcates, one branch running

Bifurcation of the yp to the north-east to join up with the Simla
Blaini outerop due to an .

anticlinal fold. outcrop, and the other running north-west

up the Sunal valley.

In the Ashni the Blaini beds dip at about 30° to the south-west
beneath the Chail series. On the Junga-Kasumpti road not only
do they dip at a gentle angle beneath the Chail rocks to the north,
but they also dip very steeply beneath them to the south-west.
This sharp anticlinal fold opens out to the north-west, bringing
up an outcrop of the Simla slates from below. In this direction
the upper boulder bed and the limestone reappear, and it was this
outcrop of the Blaini limestone to which McMahon drew attention
(1887, p. 205). Owing to the fold having a north-westerly pitch

The N.W. branch of this outcrop of the Blaini ceases just below
the Blaini ends at Kuw- Kuwara, a fine development of the limestone
ara. being seen in the river bed here. In addi-
tion, a fault on the south-west side of the outcrop cuts off the Blaini
and Simla slates against the Chail phyllites. Nearly horizontal
Simla slates and Chail phyllites can be seen abutting against one
another where the fault crosses the left bank of the stream.

Following now the north-east branch, the limestone and upper

boulder bed reappear once more by Jharech, and from here up to

The N.E. branch con. Sanjauli the full development of the Blaini

tinuous to Simla. is seen. The mapping of this part of the out-
crop is due to Dr. Pascoe.

In the descriptions which we have given of the Blaini beds, it
will have become apparent that there are two different develop-

A double boulder. mMents of these rocks. In the Solon area we
bed not invariably find that beneath the Infra-Krol the Blaini
present in the Blaini.  oongists of a band of pink limestone overly-
ing a boulder bed. In the Simla-Chor area, however, while there
is the usual band of limestone, beneath it there are two boulder
beds, which are separated by what Oldham termed the °bleach’
glates, These two developments overlie typical Simla slates in
both areas.
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When- the double boulder bed was first seen at Dudham, the
authors were disposed to regard it as evidence for a synclinal fold,

Alternative explana. induced beneath the Jaunsar overthrust;
tions of the duplication and they thought that a similar interpreta-
of the boulder bed. tion might be applied to the same develop-
ment of the Blaini at Simla. Since then, however, the intervening
and adjacent areas have been mapped, and there now appear to
be serious difficulties in the way of accepting this view of the struec-
ture.

In the first place the limestone is never seen repeated beneath
the lower boulder bed. If the repetition of the houlder bed had
been due to folding, then one would have expected a similar repeti-
tion of the limestone. It might be suggested that its non-appear-
ance is due to its having been sheared out in the lower limb, or
that it has died out locally. But it is remarkable that it should
have done so in every section. We have now mapped the Blaini
beds continuously from Simla south-eastwards to Badgala above
the Giri; and throughout this area, a ditect distance of 22 miles,
there is never a repetition of the limestone, while the lower boulder
bed is seen the whole way except for about a mile just west of Balog
(p. 85). Moreover, throughout this 22 miles the Blaini beds do
not vary greatly in thickness; so that unless the fold is one of
most remarkable flatness, with no sign of ever closing, it seems
likely that we are dealing with a normal succession.

We are thus driven to conclude that the two boulder beds are
different beds, due to a repetition of the same morainic conditions
or whatever it was which gave rise to their
formation ; though why there is only a single
bed in the Solon area is not at present clear. As previously re-
marked, however, there is still a lot of work to be done around
Solon before a complete understanding of the structure there is
obtained.

We may now consider for a moment the beds which underlie
the Blaini. Throughout more than half this area from the Giri
river to Simla, the Blaini rests directly on the Simla slates. But

Purzling ocourrence for about a third of the way we find an
of the Jaunsars between Outcrop of the Jaunsar series intervening
the Simla clates and betweep the Blaini and Simla series. There
the Blaini. can be little doubt that these beds are the

Conclusions.
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Jaunsar series, for they include massive white and sometimes
purple quartzites, conglomerates both massive and crushed, and
purplish phyllites. To the south-east these beds first appear above
Piran, and they are well seen on the sides of hill 7058, beneath the
capping of Blaini. Near Pajal, on the spur running to the south,
are grey and purple slates; while further south
along this spur there are several beds of conglo-
merate (37/624), one of them rather crushed. On the south-west side
of the hill purple sandstones and slates predominate, and they often
show the peculiar green slickensiding which is so characteristic of the
Jaunsar beds elsewhere. The slaty members commonly show a
cleavage oblique to the original bedding. On the whole there can
be little doubt that we are dealing with an outcrop of the Jaunsar
geries. Their peculiar position, however, needs explaining, ard
the point will be discussed further on (page 119).

These Jaunsar beds are not seen beneath the Blaini above Tar-

hai, and they evidently die out somewhere north-east of Thund.
But- on the north-east side of the Blaini out-
N.E. of Thund and .
Tarhai. crop they are seen for a long way in the same
position, in fact to beyond the Chail Kufri
road. Throughout their extent they are much the same, though
to the north-west conglomerates are not
common.
On the Chail-Kufri road the wall of the road by the 10th mile-
stone is made of these rocks, and they are
also well seen on the Koti-Simla road, above
Khader (37/631). In this direction also, however, they die out,
and by Shalhodi the Blaini is resting on the
usual Simla slates.

Besides this outcrop, a capping of these rocks is found on hill
7225, including a bed of crushed conglomerate (37/626). In the
Chakhred #had the Simla slates are in full
force. But higher up to the north-east these
rocks are overlain by the Jaunsar beds again, the beginning of an
extensive outcrop, the significance of which will be discussed further
on (page 119).

At Piran and Pajal.

Chail-Kufri road.
Khader.

Shalhodi.

Chakhred Khad.

(i) The Chail thrust.

The Chail series We will now describe briefly the Chail rocks

between the Giri river a8 they occur between the Giri valley and
and Sjmla. Simla. ‘



OVERTHRUSTS TRACED INTO THE SIMLA AREA. 89
In the country that oocurs between the Giri and Ashni rivers the
Chail beds are very well developed, though the lowest beds are
The talc-schist band. gen.era.lly miseing. Above the Giri, the tale-
schist band is very typically developed on
both the south and north sides of the Chail-Naog spur (37/619),
varying from 30-60 feet in thickness. Further
north-west, however, where it crosses the
Panhoti spur by the road from Juned, it is scarcely recognisable,
Chail. Kufei road. thO}xgh the associated blue silvery quartz-
schists are typically developed. Nor is it
again properly seen until one reaches the Chail-Kufri road, between
7 and 8 miles from Chail.
As we have previously noted, the Chail thrust cuts out the
Chail series J8unsar thrust in the neighbourhood of Dhar,
directly thrust over and from that point northwards the Chail beds
the Bleini. rest directly on the Blaini,
Beyond the Chail-Kufri road the talc-schist band can be traced
continuously to near Junga. All along here to the south-east
Talc-schist band near Of Junga it 1s typically developed. Beyond
Junga. here, however, it quite dies out, though the
junction which it marks between the Chail phyllites and the
overlying blue quartz-schists is always quite
clear.
Now the Chail thrust crosses the Ashni about half a mile above
the bridge on the Junga-Kasumpti road, in accordance with the
Talo-schist band does PTevailing low south-westerly dip. The hori-
not reach down to the zon of the talc-schist band, however, never
bed of the Ashni river.  opggqeq . for south-west from Junga the rocks
become horizontal, and further on, west of Chail, a gentle north-
easterly dip sets in. Instead, therefore, of crossing the Ashni,
this horizon is found at nearly the same level for a long way on both
sides of the river. On the south-east side of the Ashni it runs first
south-west and then south-east, so as eventually to join up with
the point where we started on the south side
of the Chail-Naog spur. Along this line the
talc-schist band itself comes in near Donu, and continues in force
from there to the south-east.
Opn the porth-west side of the Ashni the Chail rocks, including
the talc-schist band, are well developed along the Junga-Kasumpti
~ road. The talc-schists are seen just below
Jun gaeumpll pole, and from here they can be;l traced to
the north-west as far as Nahera, beyond

Panhoti spurs.

Dies out.

Donu.
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which point they are not well seen, though the horizon they re-

present can be followed. Occasionally the talc-schists themselves

. are seen, as e.g. about a quarter of a mile

,ol{d.alka'smh motor north of Yan, gut about 4,6(?0 feet. The band

eventually reaches the Kalka-Simla motor

road near the 14th milestone, though it is still not typically de-
veloped.

This band can also be followed along the east side of the Ka-
sumpti-Beola spur to as far as below the east side of Chhota Simla.
| It was last seen just above Chhachru. It is
possible that it continues further; but around
the headwaters of this nala, below Barnes Court, nothing can be
seen 17 situ, the ground being covered with slipped masses of the
Jakko carbonaceous slates.

In describing the distribution of the Chail beds, emphasis has
all along been laid on the course of the talc-schist band. For not
only is it easily recognised, but being a thin band it marks a very
definite horizon which often helps to explain the structure. At the
same time, we should point out that throughout the whole of this

o ) area it i8 underlain by the usual puckered gre
e el Bl phyllites (36/929 and 37/647), and overlaingrbz
of the Chail series going  the usual silvery blue quartz-schists and higher
towards Simla. beds of the Chail series. To the north of Beola,
however, the uppermost beds thin or die out against the Jutogh
thrust, and one is probably correct in supposing that the talc-schist
band itself dies out against the thrust somewhere above Mabhana,
although, as noted above, nothing can be seen 4n situ just here.
Anyway, further north, by Shapahan, where there are better exposures,
the talc-schist bed is quite missing, and only the lower Chail phyllites
separate the Blaini from the Jutogh beds.

The Chail series evidently never quite dies out, and a thin band
seems to run right round Jakko to Chadwick spur.

The Chail series We will now return to the Ashni river and
north-westward from trace the Chail thrust to the north-west, at
the Ashni river. the same time noting the characters of the
Chail series as they have been observed in this area.

Kasumpti-Beola spur.

In the Ashni river close to where the mule track to Chail crosses
it the Chail puckered phyllites rest on some soft mottled slates
intensely carbonaceous in places. The latter
are referred to the Jaunsars, and above them
we draw the trace of the Chail thrust.

1n the Ashni river.
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On the Ashni for the first time we are introduced to a horizon of
the Chails which is older than the puckered phyllites. They do net
Lowest horizon of the 8Ppear from beneath the puckered phyllites
Chail series ; slates and until- at least a quarter of & mile north of
limestone. the bridge where they seem to occur as a
shallow dome dipping under the phyllites on all sides. The beds in
question are dark-grey carbonaceous slates and perhaps asre hardly
more than 100 feet thick. Their appearance is quite different from
that of the Chail beds which have heen previously described, and
in addition they show a feature which is to become of considerable
importance further north-west. This is the occurrence of ome or
more lenticles of cream-coloured limestone, clearly interbedded
with the slates. It resembles the Blaini in appearance, and were
it not for its being so clearly interbedded with the Chails, as weil
as on account of the occurrence of limestone in a similar position
farther north-west which is certainly not Blaini, a doubt might
have been entertained as to its true correlation. McMahon (1877,
p. 205) mentions the occurrence of 60 feet of limestcne in the bed
of the Tandalail stream near Badun and again between Badun and
Basna. The authors, unfortunately, failed to find McMahon’s
At Badun outcrop, though they saw a boulder of lime-
) stone in the locality and in the same beds as
those containing limestone in the Ashni. This boulder was banded
and resembled exactly limestone found in a similar position at the
base of the Chails from Gandrori almost to Halog.
We were no more successful in finding tn situ the limestone on
the Simla motor road referred both by Medlicott (1864, pp. 36, 37)
Chail limestone on and McMahon (1877, p. 206) to the Blaini.
the Kalka-Simla motor There are, however, boulders of a blue lime-
road. stone 14} miles from Simla both above and
below the road, close to the trace of the Chail thrust, which we have
no doubt is the limestone in question. McMahon, it is true, stated
that it was 13} miles from Simla, but it is probable that the road
has been made to follow an easier and more circuitous course

) gince McMabon’s day. The outcrop has ve
mz,: ?,'fabd fault likely been covered up Ly debrils) producerz
in the course of road construction. Oldbam
(unpublished report) did not consider that it was Blaini, and we
entirely agree with him.
Between the puckered phyllites and the Blaini a peculiar varie-
gated echistosc rock occurs containing fragments of a grey slate.
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This has been found in several localities in the same position, and
we are unable to decide whether it is a fault rock, or a thin remnant
of Jaunsar (see pages 97-99).

In this locality the boundary of the Chails is uncertain to the
north-west of the motor road, since we did not follow it very far,
and cannot be sure that it has been shifted by the cross fault men-
tioned on page 82, but it is likely that such is the case.

A limestone was found at Gandrori in a precisely similar posi-
tion, associated with the variegated schist, and interbedded with
glates, which leave us in no doubt that it
belongs to the basal beds of the Chails. This
limestone is finely banded, like the boulder seen at Badun and this
is the most characteristic type met with in the Chails; at the same
time the Chail limestone as seen in its many outcrops presents a
very varied character, being sometimes coarsely banded and some-
times not at all. It is also of various degrees of purity, and its
colour is equaliy variable, being either blue, brown, or cream.

Chail limestone from It seems to be invariably lenticular but the
the Gambhar to the lenficles range in thickness from an inch or
Kuni river, mapped by two interbedded with grey slates up to 50
MoMahon as Blaini feet or more. It 1s gt‘,rhi)r; limestonz which
McMahon has mapped as Blaini (1877) from the Gambhar to the
Kuni river associating with it the Jaunsar conglomerate which he
identifies with the Blaini boulder bed. It has been stated above
that from Ghund onward the two are found in contact or nearly
go, only separated by the Chail thrust. Medlicott also (1864, p. 38)
has identified the Chail limestone and the Jaunsar congomerate
on a portion of this outcrop below Sairi Hill, 5206, with the Blaini
series.

An intensely carbonaceous schist has been seen in many places
just above the limestone, notably in the Gambhar at Sharer, and
in the Kuni. '

The maximum development of the limestone in this area is
between Bakesu and Mamlig. North of Sharer it becomes insigni-

A B ficant in amount though its associated beds

akesu  and . .
Mamlig. are present, and its last occurrence is on the
Halog ridge § mile N.E. of the post office.
From here on to Simla there is no limestone in the Chails, nor are

Dying out of the the slates present. The variegated schist is
Chail limestone between  often present but it is in contact with the
Holog and Simla. puckered phyllites, from which we conclude

At Gandrori.
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that it is not a bed in the Chails but either & fault rock or & remnant
of Jaunsar. A strongly carbonaceous bed was seen near Doche
almost at the thrust plane, which is reminiscent of the one mentioned
above associated with limestone.
Between the limestone with its associated slates and the pucker-
ed phyllites there often oecur some thickness of mottled lavender,
Mottled  schistone red and cream soft schistose slates. These
slates above the lime. were particularly noticeable at Bakesu, west
stone at Bakesu, Sairi of Sairi and between Karisuri and Sharer.
and Sharer.
Regarding the structure of the Chail outcrop as a whole in this
area, there seems little doubt that it is a syncline overturned to the
) west or south-west, of which the north-
The Chail ovterop . . . . ‘
an isosyncline.  eastern limb is missing to a greater or less
extent. The bhighest beds seen are quarta-
schists and massive quartzites. The latter are only seen on the
highest ground. They were particularly well seen on hill 5064
. .. nearly a mile N.E. of Sairi. Here the
Gppermost - onait (R de nto quartz-schiste and. then
into the puckered phyllites, but between
these two sets of beds there is no sign of the talc-quartz-schist ;
but in this area this bed is much more inconstent and less charac-
teristic than is the case in the Chor area. Feeble exposures of the
massive quartzite were seen on the Simla motor road at milestone
127 just south of Kathlighat railway station. Quartz-schists
occur on either side of it and on the north-east side of these is what
the senior author took to be an uncharacteristic exposure of the
talc schist; a more charactenstic one was seen on the south-west
side by the 14th milestone. Along the motor road we now pass up
the south-west into typical puckered phyllites which continue on
to the Chail thrust at 14} miles from Simla. North of Kathlighat
station the puckered phyllites are not at all typical. Thrust over
them is an uncharacteristic exposure of the carbonaceous zome of
the Jutogh seriea.
Another feeble exposure of massive quartzite in the midst of
quartz schists was seen at Manjat, about } mile north of the Pateri-
Repotition of the ka-Deo, & tributary of the Kuni river. On
talc-schist band and the either side of these beds are a zone of charac-

P\l:ﬁemdf b P'i,)'liiteﬁ teristic silvery talcose quartz schists; and
kaDeo - € TR 1oth on the western as well as on the eastern

side of these are typical puckered phyllites, in
1
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the former case at{iBatol, in the latter between the Pateri-ka-Deo
and Kaflead. The evidence for repetition of the beds seems to be
perfectly clear. It is just possible that somewhere against the
Jutogh thrust the Chail limestone and slate zone may be reached.
Nothing definite can be stated as to this since the junction between
the Chails and the Jutoghs was not actually seen here, and the
boundary has only approximately been mapped in.

