


MEMOIRS OF THE GEOLOGICAL SURVEY OF INDIA. 
I. Pf. 1, IS56 (o& a1 print) @+ica 1 Be.) : &d and I.rcul of Tdohtr.-Td~ht 

Uod-lelh-Goid yiddiq depoaita of U A m m . 4 o l d  from 8haB- 
gw- Pt. 2, 1568 (d of piat) (prior 2%) : ,eologioaJ a t ruo tw  of I& 
portion of Khasi ~ - - G e o I ~  struotum-of Nilgiri Hille (Mad-). 
Pt. 3, 1839 ( o d  of pid) (m 2 Rs.) : C h l u g i d  stroot~rr,  and phyaioel 
featares of distriob of Bankma, Midnapore, and Orism.-Lathrite of on- 
am.--Pos9il fish-teeth of genus C c r d w ,  from Xaledi, south of Nagpurl 

11. Pt. 1, 1839 (out of print) (price 2 Rs.) : Vindhyan roob, 3nd their wdtee 
in Bundelkhand. Pt. 2, 1860 (out of print) (price 3 Rs.) : Geologicel 8tru0- 
tup af oentral portion of Nerbudda District-Tertieq and alluviel de- 
poaita of central portion of Norbudda Valle~i.-GeologiaaI reletiona a d  
w o b b l e  w e  of eystems of rooks in Central India and Bengal. 

ILL Pt. 1, 1061 (OM of prild) (price 3 Re.) : Raniganj Coal-field.-Additiod m- 
marka on ey~tsrn of rocks in Central India and Bengel.-Indian Mineral 
Btatistics, I. Cml. Pt. 2, 1864 (out of print) (price 2 Rs.) : Sub-Himalayan 
R w e s  between Genges and Ravi. 

IV. Pt. 1, 1M% (out of print) (priee 2 RE.) : Cretrmeoua Rwke of Triohinopoly 
pistriot, Madras. Pt. 2, 1864 (mi of print) (price 2 RS.)~: Distriuta of Tri- 
ohinopoly, Salem, etc. Pt. 3, 1865 (out of print) (price 1 Re.) : Coal of 
Assem, eto. 

V, Pt. 1, 1065 (out of pr,ri?U) (pr im 3 Re.) : Sections acroas N.-W. H i d o y a ,  from 
Sutlej to I n d u a 4 y p s u m  of Spiti. Pt. 2,1866 (mt of pn'nt) ( p r b  1 Re.) : 
thology of Bomba . Pt. 3, 1866 (out of prinl) (price 1 .Re.) : Jherb  Coal- 
field.-Geological 8 bservationa on Western Tibet. 

V1. Pt. 1, 1587 (out of print) (prim 8 As.) : Neighbourhood of Lynyas, etc., in 
Sind.-Geology of portion of Cbtch. Pt. 2, 1867. Rep. 1908 and 1921 
(price 2 Rs.) : B o k h  Ooal-field.-Rmngarh Cod-field. Tmpe of Weefern 
[and Central India. Pt. 3, 1860 (price 2 Ro. 8 88.) : Tapti end  Nerbudde 
Va1leya.-Frog-bed8 in Bombay.-Oxyglossua pwillw. 

VLI. Pb. 1, 1869 (pr im 3 Rs.) : Vindhyan aeries--.%oral Statistics : Cod-Shil- 
long Plateau. Pt. 2, 1870 (out of print) (price 1 Re.) : RmharbBri Cod- 
Se1d.-Deoghr Coal-field. Pt. 3, 1871 (out 01 p, id) jprics 1 Re.) : Aden 

, water supply. -Kamnpurs Coal-fields. 
VIII. Pt. 1, 1372 (pice 4 R9.j : Ktadapah land Keruu! Formatiom in Madras Pre- 

aidescy. Pt. 2, 1872 (out 01 print) (price 1 Re.) : Itkhuri Coal-Geld.- 
Daltonganj Coal-field.--Chop0 Caal-field. 

IX. Pt. 1, 1876 (price 4 R3.) : Geology of Kutch. Pt. 2, 1572 !price 1 Re.) : Geo- 
logy of Nagpur.-Geology of Sirban HrlL-Carboniferous Ammonites. 

X. Pt. 1. 1573 (price 3 Rs.) : Geology of Madras.-SAtpura Coal-basin. Ft. 2, 
1873 (out of print) (price 2 13s.) : Geology of Pagu. 

XI. Pt. 1, 1874 (price 2 Rs.) : Geology of Darjlling and Western Duars. Pt. 2, 
1875 (price 3 Re.) : Salt-region of Kohat, Tram-Indus, 

Pt. 1,187d (pr ice  3 K.3.) : Smth XahrAtta Oountry. Pt. 2,1876 (price 2 Ra.) : 
Ooel-6elda of Niglt Hills. 

XIII. Pt. 1, 1877 (price 2 Rq. 8 As.) : Werdha Valley Coal-Eelcl. Pt. 2, 1877 (price 
2 Ba. 8 As.) : Gedogy of RBjmabl  Iiilts. 

XIV. 1578 (price 5 Rs.) : Geology of Sdt-range in Puujab. 
XV. Pt. 1, 1578 (out of print) (price 2 RY. 8 AT.) : .h1runga and Hutair Coal-Belda 

(Pala now). Pt. 2, 1393 (price 2 Lts. 8 -1%) : Ksmkola and Tatapsni Coal- 
fiel& (Sirguje). 

XVf. Pt. 1. 137'3 (pr ice  1 Rn. 3 As.) : Ueolngv of E&s t~ rn  Coast from Lab. 15' to 
~ a j u l i p e t a m .  Yt. 2, 1880 (price 1 Re. 8 As.) : Nellore Portion of Car- 
natio. Pt. 3, 1830 (price 2 Ra) : Coastal Region of Codavari District. 

XVII. A. 1,1971) (price 3 R3.) : Goology of Western S~nd. Pt. 2, 1830 (price 2 Rn,) : 
Trans-Indua extension of Punjeb salt-range. 
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XVIII. Pt. 1, 1881 (d ( ~ I t R a  8LbaUauuW- R%m 
8 A r )  : &n binan vrrd BinghMam Ptr 3, UL81 

(d 4/ pll;ho (pice 2 lk) : p&bibC;dvaPi  vale. I 

XIX. rt. 1, 1882 (pprioa 2 R..) r Wbu M q ~ k e  of M Q .  % 1- 
print) (pis 1 b.) : 'l%wmd 8ptin of Iedk Pf, 8.1868 (priu 1 Re.) s 
c*w* of Iodh. -quar. a 4 1w (mt ' q p i . L )  (pLf 1 Rc.) . 
Geology,d pa* pi h n i p u r  and Nrgo liillr. 

xx. Pt. 1,18@ (& #print) (price t lb. 8 &.) : Gtolw of MOdum aud Time- 
veUy. P t . % l W ( d ~ p r i ~ ) ( y r i c e 2 K # 8 L Q I + I : ~ ~ * ~  
Hills & neighbourfld of &id and Punjab F W r  between slbd 
lks Ubati K h m  

XXL Pt. 1, 1884 (d 01 'rd) (H 2 %) r Gbololly of Lower N.rbada Vslbj. 
PL 2, 1884 (ou( &Lui (prAx 1 Rr) : 6 T oiKAbvab,TX8,fssG, 
Rep. 1925 (price 6 Ru. 14 h i ) ;  Cod-fieh &ubh Uswrh. Pk 4 1M 
(d O! print) (price 1 Be.) : IlssPan Ilshmd, 

XXU 1883 (out oJ f lM)  (@ 6 lh) : G d ~ t g y  of -, u b m b  -. 
XXIIX. 1801 (price 6 Re.) : Ooolagy of Cestaal Himalagar. 
XXIV. Pt. I, 1887 (pics 1 Re. 8 An.) : Lioutheru W-fielde of Bitpars M ~ 8  

b i n ,  fi 2,1890 (out o j p ' d )  @ 2 I6a 4 Aa)  : aeoloRy of S u b - B h -  6 lapa at h r h w d  bnd Kumaun. t. 8,1890 (mi4 01 kt) ( 1 h. 4 : b" x ~ i v e m  Geology of Sonth Mnlabm, between Baypore ao Po 
xxv. 16% (out of @& 6 Ra.) : Oeulogp of lkllsry Dirfrbot, Thfidma Ral- 

de3lcy. 
XXKL 1896 (W 4 pit?.#) (price 6 Ra) : Qaology of Hamm. 

xxvn. ~t 1.18~6 (d 01 pi@ p I Re.) : Marine FouiL from U ~ a e  of dpPr 
Burma. Yt. 2,1897 (owl o/ prid) (prim 4 Ba) : Petrolaunr in Bunnr .ad 
its ~~1 ex loitatiun. 

XXVIII. Pt. 1, 1898 (OYI O ~ ~ ~ I I I )  (pis 2 &) : Geolc~gicd Structure of Chftbhun 
region.--Alhhbund in north-week of Krnn of Knchb.--C4eolw of 
of Myingyau, Nagwe a d  PaLol&u Diatrict~, Hurm~--(ie-o1qgy d 
Hills in -4-m.--Geology of Timh and ~laz& Valky. Pf. 2, 1WO (@a 
3 RE.): Charnockite krieia, group of Ar~hma Hgperatheuic Kwlm tn 
Penimdar India. 

XSIX. 1900 (MA 6 h) : hrthquake of 12th June 1897. 
XXP. Pt. 1, 1900 (pie 2 h.) : Aftemhoakm of Greet Esrthquake of 12th Jmno 

1897. Pt. 2, 1900 (price 1 Ile.): W o g y  of neigbboarhood d 8J8m, 
3 i d . c ~  l'resideney. Pt. 3,1901 (pricb 1 KO.) : Sivamnlai Series of Elmo- 
lib-Syedtm and Corundum Syeaib. Pt. 4, 1901 ( p h  1 h): aedo- 
gioel Cbqpw of Peris. 

X V .  Pt. 1,1901 ( o J  ojprinl) (pries 2 &I.) : G8al d 80n Valley in hwab Btrk, 
4g, esd af PofCI of Jsbalpur and h p u ~ .  2,lW)l (prri6c 3 Bs.) : Baa- 

ahistan Deserf and pert of hutem Peraia Pt. 5, 1901 (price 1 Ba) : 
Pepidotitee, SsrpentiRe'B, eta, f ~ ~ ~ l l  LtKuh 

XXXLI. Pt. 1, 1901 ( p i c e  1 Ba): Recant A r t d n n  Experiments in I& Pt. 2, 
l W l  (price 2 Ra) : Rampur Caal-hid. PC. 3,1902 3 Ra) : " w e  
Bloaks " of Malls JohsE in Bhot Mahals of Kum~on. Pt. 4, 1904 (oat o j  
pi4 (pice 3 Ra.) : Jammu Cod-liclda 

XXXlll. Pt. 1, 1901 (price 8 Re.) : Kolar Gold-field. Pt. 2, 1901 (pries 2 Ba) : Art. 
1 : Cold-bide of WainBd. A& 2 : Aurifemns Q u * ~  of Porfida&, 
Chob  Nagpur. Art. Q : Auriferous looelitiea in North Coimbotara PL a, 
1902 (pries 1 h.) : Geology of Uahandi  State, h k e l  Pro*cea. 