North of the Kuni the Chails begin to thin out and become rather
less typical. The basal limestone and slates are overlain by pucker-

Thinning out of the ed phyl]ites,. but these are often paler in
Chails between Halog colour than is the case in the Chor area, and
end Simla. there is no sign of the talc-schist, though
below Halog some grey quartz-schists are seen. To the south-east
of Halog, when the strike has entirely bent round, the Chails thin
out rapidly, until at Gharog there are only about 150 feet left,
consisting wholly of the grey or lavender puckered phyllites. On
the Chadwick spur about 1} mile almost due north of Viceregal
A slight rownent Lodge, Sinla, some 50 feet of the Chail phy-
present everywhere in  1lites are clearly exposed. Oldham mapped
Simla. these here, as he has done in every other case,
with the Jutogh carbonaceous beds. On the north side of Jakko
14ill, Chail phyllites are seen in contact with the Blaini on the Snow-
don road and are found for a distance of 30 feet above it. It is
probable that a remnant of them exists everywhere between the
Jutoghs and the Blaini.

I1X.—OUTCROPS TO THE WEST OF THE CHAIL THRUST
TOWARDS ARKI AND SABATHU.

Wo shall now consider the outcrops which lie to the west of
the Chail thrust in the area between Halog and the Simla motor
Qutcrops west of ths road. Only partial traverses have been made
Chail thruss. here and there in this direction, and the
_ ' boundaries on the map are therefore almost
entirely approximate ; but the general structure seems clear. Some
of the outcrops of Blaini put in on the western margin of the map

are v accordance with what can be deduced irom Medlicott’s and
McMahon’s observations,
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It has been siated (page 83) that frum the point where the Jaun-
sar thrust vanishes from sight pear Glund, Jaunsar couglomersies
8 plintory slates corro- and quartzites are m contect with the basal
lated with tbe Bimia. Chails as {ar as Sharer, Usnderlying  thesc
ulates. are a serics of splintery slates, generully grey,
occasionally purple or cream, Thesc bear an extraordinarily close
resemblance, on the one hand (0 the beds described ou the Hirti
ridge above Kiarighat, separating the Simle motor i10ad from the
railway, (page 82), and on the other hand to the beds underlyiug
the Blaini series between Simla and Halog, which huve been accept-
ed as the Simla slates; we, therefore, have little hesitation in
regarding the beds in question in all these areas as such. The out-
‘crop we are now considering shows signs of being intensely folded,
but the average dip is to the east or north-cast.

During a traverse made along the road from Sairi to Sabatiwu,
where the most complete examination of these beds was made, &
small outcrop of Sabathu limestone and shales was seen in the

Subathu beds ay Sblntery slates immediately to the east of
Dochi on the Sairi- hill 4060, This 18 undoubted:y the outcrop
Sabathiu road. mentioned by McMahon (1877, p. 206)
near Dochi and doubtfully referred by him to the Blaini. Not
only, however, is the limestone of a blue colour, but it contains
poor sections of shells and 18 in contact with typical Sabathu shalea.

Nearly the whole of hill 4060 and the higher ground to the
north and south of it is composed of the typical Jaunsar conglo-

Jounsar  conglome- merate which dips under the Simia splintery
rato thrust over a folded grey slates. lIn contact with the Jaunsar
vatorop of Blaini and  gonglomerate in several places, tho often
:Ejrflzzmﬂ: (1) the Giri wi:ﬁ a discordant dip, isp the typigflh B.aini

" boulder bed and immediateiy below it is the
Biaini crcam limestone, The Blaini limestonc followed by the
boulder bed crops out again on the road about § mile S.8.K. ot
hill 4060, and between the two outcrops of Blaimi the typical
Infra-Krol beds are exposed, pale white or cream slates with gritty
bands, considerably contorted. Beyond the second band of Biaini
are again Infra-Krols. Medlicott (1864, p. 5) states that the Blaiw
is several times repeated both between Haut (Kunihar) and the Sain
hills, about Bil and on the spur north of Haripur, McMahon's
observations (1374, pp. 207, 208) also enable us to put in approx-
imately a third band of Blaini to the west of the two deseribed

12
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above. The junction between the Blaini and the Jaunsar is un-
doubtedly a faulted one, and we suspect, if followed to the south-
east, would prove to be the Giri thrust plane. Both the fall of
altitude as well as the south-easterly pitch of the folds have con-
tributed to the disappearance of the Krol limestone of the Krol
hill by denudation.

With regard to the broad outcrop to the west of the Chail thrust
the repetition of the Jaunsar conglomerate on either margin and

. : the intermediate folded splintery grey slates
t,hz hc?h::ll:c an ‘,";ifﬁy‘,lf leave us in no doubt tIlJlat, like grthe Chail
Slinal of Jaunsars and out:rop, it is a syncline overturned to the

west.

It is doubtful where the Simla slate outcrop ends in a south-
easterly direction, as the boundary has not been closely followed,
and on the map (Plate I) must be regarded as approximate only.
It would seem that in the neighbourhood of Chiama and Wakna
an anticlinal fold must succeed the syncline on its eastern side, in
order to bring in the narrow bands of Blaini. The great thickness
of the Jaunsar conglomerate at- Chiama also suggests that it is a
double band.

Before leaving this portion we may make a comment on
McMahon's map and remark : as to the occurrence of the Blaini between

The double band of —harer and Banjan. The limestone at Sharer
Blaini mapped by has already been stated (page 92) to belong

MoMahon between i i i ign ©
Sharor and Banjan nt to the Chail series. There is no sign of a
confirmed. second band of limestone  anywhere near

Sharer nor was any other formation seen to the
west of the Jaunsar conglomerates and quartzites except the grey
splintery slates of the Simla series. We gather from his omission
of village names between Sharer and Banjan that McMahon equally
saw 1no limestone between these two places, so that the mistake
arose from a too rash interpolation.

To the north of Sharer the interpretation of the outcrops between
the Chail thrust and the Simla series is difficult. It will he simplest

Outerops west of the to give the (.k?tails of a series of sections in
gl};au thrust between different localities, and then state the deduc-
8 d Hal | tions whi
ord o Simia = 404 tions which we draw from them.

The Jaunsar conglomerate, at any rate in its typical form as
seen &t Sharer, has disappeared when the Kuni river is reached.
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A small outcrop of quartzite and dark grey slate here occurs below
the Chail limestone and slate. This is assumed to be Jaunsar.
At Ghech less than } mile north-north-west of the Kuni the fol-
lowing succession is seen below the Chail pbyllites.

Chail phyllites.

Pnle-eokmrcd alntes 20 ft (1 Blaini bleach slates),
Cream-coloured limestone 6 ft. (? Blaini limestone).

Grey non-fissile slate without boulders (1= Blaini bovilder Led).
Purple and grey elates 80 {t.

Messive quartzite 10 ft.

Grey splintery slates (Simla serior).

At Pau ka Ghat little more than } mile north of this we find in
descending sequence
Chail slates with interbedded limestone.

------------------------

Variegated mhmtoae bed with quartz and slate fragments 10 fi.
Quartzite with tiny pebbles 5 ft.

Ferruginous laterite 10 ft. (Subathu).

Mottled elates 30 ft.

Brown and purple micaceous sandstone (Bimla series).

At Bandla nearly } mile north-north-west of Pau ka Ghat we bave
Chail dark slates with limestone bands.
Quartzite with small pebblea 15 ft.
Blue limestone (Subathu) 5 ft.
Red pigolitic laterite (Snhathu) 10 ft.
Purple micaceous sandstone (fimla series).

At Jamlog nearly § mile north of Bandla
Chail puckered pbyllites.

White quartzite & ft.
Pisolitic laterite 10 ft. (Subathu).
Purple slates (Simla series).

At Dharel 1} miles N.N.W. of Jamlog
Chail dark bluish grey slates with interbedded limestone.

Whlun quartzite 20 ft.

Variegated schist.

Pink limestone (Riaini) 30 ft.

Purple and grey elates (Simla series).
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At Pallaini Ghat } mile N.N.W. of Dharel
Chail slates with interbedded limestone.

Varlega.ted sohmt 20 ft

Brown ferruginous rock 10 ft.

Grey non-fissile slates without boulders 10 ft. (? Blaini).
Cream and reddish splintery slates (? Blaini).

Purplo and grey slates {Simla series).

1 mile N.N.E. of Pallaini Ghat below Piroi
Chail beds (exposures bad).

Da.rk blue limestone (Subathu).
Brownigh sandy limestone (? Blaini).

On the Piroi col } mile north of the last locality
Chail phyllites
Variegated echist.
White quartzite.
Farruginous bed with pellets 1 ft. (? Subathu).
Pink Kwmestone 5 ft. (Blaini).
Grey non issible slates without bouldera (? Blaini).
Red and cream splintery slates.
Purple and grey splintery slates (Simla series).

Kufri, on the Ghorap spur } mile W. of Halog.

('hail phyllites with ocoasional brown ferruginons impure limestcne.
Variegated schist 20 ft.

White quartzite 20 ft. '

(troy non-fissile slates without boulders (? Blaini).

Groy splintery elates with coneretionary stractures (Simla series).

Jubar 3% miles S.E. of Halog.
Chail phyllites.
Chail carbonaocoua sehist,
Variegated schist.
White quartzite.
Cream limestonae (Blaini).
Dark brown clay.
Grey non-fissile slates without bouldera (? Blaini),
Red and cream slates,
Grey splintery slates (Simla series),
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Panti about 1} miles S.E. of Jubar.
Chail phyllites (not well exposed).

Grey jointed slates.

White quartzite 10 ft.

Cream limestone 5 ft. not seen on the ridge (Blaini),
Whitish slates 50 ft. (Blaini).

Grey slate with boulders 15 ft. (Blaini).

Purple and grey splintery alates (Simla series).

Chadwick spur, 1} miles north of Viceregal Lodge, Simla,
Chail phyllites.

Veariegated sobist and shale 5 ft.

Limestone ? 3 ft. (Blaini).

Grey micaceous sandstone ? 4 ft.

Grey splintery slates 10 ft.

Red alates ? 3 ft.

Limestone 10 ft. (Blaini).

Whitish slates 100 1. (Blaini).

Grey alate with boulders (Blaini).

Grey and purple splintery slates (Simla series).

From the above sections, and from observations which have
been 1ecorded elsewhere, we may come to certain «onclusione :—(1)
that the variegated schist is not a bed belong-
ing to the Chail series since it is not associated
invariably with the same beds; (2) that it was not originally strati-

) . fied with the white quartzite although it often
The variegated schist oy . . .
probably a fault rock, occurs with it, because it often is found in
gections where the white quartzite is abeent ;
(3) since it is invariably found close to a thrust plane and since it
contains fragments of slate and other rock it probably represents
Thin band of white & [2Ult conglomerate, (4) the white quartzite
quartzite probably i probab]y Jaunsar since no similar rock is
Jaunsar. known from either the Chails or the Sim'a
series ; moreover it appears to be occasionally pebbly, inviting a
comparison with the Jaunsar conglomerate.

Since the white quartzite occurs in approximately the same
position and on the same strike as the Jaunsar conglomerate, where

Stratigraphical  re- the latter was seen at Sharer we are tempted
lations of the white to regard it as the same bed on the eastern
quartzite. limb of the syncline. There is a difference.
however :—outcrops of Blaini and Subathu frequently separate

Conclusions.
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the white quartzite from the Simla slates. We already have evi-
dence from the Subathu outcrop between Haripur and Sairi and
from the continuous junctions between the Blaini and the Simla
slates both at Simla and to the south-east of it, that both these
beds rest unconformably on the Simla slates and, in the former
case, have probably been pinched in by it in folding. It seems to
the autbors more likely that the white quartzite is a remnant of
the overthrusting portion of the Jaunsar, which was overlapped
by the Chail thrust at Ghund and has now appeared from beneath
it. The Blaini at Ghech will be an unconformable deposit on the
Jaunsar, although it is not certain that the purple slates underlying
it are not really Simla_ slates. We are forced to admit, however
that our evidence is not conclusive, and that the Jaunsar thrust
may possibly not again reappear on this cide of Simla.

X.—THE JUTOGH SERIES OF SIMLA.

We npext pass to the Simla and Jutogh outcrops. The Chail
and Jaunear thrust planes, whose existence has been demonstrated
The isolation of the in the Chor area, have been traced into Simla
Simla outerop from thet POth from the north-west and from the south-
gimfg:ﬁu‘f]h" due to eagt, Although the Jutogh series is isolated
. from the outcrop of the same rocks in the Chor
area, yet it seems certain that this isolation is due merely to denuda-
tion later than the overthrusting postulated. Two isolated out-
crops of the Jutogh series capping the high hills at Chail and Bha-
lawag, half way between Simla and the Chor area, already referred
to on pages 23-24, support this view. In both cases only the lowest
beds are seen, the overlying Boileaugunge quartzites having been
removed by denudation. The hypothesis which we have found to
fit the observed facts go well in the Chor area may, therefore, be
fearlessly applied at Simla.
In interpreting the structure of the Simla rocks on this hypo-
thesis, the existence of a series of long recumbent folds is only
Recumbent jold What n;}ight be expected, and in regarding
structure applicable to the various alternations of carbonaceous lime-
Simla; stones, schists and quartzites as repetitions
of the same heds rather than a continuous stratigraphical succes-
sion, we are not only adopting an interpretation of the structure



THE JOTOGH SERIES OF BIMLA. SR 191

which would naturally be expected with thrusts of the alpime type,
but also what we have good cause to think is also the structure of
similar outcrops of this series on the Nauraghat—S8hamra spur
and between Chabdhar and Haripur.

We have gone over most of the area both at Simla and Jutogh
with the help of Oldham’s excellent map on the scale of 3 inches to
1 mile and Hayden’s more detailed map of Jutogh on a scale of 16
inches to 1 mile, which has never been published, and we find that
the outcrops lend themselves perfectly to such an interpretation,
The folding which we have concluded to exist at Simla and Jutogh
is represented in the section, Plate I. figure 2.

Oldham states that there are three distinct bands of limestone
on Jutogh Hill, separated by schistse and quartzites, of which only

Oldbam’s views on the lowest band is left on Prospect Hill. All
the structure. of this he assumes to be stratigraphically
higher than the Boileaugunge quartzites and
the Jakko carbonaceous slates, A fourth band is mentioned at the
base of the Jakko slates, exposed on the spur east of Annandsle.
These occurrences we have verified, but we differ from Oldbham,
in that we regard them as one and the same band folded on itself
as shown in the section (Plate I, figure 2).