XXXIV. Pt. 1,1901 (pries 1 Ra.) : Peculiar form of altered Peridotite in Mymm 8tat.e. 
Pt. 2,1902 (d of *nt)  (price 3 Re.) : Ahce deposit5 of Lndia. Pt. 3, lW3 

, ( p i c e  1 Re.) : 8aadhills of Clifton near Karachi. f't. 4, 1008 (out of p i r r l )  
( p i c e  4 Ra.) : Geology of Peisian Gulf and adjoining portions of Pwia rrrd 
Arabie. 

XXXV. Yt. 1, 1'303 (out of print) (price 2 Re.) : Geo lwv  of \1;08tarn Kaj utant~ YI. 
2, l9rd (pica L Re.) : Mtarshocka of (2-t Eartl lqdc of 1 Z t t  June 1897. 
Pt. 3. 1% (out of p in t )  (prlce 1 Ke.) : & ~ m i a  phenomena in IWitah 
Illdia alid tbcir cum~ection with ita Geology. Pt. $ 191 1 1 Re.) : 
Citn>Iogy of Andaman Ialandtr, with mferenco to Xicobam 

XXYVI. Pt. i, 1904 (price 4 b.) : Q 4 o . q  of Spitl. PL 2, 1W7 (p ie  3 Ra): k 
logy of ProPinoba 3f T w  and L' in Central Tibet. Pt. 3,1012 (p ica 
3 Ke.) : Triam of the lfimdayaa 



YSXVLL 1909 {price o/ conupbe M)~II)I: d &.) : i%~lga0~.t8.0re Dapomlb d In& : 
Pt. 1 (olrl njpr i lJ)  ( p r i m  3 I&.), Intrndaotim end Miau~rrlogy ; Pt. 2 (out 
'of pn'd) (prim 3 J k ) ,  aedogy ; Pt. 3 (& of #3) (yrdcc 4 k), Ecoao- 
mias and Mining ; Pt. 4 (ord o j p r i d )  (* 6 &. ), h r i p t i o s  of hpositu. 

XXXYIII. IQlo {out of *) (price 6 Rs.) : h g r a  Wthquske  of 4th April 105 .  
#XXZX. Pt. 1, 1011 (price 2 Its.): Geology of Northern Afgharhttrn. Pt. 2, 1913 

(out o/ print) (prim 3 Ra. ) : Geology of Northern Shall Sttlks. 
XL Pt. 1. 1912 (mi$ of print) (price 5 Rs.) : Oil-FieIda of Bunna. Pt. 2. 1814 

(price 3 Ib.) : Petroleum Oocmnoee of h i a m  und hnge l .  Pt. 3, 1020 
(&of prin.t) [ p r h  8 h): Petsoleurn in the Pnnjab aud North-West 
J'mntier Province. 

XU. Pt. 1,1913, Rep. 1022 ( p k 4  6 h.) : Coal-Gel& of India Pt. 2, 1814 (pice 
3 Re.) : (feologj and Coal Reeouroee of Korea Stah, Central Provinoee. 

XLIL. Pt. 1, 1914 (price 3 Fta) : Burma Earth nakes of May 1912. Pt. 2, 1917 
( H e  3 Ru.): Tho atru6tu.m of the drnaleYm and the Gmgetio Plain. 

XLUI. Pt. 1,1913 ( ~ 4  qfpr id)  (price. 2 Ra) : Ihdian Qeologiwl Terminology. Pt. 2, 
1916 (price 1 Re.) : Catalogue of hfetaorites in the collection of the Goo- 
logical Survey of India, Caloutta. 

XLIV. Pt. 1. 1921 (price A Rs.) ; Geoloey of Ider Steta. Pt. 2, 1023 (price 6 Rs. 
8 h.) : Geology and Ore Depoeita of Tevoy. 

XLV. Pt. 1, 1917 (out of #nt) (prioe 4 Ra) : Qeology of North-Eastern Rajjyutana 
w d  Adjaoent dietride. Pt. 2, 1822 (p i ce  3 Re.) : Gwalior and Vindhyen 
Systems in Sonbh-Eaatarn Rajputane. 

XLVI. Pt. 1, 1920 (price 3 Ile.): Srimangal Ensthquake of 8th July 1918. Pt. 2, 
1926 ( p i r e  2 Rs.) : The h t c h  (Kaohh) E e r t h q u b  of 16th June 1819 with 
e Revision of the GI-t Earthquake of the 12th June 1897. 

XLVIE. Pt. 1, 1920 (pr ice  3 Itu.) : b h e s  and Mineral Besouroea of Yunnen. Yt. 2, 
1023 (price 4 Ka). The &Wine Lakes and the Soda Industry of Sind. 

XLVIII. fi. 1, 1022 (price 5 k) : Geological Notes on Mesopotarnie with special 
derences to Oocurrenoee of Petroleum. Pt. 2, 1925 (price 3 Re. 12 As.) : 
Geology of parts of the Peraien Provino~s d Fara. Kirman end Larhtan. 

XLIX. Yt. 1, 1923 (pick 5 h. 8 AB.) : The Bauxite end Muminous Laterite occur- 
renoes of India. Pt. 2, 1028 (pice 7 Rs. 12 Aa) : The Former Glaciation 
of the Fat  Lidar Valley, Kaehmir. 

L. Pt. 1, 1925 (price 6 Re. 6 &.) : Descriptions of Mol lwe from the Poet-Eocene 
Tertiary Bormation of North-Weatern India : Cephalopoda, Opistho- 
branchiata, 8iphonoetometa. Pt. 2, 1928 ( p k e  6 Rs. 10 A%). Desoriptions 
of Mollusoa iron1 the Post-Eocene Tertiary Pormation of North-Western 
India : Qtwtropoda (in port) and Lamellibrmohiata. 

LI. Pt. 1, 1926 (pr ice  2 Rs. 8 AE.) : Indian Geological Terminology. Pt. 2, 1928 
(price 7 Re. 0 Aa.) : The Geology of Poonch State (Kmhmir) and Adjacent 
Portiolls of the Punjab. 

LII. Pt. 1,1925 ( N e  7 Hs. 8 Aa.) : On the Geologicel Struoturo of the Karanpura 
Cod-fields, Bihar and O r k .  E't. 2 (I,, the p u s )  : Tlle Aluminoue Re- 
fractory MateriaL : ICyani~e SiUimsnitu and Corundum ilr Northern India 

LIII. 1928 ( p &  4 h) : T h e  Structure end Correlation of the B i d s  Rooks. 

* 
~nte and index to  memoir^, Vole. I-XX and Vole. XXI-YXXV. Price 1 rupao each. 



(SEE. I, UI, V, VIP V U L  -4RETAOEOU6 PAUNA OF BOW'Df.&RM 1 #111 A, 1s P. 81'OU- -- C d A ,  ar.p V a  I. pt. I ; )r II. F. BLANFORD. 
B u r  I 4 ITI. ---Y*L. I TboCkphJopad. (l861-85), pp. t lC  01 (0 cbvbk) ( o d  *JpW). 

v . 3 0 ~  11. The Qmkopoda {lW-(IO), pp. &I pb. 243 lor4 4- 
VI.-Vot IIL The Pebtypod~ (1870-71), pp. x d ,  631, plr. BO. 

VUI.-VOL IV, Tho Bnobiopods, CWopmh Eahinodsn~U~ &ah, eta., (M7%78k 
e pp. v, 202, pl@. ea. 

(0- 11, XI, XI1.)-TKE P088JL FLORA OF TEE GONDWAXA &YbTEY, bp 0. m8'f- 
MBlUTEL, czqp$ FOL. I, Pt. 1, bj( T. O W A H  and J. MORFlW. 

VOL. I, pa. xviii, #9 78, 1888*7@. PL 1 (mC qf : W M  Group, Rqmdd 
d f i a :  me-. h a :  * t a M Q l q i l b  m4r 
O l i ~ a o a c t b e ~ ~  

VOE* IS pp. di, Pt. 1 : J-ic Flom d M, Ptc 2 : Rora crl the 

VOL. I I l r  pp. 1d, d a b )  [I-XXXI i- LA--XLVIZe;l. 1878-81. Pt. 
! I !d&ii -Kubhd badr 1% 2 ; Tbr Fha d iba 

hmuda  end Panchet 1)ivieiona. Yt. 8 : TAe hesame [ e o ~ & ~ W f .  
VOL IV, pp. xxvi, 25 -tM, pb. 35 (2 doable) (I-XXIS L A - W A ) .  PL 1 {1882) (& qf 

'tall : Fad Flora of the Sauttr Rewah Uondwsne basin. 1% 2 (18W1): 
mail more of some af &he -1-fields in Westem &engal. r 
(Sm. IX.) JURA&SIC FAUNA OF KUTCH. 

VOL. I, (1873.76). The Ceyhdopocla, p i, 247, pls. 60 (8 doubk), b - W. W A A ~ W .  

I 61 pn'db 
fi k VOL. 11, pt. 1 (1893). The Ednoidee of ach, pp. 12, ple. 2, by J. . Galworry (mr 

VOL. U, pt. 2 (ls00). The Cords, pp. 196, I-IX, plt~ 2% by J. W. G n w o ~ r ,  
VOL. In, pt. 1 LW). TBe BmoUopode, pp. 87, p k  15, by R'. L. KPmmu. 
Y a  I*. ph 3 11-1. bai- iata:  G a u s  Trip*. pp. la, p h  10. by F. 1. 

KrmnIil. 

- 
,(Sxn. IV.) -.INDIAN 1'liIE-TFWl"l'RY Y1Sl:TEIIHATA. 

V~)L. 1, PP. vi, 137, pIa 26, lMi6-85. Pt. 1 (lb65): Tbe V o r f A b ~ ~ ~ b  Fimilb tmnl Cllu IJanclwt 
ruuka, by T. H. HUUEP. 1% 2 (1878) : The Yertetuite Fms11n ( ~ f  the 
Kota-Alaleri Grony, by SLB P. na 8'1. (:RBI- ~ L % T O I ,  L. C. MIALL,. llad 
W. T. BLAIUPORD. Pt. 3 (1871)): K e j ~ l i h i  aud Batracl~in. It. LID=- 
RER. & 4 (1586) (mt of pra)  : TBs LabyrinGlldont fnm tbe 13ijo1-i p u p ,  
b R. L Y D P ~ B B ,  Ptc 5 (18%) (otrL uf print) : The Hel~tilk 4 Alnfiibb 
o 9 the hlalcri md I h n w e  groupis, by EL. I r ~ ~ x ~ ~ ~ ~ .  

(Ssa.  X.) --1NI)IAIL' TEl1'I'I A HT AXI) 1'OST-TEH'l'lAlt 1 Vli1ITEliltA'A'd, by 
X. LYYELiktt:lt, t ~ c c p l  b 0 1 .  1,  1'~. 1, by K. B. F0~r'l'E. 

VOL. 1, PV. xxx, ;UH). pls. 511, 1854-SU. l ' t .  1 : Rhiaoeura tlectamuk. 1%. 2 : &]u 
teoth and ilthor mniahru d 3larmualie. 1%. 3 : C'rmio bf hmiPante .  
Y t .  4 ; dupk~lenlait.fi to 1'1. 3. P t .  6 : S~walik and N k r h d e  l " r o l . ~ i & &  
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$8, 1881-84. PC. 1 t Rhin-~tide. Pt. 2 r 6~ ple- a pp' "* a- d Narb* p r a ~ ~  ~t 3 ,  M.WI NL 
Equida. Pt. 4 : Mwmlik oemelo rdslMm. Pt. 6 : Biwalik 8 e l d o n t  r S u h q  *to. Pb. 0 r Siwalik and arbada Ccmivore. 

VOL Ilk pp. xxiv, 264, plm. 38, 18&4M. Pt. 1 (owt o j  : Additional Biwalik. Periaeo- 
h t y l a  and Proboscidie. Yt. 2 (out of pid) : 8iwalik and Narbede, 
B u d o n t  Suina. Pt. 3 (out of pi&): Rodents and new Ruminante 
from tho Iliwalika. Pt. 4 (out of +7d) : S i d i k  Birds. Pt. 6 (mi of 
pi@) : SIosfodon Teeth from Perirn bland. Y t. 6 (out 01 pri J)  r Siwalik 
end NarbsdP Chelonie. Pt. 7 ( o d  of pint )  : Siwalik Crocodillr, Lawrtilia 
and Ophidia. Pt. 8 (out of print) : Tertiary Fiahea. 

Vot. IT, pt. 1 (otd of pi&), 1886, pp. 18, pla 0, Siwalik Mammalia f8u plement). 
Va. IV, pt. 2 (out of print), 1886, pp. 40 (19--S8), pls. 5 (vii-xi). he Fauna of the Kernul 

oevee (and addendum to pt. 1). 
d' 

Vat. lV, pt. 3 (wt o j  ptid), 1887, pp. 7 (60-66), pla. 2 (xii-~iu). Eooene Uhelonia from the 
Salt-range. 

[Sm. VII, aV.)-TERTIARY AND UPPER CRETACEOUS FAUNA O F  WESTERN 
INDIA, by P. MARTIN DUNCAN and W. PERCY SLADEM, exept PT. 1, by F. @TO. 
LICZICA. 

VOL I, 1,~. 16+110-t382+91=699* pla 5+28+58+13=104, 1871-86. Pt. 1 ( a t  of 
pi&) : Tertiary Ckah from Sind and Kaeh. Pt. 1 (new 2) : Sind Foesil 
C o d  and Slcyonaria ; by P. Martin Duncan. Pt. 3 : The Foesil Echi- 
noidea of Eind : Fm. 1, The Card* b e a u W i  beda: Fm. 2, The Ranikot 
S e r i ~  in Westam Sind ; Fm. 3, The Kbirthar k n e a  ; Fm. 6, The Nari 
(Oligocene) Serier,; Pa. 6, The Gaj (Miocene) S~I-iee : Fas. 6, The &LrSn 
(Pliocene) Series ; by Iluncan and Sladen. Pt. 4 : The Fossil &hinoidea 
01 Kaoh and Kattywar ; by Duncan, Sladen a d  Beldord. 

(SEE, XII1.)-SALT-RANGE FOSSILS, @ WILLIAM WAAQEN, PH.D. 
P~odwb-Limestone Qroup : Vol. I, pt. 1 (1879). Pisces, Cephalopoda, pp. 73, pls. 6. 

*, np , ,, 2 (1880). Chatcopode and supplement to pt. 1, pp. 111 
(73-183). plm.10 (1 double), (vii-xvi). 

S* I) ,, ,, 3 (1881). Pelecypoda, pp. 144 (186-328). pie: 8 
(xvii-dv). 

*B p a  ,, ,, 4 (1882-85). Brachiopodo, pp. 442 (329-770). pls. 62 
jxxv-lxxxvi). 

,, 1, ,, ,, 5 (1885). Bryozoa-Snneidae-Eohinodennato, pp. 64 '. (7'71-434). ph. 30 (Ixxxvii-xavl). 
sI ,s , , ,, ti (1880). h l e n p r a t a ,  yp. 90 (835-924), ple. 20 

(xcvii--cxvi). 
*B  , , ,, ,, 7 (1887). Conlenbrata, Protozoa, pp. 74 (926--998), 

pls. 12 (oxvii-cxxviii). 
Foeails from tho Gratito l torn~ati~~li  : 1-01. I T ,  pt. 1 (1895). Pi~oebl- Amuiot~r~idca, 1'1). 324, 

pls. 40 (out of prrnt). 
Qeclogio~I &%ults : Val. [V, ]bt. 1 (1889), 1'11. 1- Y8, 111s. 4 (out of yrirbl). 

, I *I I? ,, 2 11 891 ), pp. 89--242, pis. 8 (07it o j  print). 

(SEES. SV.)-H~MLIIJAY A& FUSSlLS. 
Upper-triaeuio aud liari~ic fauntr (4 the  exotic blocb of hialln, Johar i u  t.llc Xhot 81;1hals of hrl- 

maon : Vol. I, pt. 1 (1008), pp. 100, pLa I6 ( I  douhlc). I J ~  Dr. C.  I)+-nrr. 
Anthrauolitbio Fo~sils of Kash~nir a1111 Spili : Vul. I, pt. 2 (16!W), jtp. 96, plb. 8, by I)r. C:. T ) ~ c . l i t ~ r .  

The Permowrh~nifero~lc~ Faunn of Chitichun Nu. I : Vol. I, pt. 3 (1897), pp. 105, plq. 13, by Dr. 
C. Dianer. 

The Pern~ian Bn~sile of the Productus Shales of Kumann aud Garhwal : Vol. I, yt. 4 (1897), pp. 
64, p l ~ .  6, by Dr.'C. Diener. 

T L  Permian Fotcsila of the Central Binlalagas : Vol, T, pt. 8 (lw), pp. 204, PIP. 10, by Dr. C. 
Ilisnsr. 
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U p p r  Tr- C b p h . l o F  W of bbs -g8 t Val. 111, fi  1 (1899), ~ p .  IW, plr. 2S, 

by Dr. F. von Mokrrovioo. 
Trier &mbiopab and Lamellibrenobhta : VoL IJU, pL 2 (lBW.), pp. 78, pIu. I t  (2 due&), 

by Alerander Bittner. 
The IPaant~ of the Bplti 8bdm : VoL IV. Gphalopdr : F m .  1 (I-, pp. 182, r. 18 ; Fue. 

2 (1910), p p  1-, 47 (3 dablo) ; Fw. 8 (1PIO). Irp. & Pi b % t I V. U W .  Lsmdibrenc ta and Qlotrbpods : Fuc. 4 (191 8). pp. 8 9 7 4 ,  pb. ; bp 
Ur, 21. I fo ldbe .  Additiianel Notsll om the Fauna of tbs $@ti 8hrtw : h. U (1914). 

of Byam : V d  V, Xu. 1 (leos), gp. 301, pb 17 

: Vd. V, Memoir No. 2 (lW), pp. 140, pk. 17 (3 
double), by Ik. C. Diener. 

h i i n i o ,  Carnie and Mario Fmrm of Spiti : Val. V, Nemoir No. 8 (180%), pp. 167, p h  24 48 
double), by Dr. C. D i m .  

Lo- Trimdo Cepbalopoda from Spiti, M&Ua Johe; and Bpar  : Val. VI, M~motr No. 1 (1-1, 
p. 18.6, pls. 31, by Dra. A von 3 h f - t  d C. Memr, 

The $ ahaa of the Tmumatoorinum Limestone of Painkhard : Vol. VJ, ?&mob go. 2 (19041, 
p. 39, ple. 6, by Dr. C. DieMr. 

3!he k m b r i w  F d a  of 6piti : FoL VII, M~muir  No. 1 (1910), p 7 8  k. 6, %y F. H. C. W. 
Ondoshim a d  Bil-n fd -8 the ha- n h d ~ p ~  : ~ U I .  41, b o l r  NO. 2 (18))), 

pp. 168, pla. 28, by F. R. C. hd. 

(Sm. XTTI.)--BALUCHIbTAN I"OSRIIIS, by FRITZ NOETLUG, Ya.D., F.G.B. 
The Faam of the Kellaways of b k  Drik : Vol. I, pt. 1 (1888), pp. 22, pla. 15. 
' h e  Fauna of the (Neooomian) Beiemuite BedP : Vol. I, pt. 2 (1807). 6, pb. 2 ( m ~  p t i ~ ) .  
The F8- of the Upper Crst.ccoun (Y.lstrichlien) He& of the Mari pile : W. I, pt. jklB(nh 

pp. 79, plr  23 (d of prial). 
'fie price fixed for theae publications is four ~ M M  per siugle plate, with * minimum &qp of 
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(NEW SERIES.) 
The h b r b n  huna of the Ed- &&-- : v d  1, wfr 1 (1 m), pa. 14, N. 1, by K. 

W c h .  P r h  l Re. 
NO& on Biorphdogy of tihe k l ~ y p a d s  : Val. L 4 (I-), pp. a, pie. 4, by ~h.. 