In the first place the Annandale limestone and the associated

black, slaty beds bear too close & resemblance both to the other
. o outcrops on Prospect Hill and Jutogh as well
mi},‘;‘_“"’“" for disagree- ¢ to the outcrops of black limestonegand slate
seen at Rajgarbh, Olong, Chabdhar, and other

places, to make it reasonable to suppose that a bed of such a
characteristic and wide-spread type should at Simla be repeated
at two horizons separated by 1000 feet of quartzites and schists.
In eddition, we find that similar types of associated limestone and
black slates occur in at any rate one of Oldham’s upper limestone
bands, which crops out below the top of peak 6778 in Jutogh. More-
over, since the exact succession of limestone, slaty schists, quartz-
schists and quarteite are maintained, even though the  thickness
of each band may vary in the individual outcrops, we feel it to be
unreasonable to suppose that such a succession of beds was de-
posited at successive geological horizons. The varying thickness
of the individual beds and especially of the quartzite band on Jutogh
Hill and near the top of Jakko may be explained without unduly
straining the facts if we suppose that it has been squeezed out by
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the preasure of the two sides of the fold, which have been brought
nearly into contact. "

On the Ridge and on Jakko only the lower carbonaceous band
and the Boileaugunge quartzites and schists are seen; but to the
west, in the direction of the dip, on Prospect Hill and on Jutogh.
another overlying fold of the Jutogh series is found, and it is with
the rocks seen here that we will now concern ourselves.

A glance at the rock sequence as given on the legend of Hay-
den’s Jutogh sheet (unpublished) shows at once some interesting
Sections at Jutogh.  points. The following sequence is given:—

(d) Upper quartzite

(¢) Upper carbonaceous schist.
(b) Upper limestone.

(a) Upper mica-schist.

(b) Quarry limestone.

(¢) Lower limestone and schists.
(d) Boileaugunge quartzite,

Below the Boileaugunge quartzite come of course the Jakko
carbonaceous slates, though they are not actually seen on this sheet.

Now if we examine the sequence given above, paying attention
to the rock types, it will be seen that there is a repetition of the
beds about the ‘upper mica-schist,” as shewn
by the lettering which has here been attached.
The only discrepancy is that in the upper (c) there is no limestone
mentioned. To be correct, however, the two groups (b) and (c)
should be put into one group, consisting of carbonaceous schist
and limestone. We then have the requisites for a fold about the
middle group (a). £l

A copy of Hayden’s map is given in figure 15, reduced in scale and
with (b) and (c) grouped together under one character. Now a
careful examination of the rocks on the ground shows that the
strata above and below the ‘ upper mica-schist’ are obviously the
same. They are, in fact, the carbonaceous band, and that the
one is the inverted representative of the other is indicated by the
fact that the main band”of limestone in both occurs nearest the
‘upper mica-schist.” Further examination shows that the ‘npper

Repetition of the beds.
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quartzite’ is exactly the same as the Boileaugunge quartzites;
and so we have the fold complete.
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Fia. 15.-—Geological map of Jutagh, after H, H. Hayden.
Scale 4 inches= 1 mile.

We really have here two recumbent folds lying on top of each
other ; for the carbonaceous rocks are repeated three times, though
the lowest one is outside the limits of this map.

Going down the road southwards from the Post Office, and
continuing on down the zig-zag path west of the stables, one passes
over the whole sequence. The beds are folded into a very shallow
gyncline. The dip is to the south until the middle of the ° upper
quartzite,” south of which point it becomes northerly. Down the
zig-zag path the various members of the Jutogh beds are
well displayed, and we have no doubt as to the correctness of the
correlation which has been given above. Figure 16 is diagrammatic
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section through Jutogh, in which the vertical scale is greatly ex-
aggerated. The folds have been made to close in accordance with
evidence obtained elsewhere,

F1g. 16.—Diagrammatic section through Jutogh, vertical scale greatly exaggerated,

Owing to the prevailing dip, it is on Jutogh that the most com-
plete sequence is seen in the Simla district. But elsewhere, as
on Prospect Hill, a little further east, part
of that sequence is still preserved. Here we
have the Boileaugunge quartzites forming the greater part of the
hill. They are overlain by a band of the carbonaceous rocks, com-
prising about 50 feet of limestone much contorted in places, in
which is a lenticular band of white marble, and other bands of
black limestone containing numerous crystals of amphibole. Over-
lying it are black slates including the pitted ash beds, here retain-
ing some of the contained mineral. This therefore, represents the
upper carbonaceous band seen in the hills above Halog, and also
presumably the quarry limestone of Jutogh.

The garnet-amphibolite, which forms the top of the hill, is
very similar to many other rocks of this type that are seen in the

Prospect Hill garnet. Chor district. Like them it is probably an
anlphigglcite_ " intrusive basic igneous rock, which has

suffered the same metamorphism  as the
neighbouring sediments into which it is intruded. If it is intru-

Prospect Hill,
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sive, then there is no need to expect it to occur in the same position

on Jutogh ; for, as we have seen in the Chor district, these rocks

can never be traced for any great distance..

Along the Ridge at Simla, and on Jakko, only the lowest band
of the carbonaceous slates and the Boileaugunge quartzites are
seen, and this in spite of the fact that Jakko is considerably higher
than either Jutogh or Prospect Hill. However, it has already been
said that the rocks along the Ridge and on Jakko have a general
south-westerly dip, so that it is easily understandable that higher
beds (i.e., additional folds) are seen towards the west.

Figure 17 is a diagrammatic section through Jutogh, Prospect
Hill and Simla. From the evidence available we cannot tell de-
finitely which way the folds are going to close, nor whether they
are anticlines or synclines, But, while the ‘upper mica-schist’
on Jutogh is very thin, further west it is quite thick, which rather
suggests that this fold is opening in that direction. This inter-
pretation is in agreement with the structure which we have made
out in the Chor arca, and in the absence of any evidence to the
contrary we have adopted it for the Simla ares.

Jutogh Prospect Hill Jakko

Fia. 17.—Diagrammatic Section through Jutogh and Simla.

(Horizontal scale, 17-= 2 miles ; vertical scale, 1”= 1 mile}.
1. Boileaugunge quartzites and * upper quartsite.”’
2. Carbonaceous schists and limestone Jutogh eerics,
3. “ Upper mica-schist.”
4. Chail serics.
5. Jaunsar series.
6. Simla series.
7. Blaini beds,
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To Oldham’s account of the Jutogh rocks of Simla itself we

need not add much in this place. There are two points, however,

The presonce of Uhail which call for comment. The one is that a

beds in Simla, small part of Oldbham's Jakko carbonaceous

slute we now include in our Chail series.

This has only become apparent as the result of mapping over a
larger area, snd has already been referred to above (page Y4).

The other point to which we should like to call attention is the
use of the name Boileaugunge quartzite. Under this name Old-

. ham included all the beds above his Jakko

The Boileaugungo _ . .

quartzite. carbonaceous slates which are found on

Jakko and on the Ridge at Simia, and on
Jutogh up to his Upper or Jutogh carbonaceous slates and lime-
stone. Now, while quartzites are certainly prominently developed
at Boileaugunge, they are not the only type of rock met with.
Thus on the whole of Jakko there is scarcely a bed of rock which
could be called,a quartzite, the rocks being mica-schists and quartz-
schists. The same remarks apply to the development of these
rocks away trom Simla. To call the whole set of rocks quartzites
is certainly misleading. It would probably be best to alter the
name to Boileaugunge beds, in the same way that we suggest alter-
ing the name Simla slates to Simla series, many of these rocks
bemg not slates but sandstones.

At Simla the boundary of these Boileaugunge beds has been
adapted from Uldham's 3" map. Our own work on the rocks has
been contined to continuing the mapping outside Simla, and we
may now proceed to follow the Jutogh series to the south-west
irom Kusumpti, where Oldham left off.

The course of the carbonaceous band is clear from the map.
Une of the characteristics of these rocks at Simla is the nearly com-

. plete absence of limestone, which 1s such a
The Jutogh theust ¢ .
tracod round Simia.  feature of these rocks both on Jutogh and
in the Chor arca. Oldham only mentions
two localitics, at Annandale and below the first waterfall in the
Combermere ravine (1837, p. 147). The former is, of course, well
known, but we failed to find any lunestone in the Combermere
Carbonacevus  lime- Yavine anywhere from above the lst waterfall
stoue. to below the 2nd waterfall. As onec follows these
rocks from Kasumpti, limestone becomes rather more frequent. Thus
1t has been found i sitw m this band by Nabera, above Chadoli and east
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of Badhog; and us boulders on tho Mundlu spur above Ksauvhechi,
and at Shadhal, near the motor road, though where it crosses
the road and the railway no limestone is to be seen.

Very little was seen here of the * pitted ' rock, which is so charac-
ho pitted carbona- teristic of th:s band on Prospect Hill and Jutogh,
coous bod. and_ in the Chor area.

From Kasumpti to the motor road the band is rarely more than
200 feet thick, and generally less. This is in marked contrast to
the thickness of the same rocks in the Chor district. Between
Kasumpti and Kanhechi the rocks are nearly horizontal. But
between Kanhechi and the railway there 18 a very deunite north-
easterly dip of about 40°. This is a very charactenistic feature of
the topography along the railway between Kanoh and Shogi, and
can be seen from a long way off.

Above this carbonaceous band we get everywhere the rocks
which have been designated the DBoileaugunge quartzites, but

The  Boileaugunge which, a8 remarked above, wuclude other rock
quartzites. ' types also. The quartates and quartz-schists

are generally vely maussive, and  are lurgeiy
responsible for the very precipitous southern face ol Tara Devi

Microscopically the quartzites are seen 10 be true metamorphic
quartzites (37/663). The quartz crystals occur 1 a fne mosaic,
while any argillaceous impurities have crystallised out as sencite.
The latter ia almost universely developed, and is often in sutlicient
abundance to give the rock a slightly schistose structure.

With an increase in the argillaceous content there is a gradual
transition to rocks which may be termed muica-schists. These
occur both as very thin seams in the quartzites and as much thicker
separate beds. They are not infrequently garnetiferous, whiie
green porphyroblasts of penninite are sometimes seen, as on the
spur above Nahera (37;651) near Kalla, and eisewhere. In ouly
one place was this mineral seen in the carbonaceous baud, and
that was on the top of the spur just west of Basha (37,00%;.

One more outcrop must now be referrcd to, before we croes the
motor road. In the various writings of Medlicovi, McMahon and
Oldham, no mention is made of & very typical
outcrop of the carbonaceous baud that vccurs
on the top of Tara Devi. No doubt the greater part of Lara Devi

Tara Devi.
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Hill is composed of quartzites and schists. But along the crest
of the hill are some very good exposures of the carbonaceous rocks,
which form the small peaks that diversify the topography of this
hill. Not only da we find the usual richly carbonaceous slates and
schists, but the carbonaceous limestone is seen and also the ° pitt-
ed’ rock. The former appears in several places along the top, and
was quarried and burnt there 12 or 15 years ago. |

The structure of the hill is by no means easy to determine. The
rocks are very much folded, though the dips, when not vertical,
are almost invariably in a N. to N.N.E. direction, so that the folds
are all isoclinal. Although these rocks have a broad outcrop on
the top of the hill, at lower levels the outcrop rapidly diminishes.
Thus along the railway to the east of the hill, these carbonaceous
rocks are only seen for a very short way.

On the west side of the hill carbonaceous rocks are seen for some
way along the road, but they do not extend very far to the west,
where the ground sinks rapidly, though we have not followed the
boundary very closely here. Their best development is along the
south side of the spur that runs out west at about 6} miles
from Simla, by some brick fields. Along here the rocks
have a northerly dip of about 30°, and the limestone is well
developed.

Just as these beds appeared to die out to the east, so they die
out to the west, being last seen some way above Shangin. At this
point there is an intrusion of massive hornblende-gneiss. From the
evidence available it seems, therefore, that we must be dealing with
a synclinorium of these rocks overturned to the south, though the
exact structure is by no means clear. The band dies out to the
east and west because the ground falls away rapidly in those
directions, and the fold therefore closes.

. ; . '
Tera Devi carbona- This outcrop is evidently part of. the.upper
ceous band corrcsponds Carbonaceous band, the same which is de-
to the Drospect Hill veloped on the top of Prospect Hill, but which

and Jutogh band. . : .« qr
has here become involved in a subsidiary fold.

To the north-west of the motor road, the carbonaceous stage
of the Jutoghs, which already, even where seen on the road, has
become untypical and from which the lime-
stone has disappeared, is altogether cut out.
Not only has this happened in the case of

Kalka-Simla motor
road.
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the carbonsceous band, but gradually the overlying Boileaugunge
Disappearance of the quartzites are also cut out at the boundary
lower carbonaceous of the Jutogh thrust until. just south of the
hand and of the over- Kuni riv
lving  Boileaugunge Kuni river at Kharuta, the upper carbona-
quartzites. ceous band is found against the Chails. This
contains here about 10 feet of black limestone with carbonaceous
Upper carbonaceous Si8tes above. That this is the upper band
band thrust over the is proved by tracing it to the north-west.
Challs at Kharuta and 1y the Kuni river about 50 feet of limestone
Jutogh lLimestone at are exposed, and almost as much at the village
Tareil. of Tarail } mile south of the Simla-Arki road.

From here the Boileaugunge quartzite gradually beging to come
in again between the Chail phyllites and the Jutogh limestone,
to be followed by the lower carbonaceous band, which can then be
traced continuously to Simla. Limestone seems to be almost absent
from this band; in fact the only proof of its presence at all was
afforded by some fragments found near the road just before reaching

Shekoh.

The upper Tarail band is presumably the equivalent of the
carbonaceous band of Prospect Hill, differing only by the absence
from the Tarail limestone of the secondary
minerals found in that of Prospect Hill, and
also of any lenticles of white marble, which
also occur in the Prospect Hill limestone. This carbonaceous band
has been traced from ‘the Simla-Arki road along the top of the pro-
minent scarped ridge to a little below and to the north of the highest
peak which overlooks the town of Halog. The long dip slopes to the
east of this ridge consist entirely of the carbonaceous beds, while
the almost perpendicular cliffs on the west consist mainly of the
Boileaugunge quartzite which overlies the lower carbonaceous band.
After leaving the Arki road, no more limestone was seen in this
band, though it'is possible that patches of it may occur on inacces-
sible portions of the clifis. It begins to bend round to follow the
general strike of the rocks, at the northern end of the ridge, but
is cut off by a cross fault, which brings up
the Boileaugunge quartzites again; above these,
on the summits of the amphitheatre of hills
of which ({ahainda Hill (D846) is the highest, the carbonaceous band
is repeated, here also without any limestone.

The upper carbona-
ceous band traced.

Repetition of the bedx
by cross-faulting.

K
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It will be seen that the outcrop of this upper carbonaceous band
bas not been followed completely. From Kharuta it probably
follows the high ground to the west of the Paterika Deo and so joins
up with the northern outcrop by way of hill (407, its outcrop on
the Simla-Arki road, having possibly escaped notice amidst the
shops and pumerous other buildings of the village of Banoti.

Regarding these two carbonaceous bands as the respective limbs
of a long recumbent fold, in accordance with our observations in

. _ the Chor area, then the beds within the closed

Two horizons  of . ‘o . .
quarte-sohists, outcrop will belong to a different horizon from
the massive quartzites which occur between
the two carbonaceous bands, the latter corresponding to the Boileau-
gunge quartzites and the former to the ‘upper mica-schists ’ which
Hayden has mapped in Jutogh and which have been referred to
above (page 1u2).

In the country with which we are now dealing, the differences
between the two sets of beds are striking. The beds between the
carbonaceous bands are hard massive quart-
zites, and quartz-schists are of secondary im-
portance. OUn the other hand the beds within
the closed outcrop of the upper carbonaceous band contain no mas-
sive quartzites at all, but are invariably quartz-schists or quartz-
mica-schists.

Another striking difference between the Jutogh beds of this area
and those of Sunla are that the former are much less metamorphosed ;

Contrast  between Sarpets are rarely found in them and when
the Jutogh series of present are small. The absence of secondary
Simla and Halog. minerals in the limestone has already been
mentioned. This points to a proportionate decrease in metamor-
phism radiating from some centre not far removed from Simla,
comperabic to the Chor granite in the Chor area. Iossibly Medl-
cott’'s and Uldham's theory as to the former existence of such an
intrusive mass in the neighbourhood of Simla may have had a foun-
dation 1n {lact. '

The section given in figure 2 on Plate 1 includes the Simla
area. One or two points may be referred to. Thus although the
Chail beds never actually die out around Simla, 1t is possible that
they very soon did so further north, prior to the denudation. Conse-
quently, on vhe section the Jutogh thrust has been made to overlap
vhe Chail thrusv in that direction above the present topography.

Diflorences  belween
them.
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Other points which may be noted in this section ewe the vutting-out
of the Jaunsar scries by the Chail thrust, aud the cutting out of the
Blaini by the Jaunsar thrust. This part of the section is deduced irom
the evidenee obtained further south-east along the Giri valley, which
bas already becn described on pages 19 wnd 34,

X1.—GEOLOGY OF THE AREA E. AND N.E. OF SIMLA
JNALDERA-NARKANDA RIDGE.

We propose to conclude the descriptive portion of this paper
with » few remarks on the geology of the country to the esst and
north-cast of Simla. Our examination of this was but cusory, but
seeing that our interpretation of its geological stiucture 18 almost
cutirely at variance with the views which have so iar been published,
we congider that we are not justified in postponing mention of it unul
a detailed geological survey can bLe accomplished. More especially
is this preliminary report desirable since several features in its peo-
logy bear directly on problems which have arisen in the course of
vur investigation of the other areas dealt with in this paper.

‘The area referred to includes the Naldera, Mashoira, Mahasu,

Previous work in the F agu, Mattiana ridge and the. country which

urea. lies between that and the Shali chain of hills.
Medlicott. Medlicott’s observations on it are to be found

on pages 38 and 43-49 of his 1864 memoir. McMahon devotes a
section to it (1877 pp. 211-14), snd on the
map which accompanies his paper has mapped
several outcrops of Blaim round Theog. Hayden dumng oune or
two casual trips from DMattiana in 19i3 found
Nummulitic beds on the lower slopes of the
Shali range near Barhana. His finds were recorded i fec. Geol.
R W, Palmor. Surv. Ind., Yol. i, pp. 8 Y, and Vol. LI,

p- 9. R. W. Palmer worked during May and

June 1920 in the country stretching down from the Shali rauge to
the Nauti river and somewhat to the south and east ot it. He
submitted a report and a geological map which were uot published,
‘uithough a summary of his results is contained in the Dirowtor's
Annual Keport published in 1921 (Palmer, 1921). ‘ibat portion oi
the map to the north-eust of Mashobra is based on l'aamer's map,
though it has been considerably modified. We wweept 0o respun-

McMahon.

Hayden.

K £
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sibility for those parts of Palmer’s original map which we have
left unchanged through inability to visit the localities.
The rocks between Simla and the Mashobra-Naldera ridge have
been accepted by Medlicott, Oldham and all who have succeeded
them as the Simla series. They underlie the
Broad outcrop of .. . .
the Simls series between DBlaini continuously or almost so from Simla
Eimlﬁ‘ ﬁind th'?i Masho- to Halog and form an outcrop which, as we
r-nidem ricee: have delimited it varies from 3 to 5 miles in
width. Their dip is almost invariably in a south-westerly direction.
These rocks would repay a careful and detailed examination in the
field with the object of detecting repetitions. As it is the authors
) can only state their firm belief that the outcrop
Probably an isosyn- .
olinorfum. represents an overturned syncline, or more pro-
bably a synclinorium of isoclines.
On hill 6820 about 5 miles N.W. of Simla is a thick bed of grey
and purple micaceous sandstone. Dr. E. H. Pascoe has traced this
Purple mi 0 coous bed along the Elysium spur to a large outcrop
sandstone. on the Simla-Mashobra road about ’a mile
from Sanjauli bazaar, where it is extensively
quarried. Overlying this bed at the S.W. base of hill 6820 are
vrey slates, amongst which arc hbeds containing certain peculiar
structures presumably of a concretionary na-
ture, which simulate coprolites or large coiled
snail-shells, These pscudo-coprolite beds have been seen in several
places near the south-western margin of the Simla series outcrop.
Purple micaceous sandstones occasionally occur in the same position,
and thin bands of similar sandstone have heen seen in various
places throughout the series. Whether these represent repetitions
of the iarge purple sandstone band or distinct horizons we are un-
aware. Between hill 6820 and the Blaini outcrop the beds are
mostly grey, occasionally purple, splintery slates, which exactly
resemble the beds to the south-west of Sairi between the two outcrops
of Jaunsar conglomerate. Occasional thin bands of grey quart-
zitic sandstone are seen here and there. OUn the Simla-Mashobra
road the splintery character of the corresponding beds has largely
disappeared and the slates are more massive with fewer joints.
Grey jointed slates of a similar character seem to continue on the
other side of the purple sandstone towards Mashobra. On the
precipitous cliffs which rise above the road south of Mashobra im-
mense contortions in the rocks are plainly visible.

Concretions.
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About here another extremely characteristic set of beds come
in. These are grey slates showing a finely banded structure. The
Banded slates, s low Mail cleavage planes are however parallel to
horizon in the Simla these bands, so that they are not true slates,
Ienes. These have becn seen along the road to Kufri
and Mahasu and have been traced across the Chail-Kufri road right
down to the Giri helow Piran (see page 119).

It seems certain that these reprcsent a lower horizon of the
Simla series than any that has been seen to the south-west. Along
the road to Naldera these appear to be replaced or to pass down
into unbanded slates of the more usual Simla type. Amongst these
are soft cream-coloured slaty shales.

In the village of Baldia about 9} miles from Simla reckoned by
the milestones a blue limestone occurs in lenticular outcrops either
in the jointed slates or in the soft cream-
coloured slaty shales which we have just men-
tioned. The limestone strikes round the hill north of Baldia and
then from mile 10 as far as Naldera it crops out on the crest of the
ridge forming long dip slopes on the southern side of the ridge above
and below the newly constructed road to Naldera. Now for a

. . distance of about a mile it is interrupted by
.,pcf,’;‘ir;;’}fmz;‘;‘_’gm two cross faults which bring up a series of
pale coloured schists and dark blue banded
slates showing slaty cleavage, which are identified with the Chail
series, as we shall show later (page 114). About 13} miles from
Simla, this limestone again crops out on the road and appears to
continue for a long distance along the ridge which runs westward
in continuation of the Naldera ridge, forming long characteristic
dip slopes.

This limestone is mentioned by Medlicott (1864, p. 48) whe does
not describe it more than as ‘‘a thin band of limestone on the crest
of the ridge over Basantpur . Dr. E. H. Pascoe drew our atten-
tion to it in the first instance. It is hardly ever more than 100
feet thick and is moderately soft, weathering out into irregular
creste and hollows. It contains no chert bands and so differs mark-
edly from the Shali limestone. Constantly small black circular
discs, which suggest organic remains, occur in it, just as is the case
with the so called Kakarhatti limestone north of Subathu.

This limestone is clearly interbedded with what must be regarded
as the Simla series and everything points to its being at the very
base of that series.

Naldera limestone.
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Descending the hill to Basantpur the Naldera limestone and
its aesociated cream slaty shales and jointed glates are succeeded

Chail clenved slates DY hard. dark grey, often carhonaceous slates,
and limestone uncon- much more finely handed than the banded
%’;?:,Z‘ie 1‘,’;1:3},‘“3 the  slates of the Simla series and showing a marked
Rarantpnr. slaty cleavage. oblique to the bands. Between
the Naldera limestone and the hill to the north of Basantpur which
overlooks the Nauti river there occur no less than six bands of lime-
atone, in no case more than 50 feet thick and sometimes less. Tn-
terhedded with these are the banded dark grev or dark blue slates
with slaty cleavage, and grey schists which in their harder varieties
also show cleavage oblique to the stratification. The limestones
vary somewhat in character even in the same outcrop, but are almost
always banded and sometimes finely handed. Tn their most typical
form the resemblance to the limestone which has heen described
(pages 91-92) at the base of the Chails, and the dark blue slates which
are frequently associated with them—most prominently at Dharel,
21 miles 8.8 W. of Halog—leave us in no doubt that they are to
he correlated with that horizen in the Chail series. Tt is true that
even allowing for repeated foll'ne in the Basantpur section, the
slates are more developed here than hetween Halog and the Ashni
river, but that cannot be regarded as a serious ohjection. That
there is isoclinal foldine in the Basantpur section. in spite of the
general south-westerly dip, is suggested by the frequent contortion
as well as hy the close correspondence of manv of the limestone
hands.

This series can be traced eastward to Faou and thence north
of Theog. It is undoubtedly the same as the broad outerop of

Chail Limestones and Siates and schists with interbedded limestones
slates traced eastward which Palmer has mentioned and the western
to Fagn and Theoe. boundary of which with his Madhan slates he
has mapped apparently in great detail.

The whole sequence of these rocks is well displaved between
Fagu and Theog and helow the road to the east. T.ooking BN.E.
from Fagu a massive outecrop of limestone can be seen in the side
of the spur that runs out south from the 19th mile (37/643). This
band. a blue-arev finely banded limestone. can he traced north-
wards by the village of Janog. where it ia verv well developed, to
the main road hy mile 18. Here. however. it has rapidly thinned
ont. and only a few feet are sesn. Another band ocenrs a little
farther cast passing close to TheoZ fart: while a third hand. ap
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almost white limestone, is seen where the road mskes a sharp bend
west of peak 8219. Thece limestone bands are oliviously lenticmlar
gince they thin out and dissppear.
The authors cannot agree with Palmer that the limestone re-
sembles the Krol limestone either in its typical or any other area
Palmer's correlation 1N Which they have seen it. Nor can they
%tﬁhﬁ tl;h?mfm “3:: agrec with McMabon (1877, pp. 2‘]2.]3! who
nooeptable to  the has referred outcrops of it at Theog and else-
anthors. where to the Blaini, No resemblance can be
traced between it and the Shali limestone nor yet to the Naldera
limestone. The Deobhan limestone is far distant, hnt it s equally
unlike that. “
We may refer here to McMahon’s ohrervations in this area. In
his 1877 paper (pp. 211-13) he refers to several outcrops of the
McMahon's mistaken Blaini to the e.ast of Fagu, marking them on
identification of the the accompanying 3 map, and particular care
Chail limestone cast of was taken to examine them. Unfortunately
Fagu with the Riaini. . . y
we are unable to accept his correlation. He
refers to a hand of limestone about 2 miles due east of Fagn. near
the village of Padrog. This rock, however, iz not the Blaini but a
Fand of the dark Dblue limestone which we have described above,
and a like remark applies to some of his other Blaini outcrops near
by. The rocks associated with this 'imestone are the game bluish-
grey slates that are zcen by Fagu, with a good cleavage very obhique
to the bhedding. Tke tocks are here nearly lorizental, and this
band of limestone can be followed a leng way st nearly the rane
height. thongh in places it d'ex out temperarily. Three or four
hundred feet Telow it is a record Fand. a white or cream limestone,
underlain by soft light-coloured schistose slates. The association
of the Jatter rocks with the cream variety of limestone is very cha-
racteristic. and is seen in a number of places, eg.. in the Giri valley
opposite Darog, the outcrop mentioned above on the main road
by peak 8219, and on the spur running north-east from Chharabra,
just east of peak 6651,
In addition to these outcrops of limestone which McMahon
thought to be Blaini, he also describes the occurrence of the Blaini
boulder beds. mentioning in particular an out-
id:,,"{;é?::ion orrone e crop in the Giri helow Parala. Here again,
McMahon oe Blaini in  however, we cannot accept his conclusions. We
the Giri Felow Parals. have already mentioned that he mistook the
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Jaunsar conglomerate where it crosses the Ashni for the Blaini
boulder bed. In the Giri below Parala are some thick coarse gravels,
which contain large bounlders of the Jaunsar quartzite conglomerate,
and it i8 evidently these which he has mistaken for the Blaini boulder
bed. There is, however, a continuous section in one bank or the
other up the river here, and it shows nothing but dark grey slates
with an E.S.E. dip of 30°. These are all part of this big Chail out-
crop, a8 is evidenced by the occurrence of the cream limestone a
little further down opposite Darog.

McMahon on his }” map makes this same supposed band of
Blaini cut the main road near the 21st milestone. But here a'so
we failed to find any trace of Blaini.

On the Simla-Narkanda road, these dark slates associated with
limestone continue up to about 21 miles from Simla. Practically
Outorops on the Dorizontal between Fagu and Theog, they then
Simla-Narkanda road develop an E.NE. dip. Between miles 21-
north of Theog. and 23 one can hardly doubt that there is
frequent repetition of slates deeply stained with iron and con-
Repetition of carbo. taining both pyritcs and sulphur and one thin
naceous and ferru- band of highly carbonaceous schi%. From here
ginous schiste. up to about 1 mile from Narkanda, one finds
nothing but grey phyllites and sericite schists, often puckered and
Grey phyllites and SOI.netimes talcose and silvery, with abundant
schists often talcose. vein quartz, and quartz schists (37,640 to
642). One exception to the continuous suc-
cession of these is an outcrop of massive quartzite near mile 34,
Interbedded  quart. where there is a bungalow and a market gar-
zite probably referable den, and another bhetween miles 23 and 24,
to the Jaunsar. These are, it is suggested, Jaunsar. A
carbonaceous band occurs between miles 36 and 37 and some
intrusive dolerite at mile 38.

A thick carbonaceous band occurs at 39} miles from Simla,
and against it on the north-east are highly metamorphosed mus-

Jutogh mics and covite-schists and quartz-sericite-schists  which
quartz schists at Nar- can only be correlated with the Jutogh series.
kendn. Tt is possible that the carhonaceous band
should also be included with them.



GEOLOGY E. AND N. E. OF BIMLA. 117

The other rocks bear a decided resemblance to the puckered
phyllites and talc-schists of the Chail series. The resemblance is

Correlation of  the not exact, but united with th- close paralle-

phyllites and talo. lism between the underlying slates and lime-
schists with the Chail gtones and the

ey ' basal Chail beds it bears strong
testimony to the correlation of the whole set
of metamorphosed beds bhetween Fagn and } mile distance from
Narkanda with the Chails which we propose to adopt.
The evidence of isoclinal folding between miles 21 and 23, apart
from the presumption that the limestone bands are repeated, makes
Jsoclinal folding in i.t reasonably certain that all the bheds are
the Chails. intensely folded, the folds between Fagu and
Theog being almost horizontal. Although along
the Himalayan-Tibet road the beds strike constantly N.N.W. to
8.8.E., yet from observations made elsewhere it is plain that the
strike pursues in reality an cxtremely winding course. This is well
seen near the fault on the Senj river, 8.8.E. of the Shali peak, where
the beds strike round a complete semicircle.
Palmer has observed that this series overlies his Madhan slates
and the associated Nummulitic limestones and shales. He seems
, . to incline to the theory that despite ite ap-
Palmer's alternative o s .
hypotheses as to the pearance of age it is, therefore. itself Eocene.
limestone series :— He suggests however the alternative interpre-
(i) that it conform- ¢atinn that it has been thrust over the Madhan
ably overlies the . .
Madhen slates. slates. In the published summarv it has been
(i) that it is throst gssumed that the limestone-slate series coin-
over Fhem: cides with the Simla slates, wiich was Medli-
cott’s idea; in this case the adoption of Palmer’s first theory would
The second sugges- imply a Tertiary age for all the Simla rocks;
tion favoured by the consequently Palmer’s second suggestion is fa-
suthors. voured. In this the authors entirely concur,
though, as stated above, they regard the series not as the Simla
slates but as Chail.
While to the north-east of Fagu the rocks are more or less hori-
zontal, to the south, towards Cheog and beyond, a southerly dip
The Chail series dips gets In: and Fhe rocks a.round. Fagu, which
under Jaunsars south we correlate with the Chail series, pass down
of Pagu, and at Cheog. 1,140y rocks which are almost certainly repre-
sentatives of the Jaunsar series. They are in fact the northern
part of the big outcrop of Jaunsar rocks that stretches nearly to the



118 PILGRIM & WEST: STRUCTURE OF SIMI.A ROCKS.

Giri, and a continuation to the east of the band which we have
already described as oceurring hetween the Simla slates and Blaini
(p. 87).