Frife Noetbg. Prim 1 lk 4 All. 
~ ~ u I & B  of the Mimmie Bedm af Uurma : Vol. 1, Memoir 3 (lG3(11), pp. 378, yls. %, b~ Dr. Fritz 

NoeWg. Woe 6 Ra 4 Aa (d of prilrC). 
, Obsemiom sur quelqueo Plants Fodcrr dea Lower Cio~rdwanns : To), 11, &fculctlr I ( IW),  

pp. 30, pla. 7, by K. Zeiller. l'rioo 1 Ib. 12 Ae. 
l'mo-Ca.rbonilcro~ta l'lants and lrerkhates frow G r t d ~ m i ~  : Vcll. 11, 'Zienloir KO. 2 (]!st>), 

yp. U, pla. 3, by A. C. &ward and Dr. A.  Wnuth Wwmlwnrd. Prim 1 lie. 
The Lower I'daeozoio Yossila of the Pu'orth~m Shan States, Ultlcr H u m * ;  Yo!. .]I, ~ f ~ ~ , ~  

No. 3 (1906), pp. 154. lds. 8, by P. K. ('. R d .  Prim 2 He. 
The Fenna of tho Napcug W s  or the Nhwtiv W s  cd Upller Bumla : I'ol. 11, B1cfil,oir K,,, 4 

(1W8), pp. 88, pla. 9, by Mi& M. Hmlry. Pr~tc! 2 1Cs. 4 An. 
The lbronian Yetlnea of tbo Northern Sbarl Niafrs : To!. 11, Mcutc>ir No. F, (]am), 1 ~ ,  

~ 1 8 .  M. bv F. It. C'. Heed. l'ricu, 5 Ra 
Tho 'Nio~l~iP'bf tllu l h i k o t  Serbs : Vol. 111, 3iwloir St). 1 (I!Kra), 1'11. xir. &?, pis. 8, by M ,  

Cosemanr~ and G .  Piwrro. Ilitrcrduction, by E. \V. Vr~.cL.uburg. 1'ric.e 1' Ha 
Tho Breokopoda of the Nlsmyau WS, h'urthern Sban Stattvi: Bunt~a, VtJ. IIJ, Memttir s ~ , ,  2 

(1917). PI'. 254, pls. 21, by 9. 8. Ruckma~l. Prire 5 b. 4 AIl. 
On somu Fiah-remainn from the Beds of Donprgmn, P!ntrtll Proviuw, I'd. 111, &mlkxu, 3 

(1908), pp. 6, pl. 1, by Dr. A. Smith Woodward. Prim 1 Re. 
Authrscolithic F d  of the Shnn 6tgtea : Vol. 111, Memoir Xo. 4 (1911). pp. 74, pb. 1, by ~ r ,  

C. ljiener. Price 1 Re. 12 Aa 
Tho Foasil Giraffidm of lndin ; Vol. lV, Memoir 30. 1 (1911), PI). 9, p k  6 la l)r. O. g. 

grim. Price I &a 4 k 
u 
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Ordoviohn and S i l u h  Fossils from Yunnal~ : Vol. VI, Memoir No. 3 (1917), pp. 69, pla 8 .  

by I?. R. C. Retrd. Plice 2 &. 
Upper Carbonifemua FosRiln from Chitrd and the Pamirs : t'ol. VI, Me~lloir NO. 4 (1926), pp. 

134, pla 10, by F. R. C'. Reed. Price 9 Re. 13 Aa. 
Indian Cfondmms Plents : A Revision : Vol. VII, Memoir No. 1 (1D20), pp. 41, pb. 7, by A. C. 

8 e w d  and B. &hni Pricc 1 Re. 12 As. 
The bmell ibrsschi~te of the Eocene d Burma : Val. VIJ, Men~oir KO. 2 (1923). pp. 24, pls. 7, 

by Dr. a. de P. Cotter. Price 3 R0. 10 As. 
A Review of the Genua Cisortia with deeoriptione of ssveral species : Vol. VII, Memoir No. 3 

(1927). pp. 78, pls. 32, by E. Vdenburg.  Price 10 RE. 5 As. 
An inoomplete skull of Dinotherium with notee on the Indian forms : Vol. VII, Nemoir No. 4 

(10241, pp. 13, yle. 3, by It. W. Palmer. Price 1 Re. 2 AR. 
Contributions to the Pelaxmt<)lngy of Amam : Vol. VIIf, Memoir Xo. 1 (19231, 111). 73.1'1~. 4, by 

Erioh Spengler. Price 5 Re. 
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Prim 3 1%~. 18 Ae. 
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RECORDS OF THE GEOLOGICAL SlJKVEY OF INDIA. 
VOL. I, leas. 

I ' d 1  fW +a).-Atu~ael report for 1887. C o a l - e a m ~  9f Tma vallag. Corl in G u m r  2L 33ille. pper in Bundeilrund Meteorites. 
Part 2 (od 4 pri&).-C!al--qre of neighbourhd of Chanb.  Cusl noer N8gpur. -5. 

a d  notea on Sumt collectorate. Crephelopoduur fauna of &nth Indian ~E&wSOW hpolnk 
h d  in Raipur district. Coal in liketern fIehpbre.  Meteorites. 

Purt 3 {oat o/ prid).--Cfp~tro~~odou f ~ -  of &th Idinn crehoouue d ~ p i t e .  Notea 
from Poona to Na par trid Ahmednuggar, J&a, Loonax, Yotmeh~l, .od w- 
@ngbt. ~ ~ t B - & o  in pli-no ()) deposit# of Uppr Uod.very. B ~ d . r ) r  d Viado 
hyaa series in Rojputianr. Meteorites 

VOL. 11. 1860. 
l'(rrt 1 (& ofpritd).-Valley of Yoorlm river, Wed. b a r .  Koddapah and K w z ~ ~ l  f m t i o m  

Geologiwl sketch af 8hillon.g plateau. Gold in hghbhoorn, e k .  liielle a t  H a z r r e e w  
~ ~ r i t e a .  , 

F M  2 (od oj Mat).-Annupl leport for 3M8. Psnpbunr h c b  end other ~ i t ? e  of Cbdonia 
fwm neww tertiary depesita of Nerbndda v&y. Metamorphic K O C ~ ~ B  of hngaf.  
3 ( O U ~  of p~i&) .4eo logy  of Kuteh, Weatern India. C2mlom and phpbicd g ~ p b y  ok 

Nioobar Iehmde. 
Pcrrt 4 (uut of print).-E& containing a o i f i e d  in Eastern Prome. Britiah l3-1~. %- 

edogioal statistics of Kumaon division. CklaJ-field near Chanda. I~ead b Wpuf  d b  
trict. Mekorit~s.  

VOL. 111, 1870. 
Part 1 (out of prid).-Annual report for lam. &logy of lleighbourhood of Mad-. 

vial depmite of I~.rawadi, cootra.c@d with those of Gangee. 
Part 2 (01.t oj. print).-+logy of G w & o ~  end vi-y, EUadse at Wtdi, Kamnan. b o d  

Will near Chicholi, Haipur &trict. \Va rdb  ood-&l&, B e w  aod CentI'd Pro- 
vinces. Coal at L r b a  in n h p w  digtriot 

PUT( 3 (out OJ pint).-JiIohpni cd-md. m . m  ~ ~ b ~ 3 ,  JtbP3 district. Cool- 
& of ChLrtttbgarh befwetm Bi1rqt.w and Ranchi P&roleum m =a ~ e t r o l ~ m  
bdity of 6udBe1, near Ehttij~ng, Qf m d p i n d i .  Aeentiferoue gdenrr and c m  
i n M e a b h .  h o f b n o ~ e a .  

PerS 4 (oul oj pi@). -&om of &fount, T U ,  Punjab. Capper depodt. af D d ~ ~  
Bbghbhnm : l.+per m- of Singhbhuti : 2.--Copper of L)eJbhum and BiJ@bbum. 
Msbsoritee. 

VOL. IT, 1871. 
P*: 2 (out 01 ph4).-8nnurrl report for 1870. Alleged discovery of coal near Gooby, and of 

indimtiom of o d  in Cuddspeh dietriot. -4 &atistiice of Kurnaon division. 
part 2 of pn'J).-axial group in liv-m Pmme. . Geological s t r u c t ~  of Southern KT- 

kan. S u p p s d  ooctmmno8 of native antimony in the t h i i t s  kt-h . h v t  m 
boilera of steam-engines at Ilenigar1j. Rant-bring cl&ndhmes of Godamn rdeJ', on 
southeru extauiou of mthi g-p to neighburhood of Ellore end Rajrnandri, and on 
p8si ble ocaurroucs of aod in titame diwtion. 
3 (a of pn'nl).-brings for cod in Ghiareri valley near Dumagoden and B h t ~ d r a c h d ~ .  
N a r U  coal-basin. Geology of h t r a l  Provincoa. Plant-hring aand~ton- of 
vsri vsltey. 

Pafi 4 (ON of prid).-hrnonite faum of Kutch. R&I.u and Hellgir (Gangpur) hl-hid. 
Sandetoncs in neighb"urh~d of fimt barrier ofi U v e ,  and in country between Godr 
van and Ellore. 

\CL. V, 1672. 
1  it ~f ~ n i ) . - - h u ~ l  report for 187 1. Relati- of roch near MI= (Me;ri), Punjpb. 

%cmlogicrJ notes on gneies of South Misa,,pur mid Adjoining country, i38ndaW in 
neig;hbourkoud of h t  barrier on Godavari, arid in oountq between GAmd mom. 
9 



~ w f  8 (OM# a/ pn'nl).&fr d Bduolliatan and Penb from &nohi to heed of Peralsn Glulf, 
md tmnr of Qolf I d d .  Parta d Kammummet oncl Hsnemoonde dietriob in Nhem'~ 
&midom. W > g y  of 0rie.s. New ooal-fiokl in aouth-emtarn Hydercrbad (Deaaaa 
tsdtorg.) 

pa*s 8 (a: of g#irrt).--M&t and Maesendin on east of Am&. Exdmple of local joining. 
Axis1 gmup of Wsetarn Proma Omlogy of Bombay Pmeidenoy. 

p d  4 (owt oj @n;).-Coal in northern region of Batpum b e .  Evideooe afforded by mbd 
opbr benka on ooaets of Illdie, in estimating arnoulit of elevation indicated thereby, Poa. 
dble field of coal-mwures, in Qodevari dhtriot, Madras Preeidency. Lameta or iutra. 
ttltppean formation of Centml In& Pe4roleum looalities in Pegu. Suppoeed eozoonal 
limesbe of Yollsrn We. b 

VOL. VI, W73. 
P& I.-Annual mpart for 1872. Geology of North-West Provinwa. 
Pad 2 (out of rrrinl).-Biarwlpur ooal-field. lldineralogicai notes on gneiae of eoutb Kreepur 

and rdjdi&ng kuntry. - 
pnrt 9 (out of pid).-CeIt in oesiferona deposits of Narbada valley (Pliocene of Falconor) : on 

sge of deposit&, and on rssooiatsd shells. Barakar (ooal-measures) kl Beddadanole field, 
Qodsvari district Geology of part* of Upper Yunjah. Coal in India. Salt-springe of 
Pogu. 

Pwt  4 (out of pn'nl).-Iron depoeits of Chenda (Central Provincee). Barren Islands and Nard 
kondam. bfotalliferoue resources of British Burma. 