In this big outcrop are unmistakeable representatives of the
Jaunsar series. Purple conglomerates full of quartz pebbles are
seen high up above Dwan, very like the conglomerate exposed in
the Ashni; massive white quartzites and purple phyllites form hill
7809 (37/637) and the peak just south of it; while a very charac-
teristic rock is a green and purple schistose slate, extensivelv used
ns a roofing slate in the villages hereabouts (37/636).

Over the greater part of this outcrop the rocks are nearly hori-
zontal. Unfortunately time did not allow of a proper investigation
of the boundaries of this outcrop, and it has had to be left as an
isolated patch on the map. Nevertheless it is possible to suggest
an interpretaﬁon of the structure, which is not without some founda-
tion in fact.

The peak known as Mahasu a little W.N.W. of Fagu, is formed
of massive white quartzite; and, though the point has not been

) . ahsolutely determined, it would seem that these
White quartzite of o " . . .
Mahasu and Mashobra, quartzites are the continuation of a band which

passes near Kufri. and crosses the spur run
ning north-east from Chharabra near the village of Nehari. This
band continues to the north-west and forms the steep north-easterly
face of the Mashobra ridge (37/654), where it has a very pronounced
snuth-westerly dip. the Chail rocks on its N.J. side dipping beneath it.

Now further on (p. 123) we suggest that this band of quartzite is
a much attenuated representative of the Jaunsars, We have not,

Probably joins np nowever. scen the country immediately south
with the Jaunsars of of Mahasu. But in view of what we have
Cheog. said ahove it would seem highly probable that
this band of quartzite will be found to join np to the south-ecast
with the Jaunsar rocks hy Cheog. Tn both areas the Chail rocks
dip beneath them, and the outcrop at Cheog is in a direct line with
the Mashobra-Mahasu band.

On this assumption we mayv proceed to consider the possibilities
opened up. Summarily we have two areas, not far separated, in

Pugsling position of ¢ of which the Jaunsar rocks occur below
tha Jaunsars  hoth the Blaini and above the Simla slates, and
above and below the jn the other thev occur beneath the Simla
Simla series. 7 X : :

Jates. Moveover the ountevop of Simla <lates
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is the same in both cases. To this problem there would seem to
be only two possible solutions. Fither we are dealing with an
overthrust fault, by which a Blaini-Jaunsar succession has heen
thrust over a Bimla slates-Jaunsar succession: or e'se with a fold,
the core of which is formed of Simla slates.

For several reasons the latter interpretation is favoured by us,
a8 being supported by a number of facts. Thus the two outerops
of Jaunsar are really continuous, if one neg-
lects the effects of denudation, which bas sepa-
rated them along the line of the Chakhred khad. If it is a fold.
then the outcrop of Jaunsar which occurs above the Simla slates
must be the upper limb, nearly horizontal; the other outcrop, the
Mashobra-Mahasu band, must be the lower limb dipping south-
west ; while the broad outerop of Jaunsars sonth and south-west
of Cheog is where the two limbs join and the fold closes, thus aceount-
ing for the extent of the outcrop.

Further support for this interpretation seems to be forthcoming
from the distribution of the Simla slates. Beneath the main out-
crop of Blaini beds. from the Giri up to Simla, the Simla slates are
all verv similar, dark grey to brown slaty shales. As one ascends
the Giri from Nohan. however. this type of rock is seen to be under-
lain by a finelv handed slatv grit. consisting of thin black bands
alternating with much wider brown gritty bands. As we have
already noted, the same change can be observed along the Sanjauli-
Kufri road, as one descends in the sequence. and the handed rock
cvidently represents a low horizon in the Simla slates.

Now it is this variety of Simla slate which comes next to the
Jaunsar beds which we are here considering. At RSatlahi the Jaun-

Supposed  faversion SMTS 7€ underlain by these bandet.i rocks, whil.e
of the Simla serins these in their turn are underlain in the Paran-
sunports the suggestion Jg.khad by the more usual type of Simla slate.
offered. . : :

which we have reason to regard as of a higher
horizon. Tf this iz so. then we have evidence for regarding the
Simla slates just here as inverted, which is in accord with our sug-
sestion of a flat fold. Bv reason of the vervy variable nature of the
Jaunsar beds it is not possible to sav whether one limb of our sup-
posed fold is inverted with respect to the other.

We saw further back (p. 88) that the Jaunsar band which
comes between the Simla slates and the Blaini dies out hoth to the
north-west and to the sonth-west. This must evidently he inter-

Suggested explanation.
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preted as evidence of the Blaini beds having been deposited un-
conformably on this Jaunsar—Simla slate fold, in one place resting
on the Jaunsars and elsewhere on the Simla slates.

The above interpretation is only put forward tentatively. The
solution of the problemYwillfno doubt be found further south-east,
in the valley of the Girifand beyond it.

XII.—GEOLOGY OF THE SHALI AREA,

To pass on to the Shali range. The Shali limestone is a blue
intensely hard dolomitic limestone, weathering to a dirty white
colour, characterized throughout almost its en-
tire thickness by bands of black chert of which
the majority are from } inch to 2 inches in thickness, though bands
of 3 to 4 inches are not infrequent and occasionally even thicker
ones. Its uppermost beds do not seem to contain chert bands;
where it was seen above the bridge over the Nauti, the highest beds
are thin-bedded cream-coloured limestone, free from chert, asso-
ciated with a few bands of thin-bedded quartzitic sandstone. As-
suming that the section over the Nauti is not folded and that the
dip is fairly constant, the thickness of the limestone cannot be less
than 1200 feet. It forms the summit of the Shali peak and of the
range for at any rate two or three miles on either side of it, reaching
down to an unknown distance on the northern side of the range.
Its dip slopes extend for about  mile south of the Shali peak, but
the Madhan slates and a massive quartzitic sandstone almost reach
the summit of Nag Tikar, 9232, while the peaks to the S.5.W. of Nag
Tikar are of Madhan slate. Palmer has stated that a white quart-
zitic sandstone, which he has called the Shali sandstone, overlies
the Shali limestone, and this in its turn underlies the Madhan
slates.

The Madhan slates consist of beds of various types. The most
frequent are grey, jointed slates, showing occasional smooth planes
in which a green mineral has been developed.
Interbedded with these are greyish or white
quartzitic sandstones which often pass into a massive white quart-
ritic sandstone which cannot be distinguished from the quartzitic

The Shali limestone.

The Madhan slates.
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sandstone which is often in contact with the Shali limestone. In
the midst of these in more than one place are beds of blue elay which
are dug out by the villagers for making plaster. Vein quartz is
frequently found in all these beds. Beds of purple gritty quartzite
and purple shales occur in many places ag well as creamn and lavender
slaty shales.

These beds are obviously intensely folded; even against the
boundary of the Shali limestone, both quartzite and slates seem

Subatbu beds un- U0 .djp variously. It is,' 'thereiore, not sux-
conformable on the prising that the Nummulitic beds, which pre-
Madhan slstes. sent a typical Subathu appearance both as
regards their limestone as well as their olive shales, should crop out
in what looks like a sporadic fashion. It is not at all easy to draw
tho boundaries between the two, especially as it is possible that
limestone lenticles occur in the Madhan slates.

Palmer who first saw the quartzitic sandstone on Nag Tikar
and there commenced to map it as Shali sandstone, was subsequently
" considerably embarassed when he tried to dis-
olhp quartalie sand- inguish it from the exactly similar rock in
the Madhan slates. In one instance he was
actually led to suggest that an outcrop of this rock which he had
formerly mapped as Shali sandstone might in reality be Madhan
sandstone. Consequently during the remaining portion of his sur-
vey, although he continued to regard the quartzitic sandstoue as
Shali sandstone where he found it in contact with the Shali lime-
stone, he refrained from mapping it separately.

We have no doubt that the sandstone in question belongs to
the Madhan slates and not to the Shali limestone. Apart from

Belongs  to  the its occurrence amid the Madhan slate out-
Meadhan  slates and Crops, there is at least one portion of the
not to the Bhali lime- houndary betwecen the Shali limestone and
stone seriee. the Madhan slates, south of the Shali peak,
where the quartzitic sandstone does not occur, although it exists

in a presumably faulted outcrop lower down the hill

Palmer considered that the Nummulitic beds were conformable
to the Madhan slates and therefore regarded the latter as Eocene.
The Masdhan alates V€ C#LDOt concur in .t!:js opinion: in the
probably much older first place the Nummulitic beds stand in no
than the Bubathu beds. g4 relation to the Madhan slates. We have
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found them in contact with cevery type of rock in the Madhun slutes,
80 that one must infer that they were deposited on a much denuded
surface of the latter; in the second place the Madhan slates represent
a type of rock which is entirely foreign to the Hocenc not omly in
this part of lndia but also in the deposits of the western portions
of the Himalayas, the Salt Range, Baluchistan and other localities,
By hypothesis they must be older than the oldest beds of the Su-
bathu; yet in none of the various outcrops of the latter have any
older or different beds been found than the typical red or olive
shales, the limestone and the pisolitic laterite. In conclusion, the
Madhan slates are altogether older looking than any Tertiary rock,
and we have to look as far back as the Simla slates, if not farther,
to find & parallel.
The only beds, so far as we are aware, which show any resem-
blance to them are the very variable Jaunsar series. The jointed
Corrolated with the SXeY slates with slickensided s‘ul'i'aces, the pur-
Jauusars, ple sandstones and slates afiord the nearest
' parallel to the typical Jaunsars. A closer re-
semblance than this can be found to certain other beds which we
have some reason to regard as Jaunsar. The quartzitic sandstone
The Madhan quartzi- 18 Very like the bands of a similar rock wh__ich
tic sandstone perbaps have been described on page 118 as occurring
e be {'ﬁl‘l‘lzﬂt"d ‘:‘I';ﬁ on the Mashobra and Mahasu ridge between
Mashobra white quart- the Chails and the Simla slates. This, as we
arte. have seen, probably passes along the strike to
Lhe south-cast into undoubted Jaunsar beds, containing the typical
conglomerates, although the two outcrops have not actually been
traced 1nto continuity. West of Mashobra the Jaunsars thin out
and little is left except this quartzite, and before reaching Naldera
this also dies out.
An equally close resemblance exists between the Madhan quart-
sitic sandstone and the band of white quartzite, which 1s found
. _ between the Chails and the Blaini or Sunla
And with the white , : :
quartzite  below  the  Slates beiween Simla and Halog and south of
\:'li::t‘ﬁahl:ﬁt““e“ Simla Halog., This band has been {fully discussed
L °' on pages 97-100 and there 1s little reason to doubt
that it 18 Jaunsar, although its structural relations may be obscure.
10 more than one place associated with the quartzite, lor example
at Khanoi, is the blue clay which has been noticed above in the
Madbun siabtes.
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Before discussing the general structure of whut we may call
the Shali area, we shall first describe the rocks on either side of the
Nooks in the Nouti Nauti river below the fault marked on the
khad below Mashobra. ap a8 far down as the bridge. 1t is lere
' that we obtain practically the omly evidence
available to us, such as it is, as to the age of the Bhali limestone,
West of the point at which the Nauti after flowing south through
& narrow, rocky gorge in the Shali limestone turns sharply at a
right angle to the west, Palmer has doubt-
M’}%ﬁ“‘:ﬂ:‘;&ﬁﬂm fully identified the rocks along the river with
the Madhan slates. With this identification
we cannot agree. The rocks in question are altogether newer look-
ing than the Madhan slates; they are grey slates some bands iu
which are strongly carbonaceous while others are soft cream-coloured
shales ; there are no bands of sandstone nor purple shales and quart-
But  oomformable Zites. They clearly dip under the Shali lime-
beneath the Shali lime- stone which forms the steeply ascending, often
stone. precipitous northern side of the river. It can
hardly be doubted that there is a gradual transition from the grey
slates through slates which contain thin bands or lenticles of lime-
stone often impure up into the typical Shali limestone with black
chert bands. The dips in the river are generally very steep, often
vertical, but diminish rapidly as the distance from the river increases.
Apparently they form an anticlinal fold, of which the northern
limb dips under the Shali limestone while the southern limb dips
under the Chail slate and limestone series, which shows precisely
the same characters as in its other outcrops and extends from the
village of Thail up to the outcrop of massive quartzite some 1,500
Overthrust by the leet below the Mashobra. ridge. lts junction
Chail  limestone-slate with the Chails is a continuation of the same
series. outerop which we have concluded to be the
trace of a thrust plane (page 117), probably shifted slightly by e
fault as shown in the map.
At the southern end of the gorge mentioned above the outcrop
of the Shali limestone ends suddenly and is continued again much
Crosafaulting below further to the mnorth-east, so that there is
the gorge in the Nauti obviously a fault. On the south-eastern side
river. of this fault is a narrow outcrop of typical
Madhan slates comprising grey, jointed slates with vein quartz;
purple quartzites and slates and massive white quartzite. On the
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northern side these beds rest on the Shali limestone, while on the
south the Chail series, here containing several thick bands of banded
blue or brown limestone, is, presumably, thrust over them. This
outcrop of the Madhan slates dies out before reaching the large
nala which runs into the Nauti from the south, but in this nala
about 150 yards from its junction with the Nauti a narrow outcrop
of the typical Shali limestone with the underlying strongly carbo-
naceous slate is seen.
Regarding the age of the Shali limestone, we have obviously
little to go on. Palmer, on the assumption that the Madhan slates
Arguments  bearing underlay the Nummulitic limestone conform-
on the age of the ably, considered that the Shali limestone was
Shali limestone. Lower Eocene or Cretaceous. Now, with the
strong probability that the Madhan slates are Jaunsar, this judg-
ment must be revised. The Shali limestone undoubtedly underlies
the Madhan slates. Therefore, we have the choice of two alter-
natives :—(1) that it is really older than the Madhan slates, or (2)
that the Madhan slates have been thrust over it. Against the
former supposition we have:—(1) the unmistakeably newer appear-
ance of the carbonaceous and other slates that lie at the base of the
Shali limestone; (2) the fact that it is by no means always the
same bed in the Madhan slates that rests on the Shali limestone;
(3) if the Subathus were deposited on a denuded surface of Madhan
slates (Jaunsars by hypothesis) combined with underlying Shali,
one would have expected that some of the Subathu outliers would
have occurred on the Shali, but such is not the case. On the other
hand an overthrust of the Madhan slates (Jaunsars by hypothesis)
with their pinched-in outcrops of Subathu is quite in accordance
with the general geological structures which it is the object of this
paper to demonstrate, and that is the view that we shall adopt.
That the Shali limestone and its underlying slates may repre-
sent an entirely different facies or horizon of the Simla series from
Correlation with o that with which we are already acquainted
part of the Simla series 13, of course, possible. In that case their posi-
oonsidered. tion must be at the very top of the Simla
geries ; for if they lay unconformably below the Naldera limestone,
it is impossible that they should be missing between the Chails and
the Naldera limestone in what has all the appearance of being a
normal unfaulted section. It is of course conceivable that they
should have been entirely removed by denudation before the depo-
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gition of the Naldera limestone on the Chails, but in that case we
should have to regard them as a distinct series altogether from the
Simla slates.

Oldham correlated the Shali limestone with the Deoban, but

on what grounds we are unaware. It certainly bears no lithological

Is & oorrelation with Yesemblance to it, but the temptation to corre-
the Decban limestone late two such thick limeftone series is strong,
possible ? and since the distance that separates them is
great, there is a likelihood of the character having altered in the
Intervening area. A correlation of the Shali with the Kro' lime-
stone might perhaps be regarded as equally tenable; at the same
time the smaller distance that separates the Bhali from the Krol
outcrops as compared with the Deoban militates against the entirely
different character of the Krol and Shali limestones heing merely
due to deposition in a different area.

With these remarks we must leave the age of the Shali limestone
unsettled. The solution of the problem will doubtless come when
the Shali and Naldera outcrops are traced round into the neighbour-
hood of Arki and Subathu, or perhaps will be found in the country
to the north of the Sutlej.

One or two points remain before we leave the Shali area. Palmer
seems to have considered that the dip of the Shali limestone would

. be such as to bri it under the Madhan

Shitl? I;'{,::lﬁng in the glates in the Naut?g and its tributary nalas

as he has mapped it round Dharmpur and

elsewhere. We are rather disposed to doubt whether the prevailing

dipe between the Shali range and the Nauti lend themselves to

this interpretation, and consider it more probable that all the lower

outcrops of the Shali limestone and the overlying Madhan slates

and associated Nummulitic strata have been let down by faulting

later than the overthrusting or other phenomenon which superim-
posed the Madhan slates on the Shali.

In certain localities the authors have seen undoubted ewdenee
that this has taken place. Thus a prominent hill which overshadows

the village of Barhana consists of Shali lime-
hfm ﬂeﬁﬁm stone capped by Madhan quartzitic sandstone.
Either the Nummulitic beds or the Madhan
glates dip towards and right up against the Shali limestone on
every side, and to reconcile this with the fact that normally these
formations rest on the Shali seems to be impossible without faulting.

L
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~ Prolonged in a south-easterly direction the north and south
bounding faults of the Barhana inlier cause to end abruptly in either
direction a well marked outcrop of Shali lime-
stone which DPaliner seems to have missed,
just south of the Nauti river. Nummulitic
limestone exposed in the river bed dips under towards the Shali,
which is overlain by typical Chail limestones and slates. On the
downthrow side of the southernmost of the two bounding faults
a prominent band of quartzitic sandstone is found on approximately
the sawne strike as the Shali limestone outcrop for as far in a south-
easterly direction as the senior author went.
The trace of the Chail thrust plane does not appear to have
been appreciably shifted by the step fault. This circumstance when
considered together with the absence of the
Suggested movement \ydhan slates between the Shali limestone
of the Chails along the . o
thrust plane at a later and the overthrusting Chails would seem to
?:&mgmn the step jndicate that the Chail thrust advanced over
' this area not only later than the Jaunsar
thrust but also later than the step faulting. Subsequently to the
latter event a considerable time must be allowed for the denudation
of the Madhan slates and the associated Nummulitics which must
at some time have overlain the Shali
Precisely similar step faulting has occurred in the case of the
two inliers of Shali limestone mapped by the senior author south
of the Shali peak.
Figure 3, Plate I, is a section through this Shali area.

One more word as to certain intrusions of dolerite which have
Deleritio intrusions Peéen found in the Madhan slates, the Shal
of the Shali area. limestone, and the Chail limestone.
All these rocks are moderately coarse grained and generally of
a greenish tint as a result of alteration. In the hand specimen
plates of white felspar are fairly prominent. As a typical specimen
we raay select a dyke intrusive into the Chail limestone about 400
feet above Basantpur on the Simla-Bhajji road, about 17} miles
from Simla.
Under the microscope the rock is seen to be composed mainly
of felspar, augite and iron ore, with interstitial chloritic material.
Mioroscopis charac- The felspars are of two k'ir.}d_s: relatively large
ters of the rook. plates, altered to a sericitic aggregate, and
not easy to determine; and smaller but- more

Chail series direm
overthrust on the 8
limestons,
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abundant water-clear crystals which serm to be albite. The latter
ghow 1o twinning, but have a refractive index the same s or slightly
less than the balsam, and are optically positive. The augpite s a
pale purplish-brown colour, with just a faint trace of pleochroism.
It oceurs in idiomorphic prisms, and is sometimes closely inter-
grown with the clear felspar. There is a good deal of iron-ore, some
of which is almost certainly ilmenite. Interstitial chloritic material,
evidently of late formation, is responeible for the greenish colour
of the rock. There seems also to be a little quartz.

We may term the rock an albite-dolerite.

Another specimen from about 300 feet below and to the south-
west of peak 8929 on the Shali ridge differs in baving colourless
augite, all the felspars” altered, and a fine interstitial groundmess
of quartz, felspar, and a kind of myrmekite.

It i8 of interest to note that precisely similar rocks have been
seen in the Chakrata district, ¢.g., near Nimga, intruded into what
are probably Jaunsar quartzites.

XIII.- GENERAL CONCLUSIONS ON THE SEQUENCE OF THE
ROCKS OF THE AREA AND OF THE ASSOCIATED PHENOMENA.

Having described the rocks of the area and the structursl phe-
nomena which they display we are now in a position to discuss
their relative ages and those of the different movements which
affected them, as well as of the various igneous intrusions with which
they have been from time to time associated.

In considering the probable order in which the various events
took place, there are certain outstanding facts which seem clear. .

In the first place, it is indicated that the rocks above the upper-
most overthrust are older than all those below, otherwizse the latter
would have shared in the high grade metamorphism which those
rocks display. For it is unlikely that the place of origin of the
upper- rocks was s0 far removed from the Chail and Jaunsar series
that the metamorphism which they suffered was not felt by these
rocks also. As we have already seen, the metamorphism of these
upper rocks is of regiomal extemsion, extending probably for many
mile to the NNW, and S.E., and must bave been felt by the others

L¢g
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if they had been in existence. The same remarks, of course, apply
to the recumben fol ling.!

In the second place the overthrasting is clearly younger than
all the rocks waich are affected by it, that i3 to say it is at least
post-K-ol, since from the nature of the structures s:en at Sangrah
(p. 32) and elsewhere, it is fairly evileat that the Krol was involved
ia folding which was directly induced by the overthrasting.

We can get even nearer to its age than this. We koow that
in th> country to the wast of Simla, as well as in the Shali area to
the north-east of Simla, rocks of Subathu age, that is to say Middle
Kosene or Lutetian, have been folded in with Jaunsars or Simla
slates over which the Chail series has been thrust. It is inconceiv-
able that the Sabathu rocks should have been deposited so close
to the present trace of the thrust plans if their deposition had been
subsejueat to that phenomenon. Since the Caail thrust must un-
doubtedly have exteaded farther than is now the case, it is probable
that these older rocks were actually thrust over the Subathus them-
alves.

Fron a consideration of these points, we are forced to con-
clule that thaz crust movemznts which were responsible for the
recumbent folding and high grade metamorphism of the wupper
rocks (the Jutozh series), and for the intrusion of the Chor granite,
ware quite uaconnected with the much later movements which
were the causz of the overthrasting. While the latter are almost
certainly of the same age as the great Tertiary earth movements
which helped to produce the Himalayas as a great mountain range,
the former cannot possibly be; for in between the two events there
has to be time for the deposition of both the Chail and Jaunsar
series and the Simla slates to Krol set of rocks.

That the uppermost rocks are characterised as a separate unit,
is shown not only by their high grade metamorphism and by the
recambent folding which they alone display, but also by the fact
thus both the hornblende-schlsts and the olivine-dolerites are wholly
confined to this set of rocks.

Again, it is fairly clear that the regional metamorphism and
the recumbent folding must have been more or less contempora-

L 1t is of course coneeivabie that the Chail and Jaunsar rocks were outside the region
of high grade metamorphism. But a consideration of all the evidonce leads the authors
to conclude that the Jutozh series must be the oldest. The point could only be proved
one way or the other by finding the two sets of rocks unmoved from the position in which
they were laid down.
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neous ; for it seems unlikely that a large body of rock could vndergo
folding of this type had it not already heen at a high temperature.
And it was no doubt this high temperature, together with the stresses
set up by the folding, w'ich was the cause of the regional metamor -
phism. 1f the folding had taken place at a low temperature, the
rocks would have yielded by fracture and overthrusting, as was
subsequently the case with the much later movements.

Another point which has been clearly revealed by the mspping.
is that the increased metamorphiem around the Chor granite must
have been produced after the recumbent folding:; for the zones,
in so far as they can be made out, run parallel to the lLoundary
of the granite, quite irrespective of the folding. If the increased
metamorphistn had been of prefolding date, then there would have
been no such orderly arrangement.

We have already seen reason to believe that the intrurion of
the Chor granite was closely connected with the folding. From
what bas been eaid above, then, it must evidently have closely
followed on the folding, but before the close of the movements,
for it is itself highly foliated. This is a common characteristic of
great plutonic intrusions, that in general they ceem to teke place
during the waning stages of the earth movemente, after the main
movements have subsided.

It may here be noted that the hornblende-schists, whick have
suffered in the regiona! metamorphirm, are never ccen cutting tke
granite; whereas the later fresh olivine-dolerites do «ut the
granite.

‘When the later overthrusting took place. the 1ccks must have
been quite cold. For they have been fiactured snd have rufiered
crushing and shearing, with the prcduction of low temrrerature
minerals. Instead of the recks having yielded by folding. great
blocks of the country broke up and were thrust cne over the other,
each hlock behaving as a serarate unit. Cne of thete units was
the set of rocks which bad already been folded into great recvmbent
folds. Whether all this overthrusting took place at the same time,
it is not at present possible to roy. But it seems likely that tle
three overthrusts were roughly contemporaneous. It is poesible
that the uppermost overthrust was the main cne. and that its on-
coning irduced the two thrusts below it, in the esame way that
these were the cause of the smaller thrusts in the Blaini beds. This,
however, is purely speculative,
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As regards the age of the hornblende-schists, we have certain
facts to go upon. They have suffered in the regional metamor-
phism, and were anterior to the intrusion of
The bornblende- A

sohista. the Chor granite. Hence they are younger
than the Jutogh series, into which they are
intruded, but older than its metamorphism, and were quite an early

cpisode in the history of our area.

The olivine-dolerites were evidently much later, for they are
quite unaltered, and must have been intruded long after the folding
and metamorphism were over. Moreover, they
are later than the intrusion of the Chor granite,
for they are seen cutting it in quite a number of places. But the
fact that their distribution is confined to these older rocks, and
that they are never seen intruded into the rocks below, while by
no means conclusive, 1s at least suggestive of their having been
intruded prior to the overthrusting, by which they have been carried
along into their present position together with the associated
rocks.

As regards the various cross and step faults recognized in several
localities, it is obvious that they must be of later date than the
greater portion of the overthrusting, since the
boundaries of the thrust trace are in many
cases shifted by them. At the same time it seems probable that
movement along the thrust plane continued until long after its
coramencement, and further that the different thrusts did not start
or move simultaneously, so that there may have been considerable
movement not only after the cross faulting but also after erosive
agencies had levelled the unevennesses or excavated the surface.
A section near the Senj river, just east of Barhana in the Shali area,
seems to afford some evidence of this having happened. It is de-
scribed on page 126, where it is suggested that the Chail mass has
moved subsequently to cross faulting which has brought up a block
of Shali limestone right against the present Chail thrust trace with-
out shifting it, and also subsequent to the denuding agencies which
have removed the Madhan slates (probably .JTaunsar) previously
thrust over the Shali limestone.

From the description and sections given above it is evident
that¥the thrust planes no longer have their original horizontality.
It follows ¥ therefore, that these planes must have been warped to
a greater or less extent since the overthrusting.

The olivine-dolerites.

The cross-faulting.
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Table of the sequence ~ We may therefore represent the sequence of
of events. events in tabular form as follows :—

(a) Deposition of the Jutogh series.

(b) Intrusion of hasic sills and dykes (now hornblende-schists).

(¢) Recumbent folding and regional metamorphiam,

(d) Intrusion of the Chor granite towards end of (c).

(e) Intrusion of the olivine-dolerites, probably soon after (d).

(f) Deposition of the Chail and Jaunsar series.

{(9) Deposition of the Simla to Krol series.

(k) Deposition of the Subathu sertes.

(1) Folding in of the Subathu with the Jaunsar, Simla, and
Blaini series.

(7) Main overthrusting with low grade metamorphisra.

(k) Cross faulting, and warping of the overthrust planes.

XIV.- -SUGGESTIONS AS TO THE ACTUAL AGE AND CORRELA-
TION OF THE ROCKS OF THE AREA.

We have endeavoured in the preceding pages to state the evidence
upon which we rely for settling the relations of the different series
of rocks to each other, and for adopting the general stratigraphical
succession and the sequence of events presented in the table on
page 3. We still have to face the far more. difficult problem of
determining the actual age of each rock group and its correlation
with the standard horizons of India or elsewhere. In the entire
absence of fossils, this is well nigh insolvable, and at the best we
can but hope to arrive at a provisional result for some of them.

Amongst the various identities which have met with most general
acceptance, at all events until 1908. was that of the correlation

Oldham’s  comrela. ©f the Blaini boulder-bed with the Talchir
tion of the Blaini with conglomerate at the base of the Peninsular
the Talchir boulder bed. o dwanas, now regarded as Upper Carboni-
ferous, and with a boulder bed at the base of the Productus Limestone
of the Salt Range. The glacial nature of the Blaini houlder bed
was established by Oldham in 1887 (pp. 144-145) ; and the existence
of scratched boulders, found bv Midd'emiss in the Blaini conglo-
merate in the Neweli valley in East Sirmur, and by himself in Simla,
was quoted in support of the theory. Other scratched houlders
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from the Blaini beds of Simla were photographed by Holland in
1908. Oldham in 1888 brought forward evidence for correlating
the Blaini with the Talchir and Salt Range boulder beds; the over-
lying groups of the Infra-Krol and Krol fell into their place as later
Palxozoic or Mesozoic and with them the Jutogh series, which
was regarded as a variant facies of the same.

This was accepted without question until 1905, when Holland
suggested that all these rocks were the parallel of the great Purana
Questioned Ly Systems of the Peninsula, and (‘ambrian or
Holland, who regarded pre-Cambrian. In 1908 he discussed the ques-
all the Simla rocks as  tjon in greater detail and suggested that the
of Purana sge. Bla'ni boulder bed was more likely to be the
equivalent of the Cambrian glacial boulder bed, which has been
recognized in South China, South Australia, South Africa and North-
ern Europe. The question was very fairly summarized by Hayden
(1907-08, pp. 225-227), who has shown that the Spiti beds identified by
Oldham with the Blaini are not only not glacial, but are proved by
fossil evidence to be considerably younger than the Talchir.

Holland’s conclusions were based on two

Holland's arguments. .
malin arguments —

(1) That the absence of fossils throughout these systems in the
outer Himalaya was incompatible with a correlation with the re-
markable succession of fossiliferous heds on the Tibetan side of the
central Himalayan peaks.