VOL. VIP, 1874. 
I 

, Part 1 (out 01 priltl).-Annud report for 1873. Hill rangee between Indua vdley in Ladek 
and Shah-i-Dula on frontier of Y a r b i d  territory. Iron o m  of Kumaon. Raw materials 
for hn-smelting h b i g a n j  field. Eleetio sandstone, or ao-called Itacolumyte. Geo- 
logiml notea on part of Northern Hazaribegh. 

Part 2 (out of prini).+eological notes on route traversed by Yarkand embaaay from Sah-i- 
Dula to Yarkand and Ikhga r .  Jade in Karakas valley, Turkistan. Notoa from Eastern 
Himalaya. Petroleum in Assam. Cm.1 in Gsro Hills. Copper in Narbada valley. Po- 
b h - s a l t  from East India. amlogy of neighbourhood of Mari hill etation in Punjab. 

Part 3 (out of pint).--Geological obsematione made on a visit to  Chaderkul, Thian Shan range. 
Former extenaion of glaciers within Kangra district. Building and ornamental etones of 
India. Xateriale for iron manufacture in Raniganj coal-field. Manganese-ore bl Wardha 
coal-field. 

Pad 4 (out of pi&).-Auriferous rocks of 1)hambal hills, Dharwar district. Antiquity of human 
race in India. Coal recently discovered in the country of I.uni Pathans, south-east corner 
of Afghanfin. Progress of geological inveatigution in Godawri district, Medrae Pre- 
8idency. Subsidiary materials for artificial fuel. 

VOL. VIII, 1875. 
Pur6 1 (out of prprid).-Annual report for 1874. The Altum-Al-tush oonaidered f r ~ m  geological 

pin). of view. Evidenca of ' ground-ice ' in tropical India, during Talohir period. Trials 
of Reniganj fire-briolre. 

part 2 (out oJ prinl).--Gold-fields of south-east Wpaad ,  Riadrae Yrelridency. Geologiml notee 
on Khareean hills in Upper Punj~b.  Water-bearing strata of Surat distriot. Geoloa of 
Scindia'~ terl'itofies. 

Part 3 (out of print).-Shhpur coal-field, with notice of coal erploriltions in Narbeda regjotla. 
Coal recently fo~md near bioflong, Khtleia Hills. 

Part 4 (out of print).--Geology of Nepal. Rnigarh and Hir~gir coal-fiol&. 

VOL. IX, 1876. 
pwj 1 (out of fin#).--Annual report for 1875. iioology c ~ f  Sind. 
pmt 2 (out of pint).-Retirement of Dr. Oldham. Ago of some fomil floras of India. Cra- 

nium of Stegodom Gnneea, wit11 notes on sub-gelll~d and allied fonna. Sub-Himalayan series in Jamu (Jammoo) Hills. 
Part 3 (out of print).-Fossil florw in India. Geological ago of certein groulw comprised in 

(30udw~a  eeria of India, and on eviclence they afford of distinct ~oolqpc-a1 und botcmical 
termatrial m&ne in  ancient opoclls. Relations of fossiliforoou strata a t  bfalcri a ~ r d  Kote, 
near Sironoho, C. Y. Bosail mammalinn faims of India arid Burma. 

Park 4 (out of pint).-Fornil florne in hdio. Oeteology of Jlerycopotralnus dikmilis. Addends 
adn to paper on tertiary mammalia. Ylesiosaurue in M i a .  GL-lopy of Pir M j a !  snd sn neighbooring dietricta. 



Patt 1 ( a t  oJ p ' n l b - M  report for 107L Gedq@4 notaun I a d l u l M  
8bd and bjputnla. Cmtamru fpua Om* new birnrabo LQh -& 78 
i d e a  north of Uwa. E'dheLig h 00ndmna iot&ct. Vettdmtr jroa ' 7 k .m-  
tkry and secondrrry mb. New Ern* fmm the u p  br(Sae6a af N o h  
Obwstions on under-pund temperature. ' 

PdVt B (out o jp in i ) . -Hook  of the Lower Gadavd. ' A t p b  IsadtkwQ1' Uu$t4c,  PO) 
ail tloraa in India. New or rare maanmh fmm 8iwdiLa lmvdi a&m fb LQd 
&stam Rajpa-. Borings for md in Zhdia. Chology of India, 

Par4 J (out of &d).-T&ry mne emd mddyine: mdw in hlerth-Wed PBajrb. B d  ibru 
in Indi8, Erratica in Potwar. Csdl ~xplontians in Darfilfag d h & k  L 
mighboprbd of BamLsr. Formr of blorriog mmhh rued by n m i h  of Uppsr & 
An8.lysea of bnigesj wale. 

Part 4 (out o pimi).--Geology of Mtdunadi baein and itr vidaitp. & geld, red bad 
o w  of dkbdpur M o b .  Eryon Comp. h*-' W p .  W-tm 
M. m. *OW * hdb. Tk Bkid gMlP LDd &~fXld GWh'b 
Himalayea. T d m i e s  of North-Went Pusjab. Cenere Chcwurnerpr d Rb&&m. 

VOL XI, 1878: 
Port Z . - h a d d  repott for 1877. Geology of U Goddrtwi hain, M w m  river W d h a  

and W v a r i ,  mar 8inmcha Qealogy o PP" Kuhmir, I(frhtwm, md Y e .  &m& 
m s m m k  Psllmontolo@cal relatiom of Condwaao mystem, ' Ematha in Pmjrb.' 

Part 2 (otrd o p r i r d ) . - 4 1  oi Sind (owmad noflas). &i@n d Knnmtln b. Tdg o m  
Yikm d wD ~amaun.%d ralcenoo. d &ti and Chedabr Ylinenl rammm 02 
Ramri, Chedubm end adj-t idundo. 

Pad 3 (out of pri~a).--Gold indwtry in Wgnrad. Upper Gdndwenr s s r k  in TrkUmpoly 
and Nellore-Kistna dietriots. Sennrmontite from kbrawak. 

P& 4.--Geographical distribution of fowil organienu in India. 6 u b m q d  foroat on Bomb.? 
Island. 

VOL. XII, 1S79. 
Par$ I .--hual  report for 1878. Geology of Kurilm;r ( t h k  mtice). S W U  m t m m a h  

SiwaLk beds. Tour through Hangrang u d  Spiti. Mud eruption kt h i  Maad (&a- 
bn). Braunite, with Rhodonite, from hgpur, Centmi Provinoac. Palawlaw-d 
notea from Satpua wel-&n. Cod irnyorbtlons into Iadia. 

Part 2 ( o d  of pritd).-Mohpani ood-field. Pyrolusite with Psiloruelam at Gadpur, debplpur 
district. Urnlogid reom- from -us rt YushQarb to 3Ctum.m at TThai on At- 
ghaa frontier. Gwlogy of Upyer Puujab. 

Pard 3 (oui o j  pti?d).-Geologiwl feclfuroo of northern M s d q  P d u W  M, cud .oat;hsm 
pa& of Tenjore u d  Triohinopoly distriato idndsd within Ute d Bh- 80 of InRiur 
Atlas. Cremeow fo& from Trichinopolg di&i&, coueofed ia 3877-7& 6- 
llum and other Equhbnmm w ~ t h  refmnoe to Indian form 3'rizpw Speaioee, &s* 
(Sphelloyhyllum Trizygia, Ung.). Slysonn m d  A U h  from Sellom d U r h  Q r o p v  

durn from Khuai ELln Jog8 neighhourhood and old mints on Kerhdda 
Pat 4.-*Attack Slotiw ' rrnd their probable geologicel position. Masginqt b n e  of u m b d &  

tortoh, frou Upper Siwolika, nerrt Sila, in I'otwm, Punjrb. Ckolog~. of h'ortb Art& dh- 
tr iot.  Road section from Murm to Abbottabad. 

YOL. xII.r., 1880. 
Purt 1.-Annual report for 1879. Gealugp of Upper Godavari berin h neighbourhood of l%on- 

o h  Geology of Lrtdak end nelghbounq d idr ich  Teeth of foseil fiehea from Ramti 
Island and Punjab. F d  puera Sb~gcnsthia, Stbg., Noggcimtbiogsio, F&tm., ood ' i Rhiptozanli- Schmalh., in prlmzoic an eeoondary rocke of Europe, Asia, an3 A- 
lia Fossil piants from I r a t t p r ,  Shelih h d h ,  and W j s h .  ?'olca;nio foci of exupti- 
in Kodsn. 

Pad 2.--G+olo3ical notes. P n h b l o @ c a l  notss on iower trim of Hfmdayaa tlrtesijsn wdh 
at Pondiolrerry, ant1 porrsibility of finding soma of vaDaranp@y at 

f'm; 3. Kumaun laksa. &It of plaolithic type in Punjab. P-ublogiacl notee from b- 
harbari and South Rewa coal-hlds. Correlation of Gondmna ~ O F P  with ~ t h w  HOLIU 
Arteaian \volls at Pon(licherry. 6alt  in Rajpukna. Gaa and mad e~mfiol)s on 
co& on 12th hlarch 1879 aud in Ju~le 1543. 



Pwt 1 (out 4 pPitu).-P1tlrtooe-m depodtr of Northern Punjab, and evidence they afford d 
efinrue &mate' during portion of that period. Useful winelxila of h v a l i  region. Cor. 
ralrtia of Qoadwano flora with that of Auetrolinn coal-beariug ey8tam. Reh or alkali 
saih oad welt water& Eleb s o b  of Upper Inclia. Xaini Tal hndalip, 18th Septem- 
b# Lm 

-1 ~. -bd  report for 1880. Geology of p r t  of Dgrdistm, Balthtan, and rlcighbouring 
dkictr. &walik aumioors. Siwalik group of Sub-Elimalayan region. LYouth h w a h  

& Femginoue beds wociated with bnmltio rocka of north-eastern U1. 
ttar, in relation to Indian laterite. Rajmahal plants. Travelled blocks of the Punjab. 
Appendix to ' Palsontologics1 n o h  on lower triaa of Himalayas.' Bfammalian foseila 
fmm P h  Island. 

psrl e (mt of print).-Nahen-Siwalik unconforrnity in North.Western Himalaya. Gondwm 
vert&reitea. Oderoue  bede of Hundes in Tibet. BIining record8 and mining record office 
of Greet Br i ta~n;  and Coal and Metailiferous f i e 6  Act of 1872 (England). Cobaltite 
and denrstite from Khetri minee, Rajputana; with remarks on Jaipurite (S epoorite). 
Zino-om (Smith-aofite bnd Blende) with barytea in Karnul district, BIadras. %nd erup- 
tion in island of Chedubn. 

- 

Part 3 (out of print).-Artesian borings in India. Oligoclase granite a t  Wangtu on Sutlej, North- 
Weet Himelayaa. Fiah-plate from Siwaliks. Palseontological notes from Hazaribagb 
and bherdagga districts. F o d  carnivora from Siwalik hills. 

P& 4 (wt o j  prirr).-Arteaian boring8 in India. Oligoclase aranite at Wangtu on Sutlej, re- 
gion, m t r d  and e&ern. Native antimony obtained a t  Pulo Obin, near Sin apore. Tur. 
te from Jaggiapett, Kiatnah Dietrict, and zinc carbonate from Karnul, Ma d ras. Seotion 

rom Delhoueie to Pangi, via Sach Yam, South Rewah Gondwana basin. Submerged f 
forest on Bombay Island. 

VoL. xv, 1882. 
Part I (out of print).--Annual report for 1881. Geology of North-West Iiashmir and Khagan 

Gondwane, labyrinthodonta (Siwelik and Jamna mammals). ceolOeL of Dalhousie, North- 
Weat Himalaya. Palm leaves from (tertiary) Murree and Kmauli ds in India. I n h -  
mine from Xoa-Dihing river, Upper Aasam, and Platinum from Chutie Nagpur. On (1) 
copper mine near Yongri hill, Daijillng district ; (2) arsenical pyrites in same neighbour. 
hood ; (3) kaplin a t  Darjiling. Analpses of coal and fire-clay from Malium coal-field, 
Upper Aseem. Experiments on coal of Pind Dadun Khan. Salt-range, with reference 
to roduction of gas, made April 2%h, 1881. Inter~lational Congress of Bologna. 

Part 2 Tout of pint).-Geology of Travancore State. Warliilli bed. and reported uaoaiated 
deposita a t  Quilon, in Travancore. Siwalili and Narbade fossils. Coal-beming r o c h  of 
Upper Rer and Nand rivers in Western Chutia ru'agpur. Pench river coal-field in Chbind- 
wam distiict, Central Provinces. Boring for coal a t  Engsein, British Burnla. Seppere 
in North-Western Himalaya. Eruption of mud volcanoes in Cheduba. 

Part 3 ( a t  of print).-Coal of Mach (Much) in Bolan Paatl, and of Sharigh on Harnai route be- 
tween Sibi and Qoetta. Crystals of stilbite from Western Ghate, Bombay. Traps of 
Darang and Mandi in North-Western h a l a y a s .  Conrlexion between Haeara and KaA- 
mir mriea. TJxrarie cod-field (South Rewah Gondwana basin). Darauggiri coal-field, 
Oar6 Hills, Aasam. Coal in Myanoung division, Henzada district. 

Pad 4 (out of print).-Coal-fields of Mysore. Boring for con1 a t  Beddadnnol, Goddvari dis- 
trio& in 1874- Supposed occurrence of coal on Kistna. 

Part I.-Annual report for 1682. Richthofenia. Kaye (Anomia Lanrenciana, Koninck). 
Geology of 8outh Tmvancore. Geology of Chamba. Basalts of Bombay. 

Part 2 (out of prig).-Synopsia of foesil vertebrata of India. Bijori Labgrinthodont sktlll of 
Kippotherium antilopinurn. Iron ores, end subsidiary materials for manufacture of iron, 
in north-eastern part of Jabalpur didrict. Laterite and other menganeee-ore occurring 
st Goaulpore, Jabalpur district. Umaria coal-field. 

Part 3 (out of pint).-Microscopic structure of eome Ualhousie rocks. Lams of Aden. Yro- 
k b l e  ocourrence of Siwalik strata in China and Japan. Nastodon angubtiden irr India. 
Traverse between Almora end Mnssooree. Cretaceous ccal .n:easures at Eorsora, in XLa. 
eia Hi& necrr Laour. in Sylhet. 
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p4rj 4 (md 01 pdnL).-PaI~ont&@~I o w  from hltaa ' and HgUr looad-ildda fs 
Nagpur. Anlted Wit. of Dalhcda mgbn h h.ommtsf0 tlleJ.pu. Y- 
~ t m a t u n ,  of mme sub-Himolegan roc& of tsrtlorg qa. h k y g y  d Jrwm *sa 
Hjmrlryea. Treveree througb E W m  ZSW, Ja[ntlo, m d  Sottb Clccbrr Hi@, 2Z&ve 
lead from MnuLmLin and ohmmite from fbe A n d a m n  L n h d a  Fbrp em im from m 

the mud volcanoes ~f C h d u l ~ a  ldrnd, Atrkrn Irri~pith from web ta ortB-We&e~~ 
fiovincw and Oudl~. 

%: 
VOL XVIl, 1 w .  

Pa*& 1 . - b u d  report for 1863. Smooth-water amkang(sr fw mud-banh of h'r& 4 
Alleppy on Travencgre cob&. Bills su m and othr  asesr in Krmaoi &W. 
of aauari and s i b u ~ t a  prgaor. d %lob ~f i tauin .  W-, tn ~ * g  d 
Xuibmir. 

part 2 (out oj pint),-Enrthquahs of 91st December 1681. Mitru- m u m  at roars 
EIimdayan granites and gaeipsost? granites. Chai EOPj expIom66Plu. h.CUICov~ d 
in Biwalik beds. Mineral re8ouaces uf Andaman Idan& in bbowhood oi. 'IPort, BLJr, 9 Intsdreppean bede in 'Deocsn and Laramis p o o p  in W ' a b m  d h  Arndea. 

Part I ( i d  of priJ).-MhwcoPjC utrwtur~ Of mme A n d  rmkll. 8 ~ t i o n  along Idan $m 
Pahewm Vdle to B8-It-range. &ilea far boring in Rdgsrb H i 4 r  raalO&ld {fir& -1. 
Lignite near 6aipo&, Central Pmvinw Trupooime mince of i r rhrpur  H u .  
Fiery eruption from Minbyjn mud vulcano of Cbcduba Islend, Atahan. Lmgrta coal. 
field Sonth Weetern K h d  Bills. Urnaria coal-field 

Part 1 ( a 6  of priP11).---Geolnm oi pert of Gangss~lan pargene of British GarbwaI. 8latss md 
e c b h  imbedded in gneimose granite of North-West hi ma lope^. Geology of Takhtid 
Sdeiman. Smooth-water anchorages of Travanare c o d .  Auroferoua earn& 04 the 
Ssbansiri river, Pondioherry lignite, and pboqhstic rmkrr a t  Blusufi. Bina 6wrgnm CAVS 

VOL. XVIIJ, 1885. 
Potl 1 (out o j  print).-Annual report for 1884. Country between Sin reni coal-bdd urd 

Kiatna river. Geological aketch of country Ed%-een Eingareni CCI. P -6eld and Bydtrabrd. 
Coal and limesltoae in Doigrung river near Golaghat, Asearn. Homotaxir, rs illuatntnl 
from Indian formations. Afghan field notes. 

P d  L.-Foaailifcrons =lies in IPker Himalaya, Galhard. Age of Mardbali .crier in IWw 
Himalaya. Siwdik camel (Camelus Antiqous, noble ex Falc. and Chut. ME.). G e o w  
of mamba. Probability of obtaining water by means of artaian v e h  in plainr of Cppcg 
India. Artmian sources in plains of Upper India. Geology of Aka Bills. Alleged w. 
dency of Arakan mad volcanoes t o  buret into e ~ p r i o n  mod. freqnenfly during rains. bp.. 
lyses of pho~pbatic nodules and rock from M u m r e e .  

Part 3 (out of prin6).-Geology of Andunan Idanda. Third qe& of Meryaopoiamns. Per- 
d & i o n  em effected by current. Pirtbala and Chandpnr meteoritem. Oil-wells an cusZ 
bn T b a m y o  M t ,  British Burma. Antimony d e w t a  in Mralap.in d h i c t .  
mfr ea&qub at 30kb May 1886, k g a l  earthquake of 14th July 1886. 

L. 
Purt 4 (out of pint).-Geological wmk in Chhattiegarh diobion of Central PForincea. 3mgd 

e a r t h q h  of 14th Jalv 1886. Knshmir e w t h q u d ~  of 30th May 1886. Ercavrtiom 
in Billa Snrgam oat es. X'epaulitc. Se tletmabrt mekoiite. 

VOL. XIX. 1886. 
Pert I (out o j  pint).-ilonuol report for 1885. International Gealogjcal Coagmaa uf l3edn. 

Pdeeoeoic Fomils ~II Olive group of Salt-range. Correjation of Lndian and Andmiinn d- 
b e h g  beds. Afghan and Persian Field-notea. L c c c t b  ircm &mi& in Wangtu, a d  
petrological character of Ambhiboktes and Quartz Diorites of Su&j vd'ey. . 

Part 2 (& of piat).-Geologly of parts of Drlla~p and Anantapr  dietricis. Geologzd oppet 
Dehing baein in Girgpho Bilh. M ~ c ~ c o p i c  cI1mact PIB of e~uptixe I C C ~  s from Central 
Himal~yas. Mammalis of KmnuJ Cavm. Prowpcb of finding a a l  in Wtetein RPjpntmm, 
Olive group of Salt-range. Poulder-kbp of Salt-range. Gondwcna Bolr,otute. 

Peri 3 (out of pid).-Cr~a:ogical sketch of Vizogayatam district, Mad~or. Ceolcpy of Sorfb. 
ern J d m e r .  Microscopic strncture of Malbni & of Amdi region. Melanjkbardi 
capper ore in M a g h a t  strict, C. P. 

P& 1 (out of *~8).-Petroleurn in lndin. Petroleum erploraiion at Rutan.  Boring ixl 
Cbhattbgarh coal-fields. Field-note from Afgbanhitm: No. 8, Turkictsa Fkry mp.. 
t ~ o n  from one of the niud volcanoefi of Cheduh Iabad, Ankan. h'emmbnthal m e .  
Annlyttie of gold d 5 t  from Me~a vallley, I;pper R u m .  ' 
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VOL XX, 18b7. 
P& 3 (aul 4 piM).-~nntlei, report for 1886. Rdd-notee fmm Afgh&&sn : No. 4, from 

'Pwktm to India Physiosl -logy of Weat British Gtubwnl; with notes on a mats 
t t a M  t h  h Jsumat-hwar Tid-&rhweL Chologp of Grro HiUa fndisn 
l a s s  titwisr 80nndhp iswntly taken OB Buran b l m d  and Naroondem. Tdohir 
BaaWm-be& Ad* af Phos hatio Nodales from Balt-range, hnjab. 

P.r l2 . -Fd v ~ b r a t a  of India. %&noidea of oretaosoua aerias of Lower Narbd.  Vdley. 
Field-notee: No. 6-to accompany geological eketch mep of Afghanistan and North- 
R&em Khonumn, Miomwopio stntoture of Rajmahal and Deocsbn traps. Doled& 
d Char. L d ~ ~ ~ t t t y  of Olive =rim in east with sapeokld sandatone in west of Salt-range 
ia Punjrb. 