(2) That it is remarkable that in the outer Himalayas, strata
older than the assumed Palaozoic rocks and corresponding to the
areat pre-Cambrian unfossiliferous systems of the Peninsula should
not bave been caught up in the folding and be occasionally exposed.
Hayden further comments on the fact that the Daling and Baxa
metamorphic series of the Kastern Himalayas have been actually
caught up in the folding of the younger Gondwana rocks, in the
way in which we should expect.

A good deal of work has been done since Holland wrote his paper,
which bears directly or indirectly on this question, and however

great the justification for a doubt seemed 20

The present and other ; . g :

investigations destroy Y€&TS ago, we now hesitate to reject Oldbham’s

the force of Holland’s general correlation without considerably more
arguments, . . v ep .

evidence. Holland, himself, if ore may judge

from a comparison between the Ist (1915 edition and the 2nd (1926)
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edition of his Indian Geo'ogcal Terminology (compare especially
1st edition, p. 60 with 2nd edition, p. 92) holds very much less pro-
nounced views on the correlaticn of the Blaini than he did formerly.
Our own results serve to strengthen O'dham’s position consider-
ably.

If the conclusions of the present paper are accepted, we now have
two great series represented in the Simla region—the Chail and the
Jaunsar series, both of which are somewhat metamorphosed, whose
existence Holland did not suspect. These entirely fill the demand for a
representative of the pre-Cambrian group of the Peninsula in the
outer Himalayas. Further, if we were to consider the Simla slates,
the Blaini, the Infra-Krol and the Kiol as also pre-Cambrian, we
should have a far greater thickness of strata than would naturally
be expected, to fill the place of the Cuddapah and Bijawar systems
of the Peninsula,' even if we do not include the Jutogh series with
the other two. This, in any case, we consider unlikely, since the
high degree of its metamorphism inclines us to regard it as Archwan
and equivalent to the. Dharwars.

With regard to the first of Holland’s arguments, it might equally
be contended that it is just as extraordinary that the whole fossi-
liferous sequence from the Cambrian to the end of the Cretaceous
should be unrepresented south of the snowy ranges, with the ex-
ception of the Tal series of Kumaon, while a complete sequence
exists to the north of the central peaks. We do not consider that
the absence of fossils or the failure to find them in any one parti-
cular series of rocks is any real proof that life did not exist at that
period. Examples might be quoted for similar anomalies, but we
might recall that Pilgrim® has shown that the great 'Oman series
of Persia and Arabia, which probably contains in ite complex rocks
extending from the Cambrian to the Cretaceous, has only yielded
fossils in one or two localities of extremely limited area. These
fossils, poorly preserved as they are, have afforded proof of the
existence of Carboniferous, Triassic, Jurassic and Cretaceous hon-
zons. Further the Hormuz series, representing no doubt a terres-

1 It will be seen that the Vindhyan series is not included with the other pre-Cam-
brian groups, since the latest evidence from fossils proves apparently that in great part,
if not entirely, it is of Cambrian age {Rec. Qeol. Swrv. Ind., Vol. IX, p. 18, 1927),

2 Pilgrim, The geology of the Persian Gulf and the adjoining portions of Persia and
Arabia, Mem. Geol. Surv. Ind., Vol. XXX1V, pt. 4, p. 02 (1908) ;: The pgeology of parts
of the Persian provinces of Fars, Kirman and Laristan, Mem. Geol. Surv. Ind., Vol
XLVIHI, pt. 3, p. 13.
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trial part of the ’Oman complex, has been searched repeatedly for
foesils without avail until 1925, when a party of the Anglo-Persian
Oil Company were fortunate enough to discover in ome small spot
traces of undoubted Cambrian Trilobites.

D. N. Wadia has described a series of slates and quartzites with

a conglomerate at their base in the Pir Panjal range of Poonch,

resting on the Panjal Agglomeratio-Slate and

ﬁo‘i‘m%‘zmzhe 0‘33’{:;:; leaps.1 'On the K.a.shmir side of the Pir I.’a,l}ja,l

and Infra-Krol receives Middlemiss and Bion have shown that a similar

;l'_lPPOI't_ from Wadia’s geries of beds containing in ome place Lower
r Panjal work. .

Gondwana plant fossils rest on the Agglome-
ratic-Slate, which also contains Carboniferous fossils occasionally.
D. N. Wadia has, therefore, correlated the series in Poonch, almost
with certainty, with the Gondwanas. Whether the houlder bed
at their base is glacial or not is still an open question; but in any
case on the southern slopes of the Pir Panjal the most careful search
has failed to reveal any undoubted trace of a fossil. We consider
that the succession of strata in the Simla Hills, which extend from
the Blaini conglomerate up to and including the Krol sandstone
do not afford a bad parallel to the unfossiliferous Gondwanas of
the Pir Panjal. The undoubted existence of Gondwanas in the
outer Himalayas to the east of Sikkim, renders it all the more
remarkable that in the intervening area they should be
missing.

Oldham (1888, p. 138) came to the conclusion that the sand-
stone, named by Medlicott the “ Krol sandstone” iz unconform-
Oldham’s  reforence able to the Krol limestone and belong to
of the *“Krol sand- the same series as the Infra-Krol. The authors’
:}t;“%n;r:f](l\::;igg:’é‘; to  observations quite confirm this; 4 miles S.E.
" of Solon on the northern foot of peak 5236,
in what seems to be a continuous section from the Infra-Krol up
into the Krol limestone, the thickness of the “ Krol sandstone’ is
reduced to a foot from the 100 feet or so which we find on the Krol
hill. On the other hand we have found no evidence of unconfor-
mity hetween the Blaini and the Infra-Krol. We, therefore, in-
cline to regard these three members as a single group, which we
would provisionally correlate with the (Gondwanas.

1 GGeneral Report of the Geological Survey of India for 1924, Ree. Geol. Surv. Ind..
Vol. LVITI, pp. 61, 62 (1925),
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Whether the underlying Dogre slates of the Pir Panjal area
(Wadia, 1928) are the same as the Simla -slates can only be a con-

The Bimla series Jecture. Lithologically they are very similar
possibly the equiva- and are equally devcid of fossils, if we except
lent of the Dogra alates. , gingle Gastropod cast which Wadia (1927,
p- 233) suggested might belong to a later formation than the Dogra
slates.

8till more hazardous is it to attempt any correlation of the
Krol with one of the numerous post-Carboniferous limestones which

Correlation of the DAVE been recognized elsewhere. It may, how-
Krol quite uncertain. ever, be worth recalling the eristence of the
curious ' limestone inlier between Dandli and
Riasi, in Poonch and Kashmir states. This has been mentioned
The Rissi Jurassic P Medlicott, and has since been reported
inlier of Poonch. on by D. N. Wadia. This is entirely sur-
rounded by KEocene and Upper-Tertiary rocks,
and bears no resemblance to the Palmozoic formations which are
exposed in the Pir Panjal range. No observer bas been successful
in finding any undoubted trace of a fossil in it, any more than in
the Krol limestone. The early observers regarded it as Mesozoic,
and it is not impossible that both it and the Krol may find a place
in the system.

Geological work is now sadly needed to link up the two areas
of the Pir Panjal and the Simla Hills. Possibly this can never be
done completely, as a gap exists throughout the whole of Kangra,
where Tertiary rocks conceal everything else from view except for
a narrow strip on‘the inner edge of the valley flanking the crystalline
rocks : but we may vet hope that representatives of the Palwxozoic
and Mesozoic systems of the Pir Panjal will be proved by fossil
evidence to exist in the Simla area.

XV.-—.GENERAL SUMMARY.

Hitherto ocertain highly metamorphosed beds exposed at Simla
and elsewherc in the hilly country to the east, which rest on the
unaltered Blaini beds and the Simla slates, have been correlated
with the Infra-Krol and Krol series. The authors consider (pp.
8-9) that none of the theories advanced to account for their meta-

- ! Medlicott, Note upon the Sub-Himalayan series in the Jamu Hills, Rec. Geol.
Surr. Ind., Vol. IX. p, 53 (1876).
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morphism are tenable, because they involve a sclective metamor-
phism. which is inconceivable on such a scale. In view of the
constancy in character of the Krol limestone over !arge areas and
the fact that typical exposures of it occur at no great distance from
the metamorphosed beds, they think that the Simla rocks, even
were thev unaltered, are too different from the Infra-Krol and Krol
to render the correlation plausible. Tn addition the simple structure
displayed by these rocks on the hypothesis that they represent a
straight-forward stratigraphical sequence is incompatible with the
alpine type of folding such as the Himalayas undoubtedly display.

It is now suggested that these metamorphosed rocks belong to
a much older series, disposed in several (pp. 74-81; 1(0-1C4) flat
recumbent folds and thrust over the Blaini and Simla slates along
a nearly horizontal plane. Subsequent denudation has left the
overthrust older beds as outliers on younger rocks. Evidence of
this is adduced by the existence of a section (pp. 14-18) in
which two distinct bands of Blaini are overlain by two series of
quite different lithological composition both of them metamorphosed
and neither bearing any resemblance to the Krol. One of these
two series is correlated with the middle part of Oldham’s Jaunsar
series ; the other, to which the name of the Chail series has been
given, has been recognized on the Simla motor road and in many
other places bhetween Simla and Chakrata. Neither of these is
sufficiently metamorphosed to be Archaan, so that it is suggested
that they are both Purana. In the same section. resting on the
Chail series, is a series of carbonaceous slates, limestones and quart-
zites which are identical with the metamorphosed beds of Simla
itself. The name of Jutogh series is proposed for them, and on
account of the high grade of metamorphism which they exhibit
they are regarded as Archxan. The only explanation of the sec-
tion is that three overthrusts pass through the area. Geological
mapping affords additional evidence of this, by demonstrating that
each assumed overthrust is also a marked unconformity (pp. 19-25).
The three overthrusts have been traced with occasional gaps of
observation from the Simla region to the hills west of the Tons
river.

The connection which the metamorphic iocks of the Jutogh
series bear to the Chor granite mass, and the zonary arrangement
of secondary mincrals around the granite, irrespective of the re-
cumbent folding (pp. 60-74). lead the authors to infer that the
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ntrusion of the granite was contemporaneous both with the recum-
bent folding and with the metamorphism, though it may have
played omly a subsidiary part in producing the latter phenomena.
It follows that these are all of Archiwran age and prior to the depo-
sition of the Chail series. The granite is, therefore, not Tertiary,
as has often been suggested (pp. 127-131).

In the Chakrata area the authors confirm Oldham’s attribution
of the Deoban limestone to a series intermediate in age between
the Jaunsars and the Blaini, and suggest that it may be the equiva-
lent either of the Kakarhatti limestone north of Subathu (identical
with the Naldera limestone north of Simla), or of the Shali limestone,
and of approximately the same age as the Simla series (pp. 44-45).

The Jaunsar series is considered to be intermediate in age bet-
ween the Simla series and the Chail series. The limestones provi-
sionally placed by Oldham at the base of the Jaunsar series the
authors regard as belonging in part to the older Chail series, in part
to the Krol (pp. 37, 47. 49-60).

It is suggested that it may prove necessary to restrict the term
Jaunsar to the middle division of that series, as defined by Oldham,
since there is evidence that its lower division is a part of the Chails
unconformable to the Jaunsar, while the upper division proves in
some, if not in all cases, to be another part of the Chails presumably
thrust over the Jaunsar (pp. 41-43).

A cursory examination of the area E. and N.E. of Simla includ-
ing the Shali range has not confirmed many of R. W. Palmer’s
suggestions. The Subathu outcrops appear to be unconformable
to the Madhan slates; we consider the latter as probably much
older than the KEocene and provisionally correlate them with the
Jaunsar series. The extensive outcrop of cleavage slates and lenti-
cular bands of limestone is identified by us with the Chail series,
which seems to be thrust over the mingled Subathu and Madhan
slates. The latter formations seem to be thrust over the Shali
limestone. Conclusive evidence as to the age of the latter is lack-
ing, but there are some indications that it either coincides with or
succeeded the upper portion of the Simla series (pp. 120-125).

Evidence is available to show that there are stratigraphical
unoconformities between the Chail and Jaunsar series (pp. 47-48);
between the Jaunsar and the Simla series; between the Simla series
and the Blaini-Krol sandstone series (pp. 15, 18, 32, 37, etc.).
between the Krol sandstone and the Krol limestone (p. 135);
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and between the Krol limestone and the Subathu (pp. 95, 97-98,
122),

In view of the existence postulated by the authors of three thick
series of rocks, all older than the Simla slates (previously to this
regarded as the most ancient rocks of the area), it is suggested that
the thickness of Puiana would be unreasonably great if Holland’s
theory be accepted that the Simla slates, Blaini, Infra-Krol and
Krol are also Purana. Holland argued that since the Cambrian
to Mesozoic systems were fossiliferous north of the Central Hima-
layan peaks, rocks of this period, if they existed south of the snowy
range should also be fossiliferous; but it is at least equally incon-
ceivable that whereas representatives of the Palwozoic and Meso-
zolc systems occur in the Pir Panjal range and also in the Kastern
Himalayas, they should be altogether missing in the Simla region.
The authors, therefore, wish to revert to Oldham’s correlation of
the Blaini with the Talchir, at all events until more satisfactory
evidence to the contrary has been adduced; and would consider
the Blaini, Infra-Krol and Krol sandstone as Gondwana. Litho-
logically they may be compared generally with a series of boulder
beds, quartzites and slates which Wadia (1928) has shown to exist
in the Pir Panjal range of Poonch and to be almost certainly Gond-
wanas, although these also are unfossiliferous. The Simla slates
closely resemble the Attock and Dogra slates (Wadia, 1928), also
apparently unfossiliferous, and both series may be older Palxozoic.
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GEOGRAPHICAL INDEX.

Name. Latitude. | Longitude. Pages.
o v o v
Amlawa (river) . . .| % 38 77 52 | 60.
Amtiar (river) . .| 30 43 77 48 | 44,45.
Annandale . . 81 7 77 10 | 9,16, 101, 106.
Arki . . 31 9 76 68 | 94, 126.
Ashni (river) . .| %0 57 77 8 | 11,15, 18—22, 34,82,
85, 86, 89—01, 114,
116, 118.
Badhog . ] 3 2 77 10 | 107,
Badgala 30 50 71 16} | 20, 26, 28, 73, §7.
Badun . 30 893 77 7} (91,92
Bag . 30 513 | 77 10 |12
Baget (river) . 30 56 77 15 | 84,
Bahik . . 30 433| 77 26 |72
Bajni . . . 30 814 | 77 24 | 56,57,
Bakesu . . 31 3 77 3 | 92,93
Baldia . . .1 81 1w | 77 123|113
Balog ] 30 858 | 77 161 | 84,87,
Balogti . . 30 51 77 23 | 54.
Banah 30 64 77 22 | 66.
Banali Dher (ridge) 30 54 77 21 | 65—@7,
Bandla ' 3t 8 7T 2 |07




vii  PILGRIM & WEST:

STRUCTURE OF SIMLA ROCKS.

Name. Latitude. | Longitude, Pages.
° ’ ° ,
Banoti . . .| 3 7| 77 6 | 110.
Bansa . 30 41 77 41 | 37, 39—41, 46, 47.
Barhana . 31 12 77 20 111, 125, 126, 130,
Barog . . 30 53 77 b6 |6
Basantpur . . “31 123 77 10 | 113, 114, 126.
Batol . . .| 31 63| 77 2% |94.
Beola . . . 31 3 77 11 |89, 90.
Bhalag . . 30 464 | 77 19 |25,
Bhalawag . .| 30 59} | 77 13 {24,100,
Bhangal (river) 30 46 | 77 38 |29,386,37,42.
Bbangari ., . 30 47 77 24} | 56, 57
Blaini (river) 30 57 | 77 04 |s.
Boileaugunge . 31 6 7 9
Boj . 30 64 | 77 5
Chabdhar (hill) . 30 43 | 77 32 | 36,12, 76,78, 101.
Chadoli 31 3 77 10 | lus.
Chadwick 31 7 | 77 84| 90,94, 09.
Chail . \ 30 8 | 77 12 |17, 21—23, 52, 71,
82,84, 89, 100, 113,
Chakhred (river) . 31 2 77 18 | 88,119,
Chakrata . 30 42 | 77 53 |1, 25,38, 40—44, 46,
47, 49, 136, 137,
Chala . 30 57 77 21 | 23.
Chandpur (peak) 30 42 77 40 | 15, 36, 37, 40, 48,




GEOGRAPHICAL INDEX.

ix

Name. Latitude, | Longituds, Pagea.

e ’ o .