Bert %.- -Wmant  of Mr. Medioott. J. B. Mushketoff'e Geology of Rujsian Turkistan. 
Qp&elline and metamorphic m~ke of Lowor I F f d a y a ,  Gerhwal, and Kumaun, Section 

of 8 i d a  and Juto h. ' Lditpur ' meteorite. 
PW1j (zy@M).-Poin ta  in 8 inalapm geology. Crgstdline and @stornorphic r o c b  

of Lower Hindaye, Qarhwel, and Komwn, Section 11. Iron Induefry of weatern portion 
of aaipur. Notea en Upper Burma. Boring exploration in Chhattisgwh coal-fields 
(Seomd notice). Presenre Metamorphism, with refersnce to foliation oi Himalayan 
Gaeiesase Granite. Papera on Himalayan Geology and Nicrowopjc Petrology. 

FOL. SXI ,  1888. 

Part I.-Annual re ort for 1887. Cryetallim and mehamorphio rooks of Lower Himalaya, 8 Garkwal, and urnsun, Section 111. Birds-nest af E b h n t  Idand, Mergui Amhipelagct. 
EX lorstion of Jesalmer, wfth B dew to disaovery of owl. Facetted pebble from boulder- 
&(', apeckld sandatone ') of Mount Chel in Salt-range, Punjsb. Nodular storm obtain- 
ed d Colonlbo. 

Part 2 (out of prid).-Award of Woolasten Gold Medal, Geology Society of London, 1885. 
Dharwar System in South India. Igneous rooks of Raipnr and Balaghat, Central Pro- 
viecee. fiangar Marg and Mohowgale coal-fields, Kaahmir. 

Part 3 (out o print).-Manganese Iron end Manganoss Ores of Jabalpur. ' The Carboniferaus 
Glacirrl 6 dd' Pre-tertiary sedimentary formation of S h k  region of Lower Himalayas. 

Part 4 (out of pin4).-Iudian fossil vertebretos. Geology of North-West Himalaya& Blown- 
sand rock eculptare. Nummulites in Zansliar. Woa trapa from Bltrtakar and Raniganj. 

VOL XXII, 1880. 

Purl 1 (ow6 ofpti&).-Allnud report for 1888. DLarwer Syetem in Bouth India. Wajm &rut 
ditrrnohds, and B. Chapkr'n alloged discovery of diamonds in pe matite. Cfenerio posi- 
tion of so-called Plcsioeaurus Indicus. blexiblo sandstone or f tacolumite, its nature, 
mode of occurrence in India, and cause of it8 flexibility. Sirvalik and Narbada, Chelonia. 

Part 2 (d of print).-Indian fiteatite. bbles in Biwalik conglomerate, "Carboni- 
frmns t:l.eial ~eriod." Note. on "h".:lFfaagen's " C5rbonifernus Glacial Period." 
Oil-fields of Twingoung and Rems, Bu~mib. Gypurn of Nehal NaG, Kumaun. BInteriols 
for pottery in neighbourhood of Jabdpur and Umaria. 

t'arl 3 (out of pent).-Coal outcropa in Sliarigh Volley, Ualuchietan. Trilobites in Neobolw 
bede of Salt-range. Geological notes. Cherte Poonjee coal-field, in Khaaia Hills. Co- 
baltiferoua Matt from Nepiil. Provident of Geological Society of London on Intematiouel 
Geological Congress of 1888. Tin-mining in Mergui distriot. 

Part 4 (out ofprint).-hnd-tortois& of Siwalik~. Pelvia of o ruminant from Siwalik~.  Am~by~ 
from Stambhsr Balt-Lake in R'ajputana. blangaiferona iron and Mangnneso 01-5 of 
Jabalpur. Palagouito-bearing trape of RQ,jrn&Bl hills and Doccan. Tin-smeltin in  
M.ky Peninsola.. Pmvisional Index of Local Distrih~rtian of ln~portant illinenls, %tip 
cellaneoua Aherela, Gem Stones and Q u a q  Stones in Indian Empire: Part 1. 

Part 1 (0141 of print).-AM-1 report for 1889. Lakndong coal-field, J d n t ~ a  Hills. Pectoral 
and pelvis girdlee and ekull of Indian Dicgnodonts. Vel-tebrata relrisins fro111 Xagpur 
dhtatriot (with dewripticin of fish-skull). Crystalline and metan2orphio rocks of 1,oser 
fiir~\ttlnyu, Gorhwil and .Liuuaun, CSectioo IV. Bivalva of Olive group Salt-range, 
Bludbanlis of Travancorc cout. 

part 2 ( o d  of pri~rt).-Petro!eu~n expluftitions i n  lIarnai district, Ifaluchiettan. Sapphjre Mines 
of Kashmk. E u p p n ~ d  Jlatrix of Drsukond a t  W a j r ~  Karur, Nadrris. Sonapt  Gold- 
field. Field noits from Shaa Hills (Upper Burma). Xew species of 8p-ingosphxriclse. 
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During the spring and early summer of 1925 the anthora made 
a rapid ~econmimance survey of the country lying between the 

Kaka-Simla motor road and C h h a t a  hill- 
Soope of the P-nt station, in the course of which several new 

invsatigstian. 
geological facb came under their notice, which 

led them to an i nk re t a t i on  of the structural and hornotaxial 
relations of the rocks of that region, different in many respects 
from that which has hitherto been accepted. During the corres- 
p0ndm.g period of 1926 work in the ares was resumed by the junior 
author, the senior aut'hor being unfortunately unable to participate 
owing to absence on leave. While t'he second season's work entirely 
codirmed the previous conclusions as t.o the geological structure, 
yet i t  int,roduced m~dificat~ions, of which the most important was 
ihc recognit:ion of the Chail series, t,he existence of which had not 
previously been suspected. This was due to the detailed geological 

1 The second author done L rcapoxmible for the sections dealing with the petro!cgp 
and metamorphiep of t&c ar- 
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mapping in which the junior author was engaged ; in fact he ie 
almost entirely responsible for t'lle actual boundaries of the various 
geological formations in the eastern portion of the map forming 
Plete I. In 1987 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 
Bimla, 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 comideration, yet there are reasons 

why the publication of the results so far 
8 0  for w r l ~  obtained should not be delayed until such a 

pnblioetion. 
survey can be accomplished. I n  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 neiglibourhood 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 a t  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, i t  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 
Mapa in the sheets 311, 312. 313, 334 and 335. Prom 

wrvey. 
these the geolog'cal map forming Plate I on a 

ecale 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, i t  will be necessary to refer to all the rock groups 

by name, and it seems most convenient to 
Cl-ficf~tion of the set these forth at  the commencement, using 

rooks. 
the new classification and correlation which we 

have adopted, the reasons for which will appear in due course. 



11. -CLASSIFICATION OF THE SIMLA ROCKS. 

D a o s ~ u  ermul&F- 
Purple sandsfon- and obyr (bnokbh water deponib) Low= BZIocratr. 
? UnGmfomilg. 

KBOL BBBTL8- 
(1)  h i v e  blue limestone. 
(2) Red able. 
(3) Lim&ne and ah&. 
Uneonformity. 

h 4 F l U - b ~  BED+ 

ShaIy slatee, with be& and lenticlea of hard brown 
q narteitia grit 

BLAINI LLMESTOXE- 

Pale pink m a g n b n  limestone ( = k d h n l h  of Jawmar) 

BLAIN1 OOX0MYEEAT~- 

Boulder be& ; slates with pebblee ( g W )  
U n w u j a d y .  

8- e m s  (Idm-B1dni)- 
(1) Dark unaltered dabs, and miolloeoue uu~datona Doam Sumz13 (UmQ 

P w m x o ) .  
(2) Limeatone wit.h paendo-organic etruotaw (Warhatti 

and Naldera Limestones). ( ? = D e o h  Limsstone) 
uncvnjmity. 

J A ~ ~ A E  BETUES- 

(1) Pale, sub-schiatom &tee Pumn~.  
(2) Muoh oruahed miabamua elatem and phyl l ih  
(3) Purple phyllites and conglomerate. 
(4) Parple, g m n  and grey quartaites, pebbly in their. 

upper portion. 
(6) Blatea with elsty deevage and vein quartz. 
Unco?Qmily. 
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c a u ~  e m -  
(I )  Light grey and brown aohietose elates and quartz- 

aohiste PORANA. 
(2) Slightly talcom flaggy quartzites and quartz-achiats. 
(3) Talo-eohiet bed (30 to 40 feet thick). 
(4) Slightly puokered grey phyllites. 
(6) Qrey ~~ with interbodded banded oruahed lime- 

stones. 
Umjonn i ly .  

Intrnaion of Chor granite aooompanied by intense fold- 
ing and high grade metamorphism. 

Olivine doleritee 81t1 intruded both into the granite m 
well as  into the Jntogh eerioe. 

J ~ H  e w m  (Order of superpoeition uncertain)- 

( 1 ) Quartzitas and achiate A K O ~ X A N  (?). 
(a) Cruehud and banded dolomitio limestone, generally 

oarbonaceoue and often containing actinolite. 
(3) Carbonaceoun rr1ete.s and phyllitrs (often garnetiferone). 

(Jakko elates). 
(4) Qnartzita and mice-eohists. (Boileaugunge beds). (Hornblende aohiate 

an? gneiseee are frequently intruded). 

111.-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 a t  the end of tho paper (p. 139). No serious - 

Previous work in the attempt to  work out its geology was made 
&ma: until H. B. itfedlicott studied i t  and published 

Medlioott. his results in 186-1 in a memoir " On the 
(feologioal structure and relations of the southern portion of the 
IFimalrcyan range between the rivers Ganges and Ravee." This 
memoG the &t to deal with the geology of the great mountain 
chain in a truly ficient'ific fa.shion, displays the author's powers of - - 
obeervation, origimlit8y and critical judgment in a degree that - 

leaves us astounded in adruirat'ion of his genius. This is evident 
when one realizes. not only that i t  laid the foundations of o w  know- 
ledge of Himalayan ~tructure, which remain as firmly established 
to  day as when Medlicott enunciated his theories ; but also that 
his cokelation and nomenclaturs of the rocks of the Simle ares have 
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undergone no ma,t&d altention at the Bsmdm of snbqoent mi-. 
McMahon, R. D. Oldham and Middlemise have extended Medlicatt's 
o k a t i o n a  in the area between Simla and NepJ, and have cxm&ted 
more widely than he attempted to do, but Medlicott'a olansi- 
f i d o n  of the various rock systeme formed the heeL of their w d ,  
and is still our accepted ~tandard. A peruaal of Hayden'e " Geology 
of the Himalaya " (1907-08) convinces us that, however remarkable 
the fact, this ie no more than the truth. 