Charna . . . . .| 30 44 77 28 | 7L

Chaunri . . . . <1 31 1)1 7T 11} ] He

Chaur Dhar (ridge) . . 30 47 77 24

Chayal . . . . 30 55 77 18 | 24, 28, 71.

Cheog . . . . . 31 4 7719 117—119.

Chepal (=Chaupal) . . . 30 57 77 35 | 40.

Chhachru . . . . .1 31 & 77 113 | 90.

Chharabra , . . . .1 31 17 77 15 | 115118,

Chhob . . . . .| 30 &6 77 11 |19,

Chhota Simla . . . .| 31 05 77 11 | 90.

Chiama . . . . .1 31 1 77 44 | 83, 96.

Chor (mountain) . 30 52 77 29 39',“51, 586, 58, 70, 71,

Chorwa Hatti 30 483 ) 77 19 | 56.

Combermere Ravine (=Sunal river)

Dabrech . . . . . 30 52 77 12

Dangara . . . . .1 30 483 | 77 16 | 27.

Darog . . ‘ .| 31 & 77 24 | 115,116

Dhaila \ . . . .| 30 56 77 18 | 23.

Dhaira . . . . . .1 30 33 77 50

Dhamla . . . 30 56 7T 22 |23.

Dhanech . . . 30 57 77 22 | 24,

Dhar . 31 00 77 14 | 84,85, 89,



x PILGRIM & WEST: STRUCTURE OF SIMLA ROCKS.

Name, Latitude. | Longitude. Pages,
o 2 o 4
Dhara (Fad (river) 30 52 77 53 | 44.
Dharel 31 9| 77 14| 97,114.
Dharmpur . . 31 104} 77 194 | 125.
Dbaroti . 30 50 771 173 | 75.
Didag . . 30 50 71 22 | b4, 80.
Disau . . 30 423 | 77 48 | 45, 50.
Doohe . e 3N 9 77 b5 | 93.
Dochi .. 31 2| 77 1 |9
Donu . 30 58 77 11 | 89.
Dudham 30 53 77 14 | 12—16, 18, 19, 26, 29,
30, 33, 37, 87.
Dwan 31 03 77 20§ | 118.
Fagu . 31 5 77 18 | 38,111, 114—118.
Gadol 30 47 77 20 | 71,72.
Gahainda (hill) 31 10 77T 234 | 109.
Gambbhar (river) . 31 1 512 |92,
Gandrori 31 1}] 77 5 |91,92
(Gatogara (river) . 30 53 77 17 15—17, 22.
(Fatoli 30 50 77 16} | 27.
Geruani (=Chabdhar)
Gharog 31 9 77 b | 94.
Ghech 31 74| 77 2 | 97,100
Ghund 31 2 77 4 | 83,92, 95, 100.




GROGRAPHICAL INDEX. xi

Name. Latitnde. | Longitude, Pagea.
o . -

Ghuaan . . . . .| 30 48 T 18 | 28

Ghutrog . . . . ] 0 43 77 24 |} 30.

Qiri (river) . . . . .1 30 56 77 14 | 1114, 16, 18, 20,
22, 23, 25,29. 30,
33, 82, 83, 87, 89,
111, 115, 118, 118
—120.

Guma (hill). . . . .1 30 41 77 33 | 35, 49.

Haban . . 30 3 77 19 | 7L

Haja . . . . . .] 30 43 77 48} | 45.

Halog . . . . ] 31 1N 77 2} | 48,91, 92, 04, 95, 98,
109, 110, 112 114,
122,

Raripur . . . . . 30 468} | 77 32 | 36,76, 81,101,

Haut (=Hat Kot) . . .1 31 & 76 58 | 95.

Hion . . . . . . 30 52 77 16 | 20.

Hirti (ridge) . . . .1 31 o 77 6 |82

Jagas .« . . . s0 52 ] 771 18 | 14,24, 37,49

Jajah .. .. L) 30 s03] 77T 173 | 7.

Jakko . . . . .] 31 6 77 11 | 9,16, 65,90, 64 10},
102, 106.

Jamlog . . . . .| 31 B8} 77 2 |9

Jarag . . . . .| 30 b0 77 22 | 80,

Jhareoh . . . . . 31 3 T 1 8a.

Jubal ... . .| 30 49 | 17 173 | 24,2.7.

Jubar . . . . .1 31 9 77 5 ] 98.

s e g . - " o ——




i PILGRIM & WEST: STRUCTURE OF SIMLA ROCKS.

Name. Latitude. | Longitude. Pages.
° ’ L

Juin (hill) . . . . . 30 42 71 36 | 35—37, 49,

Juned . . . . .1 30 b59F ]| 77 13 | 89.

Junga . . . . ] 30 1§} 77 12 | 89.

Jutogh . . . . -] 31 6 7M1 ]9, 25, 65, 101—108,

110.

Kaflead . . . . .| 3r - B3| 77 3 |94

Kailana . . . . .| 30 41 77 63 | 46.

Kalana . . . . .| 30 b8 77 14 |19,

Kalka . . . . .1 30 50 76 56

Kalsi . . . . . ] 30 32 77 b1 | 50.

Keandagkat . . . .| 30 58 77 6 | 11, 20, 82.
Kanhar . . . . . 30 47 77 213

Keanhech . . . . . 30 493 | 77 16 | 26, 27, 28.
Kanhechi . . . . .| 31 1 779 | 107,

Kanoch . . . . .1 30 593} 77 7 |82 107.

Xaranji . . . . .| 30 56 77 11 | 19.

Karganu . . . . . 30 54 77 13 12, 19, 20, 22, 83.
Kariauri . . . . .| 31 63 77 23] 93.

Karog . . .| 30 56 77 12 |19,

Kashmari . . . . . 31 13| 7 4 |83

Kasumpti . . . . . 31 5 77 11 89, 90, 106, 107.
Kathlighat . . . <1031 1 77 6 [9,10,93.

Kawal (river) . . . . 30 52 77 12 | 1113, 30, 33.




GROGRAPHICAL INDEX.

Name. Latitude. | Longitude, Pages.
° ’ o

Khader 31 3] 77 13 86
Khaneo 31 9 77 B¢
Khanog 30 54 7T 7T |11
Khanotyo - 30 491 ( 77 22 | so.
Kharanji 30 56 | 77 11 |19,
Kharkan 30 46 77 414 | 39.
Knaruta 31 1 77 3 | 109, 1]0.
Kheri-ki-Dhar (ridge) . 30 50 77 21 | 56, 65.
Kiar . . 30 584 | 77 9 | 99, 2L
Xiar . 30 574 | 77 16 | 85.
Kiar Khala (river) 30 504 | 77 16 | 28.
Kiarighat 31 o 77 6 11, 10,11, 15,
Kohlan . 30 49 77 17 | 24,25, 71, 72.
Koruwa 40 77 51 | 50.
Koti . . 31 2 77 16 | 86.
Krol (hill) . 30 874 77 6 |9 11,96, 134,
Kufar 30 433 | 77 22 | 25,29, 30,78,
Kufar 30 36 77 23 | 23.
Kufri . . 5 31 11} 77 2 } 98
Kufri 31 6 77 16 | 84, 113, 118, 119,
Kuftu 30 45 7T 21 | 25.
Kubat . . 30 5131 77 11 (1L
Kuni (river) 3T 77 21| 83,92, 04, 96, 97, 109,

- aama



sty  PILGRIM & WEST: STRUCTURE OF SIMLA ROCKS.

Name. Latitude. |Longitude. Pages.

°o o

Kurgal . . 30 66 77 12

Kuwara 31 341 77 10 | 86,

Kwanu . 30 4131 77 45 | I8, 44

Ladib 30 44 | 77 203 | 20.

Lagou . 30 413 | 77 24 | 32.

Lakhoti 30 56 77 16 | 23, 84.

Ludihana 30 43 77 27 | 32

Mabhana . 31 5 77 114 | 90,

Madoli . . 30 42 77 27 | 33, 34.

Mahasn . . 31 6 77 17 | 111, 113, 118, 119,

122.

Mamlig . . 31 3 | 717 2 |92

Manal . 30 46 77 22 | B8, 72.

Mandhali . 30 50 77 57

Mangan . 30 454 77 20 |29

Manjat . 31 6 | 1 3 |91

Mareog 30 524 | 77 13 |12,

Mashobra 31 8 | 77 14 |6, 111,112, 118, 119,

122, 123.

Matiari 30 49 77 24 |70, 71.

Mattiana 31 122 77 24 111.

Minay 30 46 77 42 39.

Nagtikar (peak) . 31 134 77 20 120, 121,

Nahera 30 5001 77 134 | &4




GEOGRAPHICAL INDEX.

ol
Name. Latitnde, | Longitude. Pauvs,
o 7 o
Nahern . . . 3N 4 7T 16 | 89, 108, 107,
Naihna . . 30 484 T7 40 | 39.
Naldera . . . 3111 77 11} | 44, 111113, 122,
Naog . . 30 57 77 14} | B4, 89
Narkunda . . 31 18| 77 28 | 114, 116, 117.
Naurs . . . 30 49 77 25} | 54, 566.
Nauraghat . . . 30 49 77 25 | 54, 66, 58,76, 17, 19,
81, 101,
Nauti (Senj) (river) 31 9 77 18 |38, 111, 1M, 120,
123—1%26.
Nehari . . . . 1 77 16 | 118.
Neweli (river) . . . 30 39 77 43 | 131,
Niguili . . . . .1 3% &1 77 16 | 14, 20, 49,
Nimga . . . .| 3 513 77 52 | 127.
Nin . . . 31 0| 7T 17 | 85,
Nohan . 30 57 77 16 | 84, 119,
Olong (hill) . . 30 48 77 281 ) 3235, 38, 72, 101.
Pabech . . . . 30 68 771 22 | 23.
Padrog . . . st 6|72 |us
Pain Kufar Dhar (ridge) 30 57 77 23 | 23, 63.
Pajal . Jo 58 77 17 | 88.
Pal . . . . 30 56 77 20 |23
Pallaini Gbat . . 31 10 77 0} | u8.
Palor (river) . 30 42 77 24 | 30, 3234, 40.




xvi PILGRTM & WEST: STRUCTURE OF SIMLA ROCKS.

Name. Latitude. | Longitude. Pages.
° y ° ,
Panhoti 30 59 77 14 | 84, 83, 89.
Panti 31 8 77 7 |99,
Parala 31 ¢ 77 24 | 115, 116.
Parari-ki-khad (river) . 31 1 77 17 119,
Pateri ka Deo (river) 31 6 77 2 | 93, 94, 110,
Pateuri 30 51 77 53 | 44.
Pau ka Ghat 31 8 77 2 |97
Paura 30 413 | 77 25 | 82.
Pervi (river) 30 52 77 18 | 15, 16.
Piran 30 5841 77 17 | 88, 113.
Piriya Ghat 30 44 71 22 | 25, 28, 29,
Piroi . 31 103 77 14| 98
Prospect Hill . 31 6 77 8 | 16, 59, 101, 104, 107
—109.
Pulilani Ghat 30 42 77 32 | 36.
Punnar 30 45%1 | 77 25| 68,71, 78, 79.
Rajgarh 30 b1 77 18 | 16—20, 71, 74, 75,
101.

Rana Ghat 30 56 77 18 | 22, 23, 84.
Ranyat 30 463 | 77 39
Rerli . 30 41 77 25 | 32
Riwari . . 30 52 77 114 | 11, 12,
Sahiya . 30 37 77 53 | 50.
Nain Dhar -, 30 350 77 18 16, 25, 74, 75.




GEOGRAPHICAL INDEX.

i -
Neame. Latitude. | Longitude, Pages,
o s o s
Bairi . . . . 31 & 177 3 |38, 92, 63, 95, 100,
112,
Sakhaoli 30 454 ) 77 41} | 30.
Sandra . <1 0 4 77 17 | 26.
Sangrah . . .| 30 42 | 77 25 | 22 128,
Sanjeuli . . . 31 6 77 12 | 6, 86, 112, 119.
Sanyon-Didag (see Didag) . .
Sargaon . . . 30 &6 77 164 | 22.
Satlahi . . . 31 0 77 18 ] 119,
Senj (=Nauti) . .| 31 9 77 18 | 117, 180,
Setambu .| 30 s28| 77 244 | 56, 57.
Shadhal . ] 31 13| 7 6§ {107
Shalai . ] 30 41| 77 4 |15, 37.
Shalamun . .| 30 614 77 14 | 20.
Shalbodi . .1 31 23| 77 133 85, 88.
Shali (peak) 31 113 77 17 (111, 1197, 120, 18,
126, 137,
Shamra 30 4b T 23 | 25, 72, 75, T71—T9,
Shangin 31 4| Mmoo 59.1 0110'8.
Shapahan . 31 6| 77 114 ¢ 90,
Sharah Dhar (ridge) .| 30 47 77 26§ | 56.
Sharer 31 e}l 71 2 |92, 93,95, 96, 99,
Shekoh . . . .1 31 84| 77 2 |108.
Sheola Khala (river) . .| 30 49 77 16 | 20, 2529, 75.




ViR PILGRIM & WEST: STRUCTURE OF SIMLA ROOCKS.

Name, Latitade. | Longitude. Puges.
o s o

Shogi . 31 84| 77 73| 101

Simls 31 6 | 77 10 | 6—9, 16, 23, 63, 65,
82, 84, 87, 94, 95,
99—102, 105—106,
110, 112, 122, 132,
132, 135, 136.

Soat (hill) . 30 41 77 27 | 3133, 36.

Solon 30 56 | 77 6 |5—s, 11,86, 87, 124.

Sotani 30 49 | 77 24 | 64, 81

Subathu . . 0 58 76 59 | 46,

Sunal (river) 31 3 77 10 | 106,

‘Tandalail (river) . 31 ¢ 77 8 | 16,91,

Tara Devi (hill) . 31 3 77 8 | 17,59, 107, 108,

Tarail 31 8 77 3 | 109,

Tarhai 31 1 77 154 | 88,

Thail . . 31 9 77 16 | 123,

Thana 30 40 77 53 | 49,

Theog 31 7% | 77 21} 38,111, 114—117,

Ther . 30 48] 77 17 | 25, 26.

Thumari . ‘ 30 46 77 41 | 39,

Thund 30 584 77 16 | 88,

Tikar 30 42 77 30 | 3b.

Tikar-ka-khale (river) . 0 42 77 31 | 35,

Tikari 20 42 | 77 25 | 30,32

‘Likri . . 30 46 77 19 | 72.




GEOGRAPHICAL INDEX.

Name, Latitude. | Longitade. Pages.
o o+ | o
Topi . . . .| 80 83 | 77 23 |54
Udpalta . . .1 30 37 71 54 50
Ugrech . . . 30 42 | 77 31 |3s.
Uproli . . .1 80 38 77 54 | 60.
Wakna . . 31 ol 77 5 |83, 96
Yan . . . . 31 1| 77 10 |90,

MGLIPC~M~—VIII-4-1—24-12-28—T00.
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