We have accepted thc geological euocesion given by Y-tt 
for the fonnrstions extending from the K ~ o l  limestone down to the 

Medficott'e dadfi- Simla (Infra-Blaini) e l a h  It must be mder- 
uation of the roch at BtOOd, however, that this mcepfsnce applies 
Solon. only to the type area neas Solon, eince we do 
not universally agree with Medlicmtt w h m  he correlatae certain 
rocks a t  Gimle and elsewhere with the Krol and I d - K r d  The 
evidence for the geological euccession wm found in the valley of tbe 
Blaini river, north-west of Solon, where Medlicott ehows clearly 
(pp. 25-30) that the sequewe is ee followe in descending order. 

Upper Gal, d e m  blue limestone. 
Middle red shale. 
Lower Krol, thin-bedded, clear blue limestone, repleced m i o n -  

ally by indurated well-bedded marb. 
&ol sandstone, s coarse quartmse sandstone, o h n  decomposing 

into a dusty sand. 
Infra-Krol, M y  &tee, often carbonaceous, with and 

lenticlee of a hard brown qusrtzitic grit. 
Blaini, siliceous limestone, from 15 to 20 feet thick ; a boulder 

bed coneieting of pebblee generally of qurtz i te  mattered 
either plentifully or sparsely through a fine gritty slate. 

Simla or Inha-Blaini, well-bedded grey data without mnd- 
stone lenticlm or carbonaceous m a w .  

Cansidering only the p-Tertiary rocks of the arm, it is at once 
apparent that Medlicot.f and all snbquent geologists bsve found 

in the Blaini beds the most important clue 
Value of *&ni towards unravelling the structure of en area 

for oodation. in which the entire absence of fo6sile and the 
close similarity which rooks of different ages bear to one another 
p r m t  dihulties of no ordinary magnitude. The present miters 
form no exception to thia rule. If ie not too much fo say that, were 
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i t  not for the peculiar and unmistakable oharacter of the Blaini 
oonglomerate and its often associated limestone we ahould have 
little hope of correlating these rocks euccessfully. R. D. Oldham 

R. D. oldham: hss mapped a band of Simla slates between 
Relation of the Stmle Solon and Barog, forming the core of an anti- 

'O the B1aini. climl fold having Infra-Krol beds on one limb 
and Blaini beds on the other. The further evidenco that the Simla 
slates me stratigraphically lower than the Blaini beds is to  be found 
a t  Simle, where these slates are exposed in all the valleys on the 
emt and north of the station (see R. D. Oldham's map, Rec. Geo2. 
Sum. 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 pawing 
up through the Blaini and Infra-Krol into the Rrol, 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 i t  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 

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

- 

developed, but further, the Simla, Blailli and 
Contraat between the 

rooks of Simla Infra-Krol series, though containing rocks often 
solon in regard to resembling 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 ~ryst~alline s t r~c t~ure  or evidence of flow in the limestones ; 
while the Krol sandstone is obviously not a metamorphic quartzite. 
It iB as well to  insist upon this point,, because the rocks to which 
we shall next refer, nhow all these-features in a more or less marked 
degree. Medlicott has described these rocks as exposed a t  Simla 
mfficiently 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 t.0 1 mile have described r~nd mapped 
them in sufficient detail t,o make the relations of their va,rious 
optcrops periect1-y clear. The rocks in question rest on the Bleini 



eeries. The d i p  me nowhere vary k h ,  and thsre is no uupedkl 
reaeon to euepect overfolding or revermd faulting, the only fsdb - 

R. 1). Oldhsm'e which Oldham has mapped being minor o m  
oIamitioation of the of the normal or step type. Following Oldham, 
Simlrs m o b .  we may trace the following apparent eequmme 
h i r a g  from the Blaini. 

B k n i  boulder bed. 
Bleach sktes. 
Blaini boulder bed. 
Blaini limestone. 
Black carbonaceom limestone and shale, rnuch crwhed and 

folded on a lrlinute scale. 
Cwbonaceous, slaty, garnetif erous schist8 (Jakko be&). 
Garnetiferous quartz and mica schista, in places psesing into 8 

quartzite (Boi!eaugunge quartziks). 
Limestone, sometima caxbomceorw, much crushed and folded 

on a minute scale, with ~eco~ldaxy minerals (Proaped hill 
beds). 

Hornblende schist (l'rosl~ect Iiill beds). 
Jutogh beds, coilsistiiig of three bands of liule-atone, wparated 

by c~bollaceous schitlts and quartzites (Olclham m e l r r t e s  
these w-it11 t.he single band ot liruestone on Prospect Hill, 
but offers ua explanation of the absence of the hornblende 
schist at Jutogh). 

 appro^ Sirnla from the S.W., &ledlicott states (p. 37) that 
the Sida elah neaz Kiarighat are overlain first by a blue limestone 

Medlicott's vfm on 
which- he wnaidered to be Blaini and then 

themob 8.m. uf aimla. by a eerie. of slaty schists and eub-ec-e 
flags. In  bu text he leads ua to suppose that 

he oomlates these with the J&o slates ; he remarks that they pas 
up into the Boileaupnge quartzites of Tare I-)evi, these bang over- 
lain by the Jutogh beds already mentioned. He lure, however, 
mapped them as Siiimls (Inha-Blaini) slatea; altogether he does 
not seem at all eaay to their exact correlation or their rdationa to 
other portions of the Solon-Sida section. In  any csse Medlicott 
came to the conclusion (1) that the 8imla seotion is mmparatively 

undisturbed, the whole forming in effect a 
Medli~ott's viewe on 

the Bide eection. shallow synclinal, ~ . n h h r r ~ p t t r d  except by 
stepfaulta, (2) that the enperpotition of th- 
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mhrnorphic rochi on the Blaini aeries represente their real rcuccession, 
and he is therefors forced to correlate them with the Infra-Krol and 
Krol aaies of Solon (p. 34). The black crystalline limestone and 
the Jakko achists are thus the equivalent of the Infra-Krol carbona- 
ceous slates ; the Boileaugunge quartzites represent,, though in an 
immensely greater thickness, the Krol uandstone ; while tlh c Jutogh 
nod Prospect Hill ' limestone with its interbedded achista and qunl-t- 
zitc becomes a variant facies of the Krol limestone. 

The. mine correlation of these rocks was adopted by It. D. 
Oldham (18117, p. 143). To explain their mets~norphis~n 11c 

iinrokcs the agency of all igneous int;rusioll. 
R J). Oldham's 

aciopti011 o f ~ e d l i c o t t * ~  AS there is no trace of such igneous rock 
view. 

Hypotheeh of en 
a t  Simla, he suggests after Medlicott tllat i t  

iaeom inheion  to formerly overlay the metamorphosed beds, but 
the metarnor- has now been entirely denuded ; or alter- 

phiem. . 
natively that the intrusion is still buried 

beneath the surface. I n  either case the intrusive rnasv must have 
exercised a aelecttive action, since the Blaini and Simla series are 
unaltered. 

Even before they left the Kalka-Simla motor 
The outhorn' un- road, the authors were little disposed to accept 

wiUingmae to eooept 
the &neom hypothesir this explanation of the facts for the following 

reasom :- 
(1) Since Oldham's account of the geology of Simla was written 

i t  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 tohe 
other hand, while regional as opposed to  thermal meta- 
morphism is recognized as a usual phenomenon produced 
by intense pressures applied a t  a considerable depth 
over a big area, there is a disinclination, to  say the least, 
to  regard such metarnorphiam as selective, except in a 
very minor degree. 

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

Different oonstitu- local facics of the typical Krol and 
tion Of the Simla and Infru-ICrol serics, us seen at 
Solon rocb militates 
agnimt their cormla. Solon, prcvonts dificulties. It 
tion. J T I ~ I R ~  1 ) ~ .  F C C ~ ~ ~ C L ~  tliat. the outcrop 
of the Krol 1i1lv:st)onc cx%t?ncls born l l ~ c  J l i ~ e r  1Cavi a t  
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least to the River J,mna, that ia to my, OVM & di5ta.m~ 
of solno 200 milm, within which its obr& rernsim 
essentially the Aame. 8im the mnskwy of the Krvl 
limestono over great diahncea is so marked, it mme 
hardly credible that within the few mila  that eemb 
8imla from the Krol hill, the lllaegive blue beetone 
shouM have been replmd merely by a few thin b q d s  of 
highly ~ b o n e c e o u s  limatone end that the rmt of tho 
formation should hsvc h ~ n e  argillaceous or sandy. 
The greatly incremed thicknw of the Krol mrihtonu, 
on the a~umption that i t  i~ the same as the Uoiloaugutge 
quart~ite, is also noteworthy, and h been the aulject 
of comment both by Medlicott and Oldham. 
is incoaceivable to  us that the etructure of the Simla beds 
should be so aimpb as Bledlicott and O l d h  have 

Simplicity of the assunled. Medlicotlt was the k t  
Simh . eeotion ae to point out that the Tertiary rocks 
esaumed by Bledlicott 
incompatible with our of the Hilnrrlapaa are extraordiwily 
id- of Hirusl~yan di~turbed and are tra\~ereed r o p t -  
etructure. edly by longitudinal revered faulte, 
which often extend for hundred8 of miles. Similar high 
dips and sharp folda and faults also exist in the outcrop 
of the typica.1 Simla (Infre-Blaini) and Krol series, aa 
Medlicott and Oldham have recordd At Simla, how- 
evar, we have, acco~ding to their assumption, a gent,le 
aymline broken only by minor step faults. 

On the face of things, therefore, the authore were prepared to 
find that so far from the Sir& metamorphic roc& being ne-er than 

Alternative cxplana- f i e  Simla dates and the Bhhi  beds, they are 
tion snggeated by the really much older, and have been thrust over 
authora. the latter along a uearly horizontal plane ; and 
further that they are not a regular stratigraphical sequence but 
represent a group of less then half the thickness predicated by pre- 

vious authors and repeated several times by 
Overthruding. 

a series of recumbent  fold^. 
The fault or faulta postulated sllow four outcrops in the neighbow- 

hood of Siinlla : tho first croasing tho N.R. foot of Jakko and running 
approxi~nately through Annandalc?, and north of Jutogh ; the w n d  
just north of Kuthlighst railwiry stsatlion ; the third south of Kathli- 
ghat railway station, and exactly 144 lllilss Irom Sinda on t.he motor 



road ; the fourth on the ridge above Kiarighat and arossing the 
motor road 16i) milea from Simla. Although these four fault trace8 
are disconnected in the immediate neighbourhood of Simlrt, yet it 
will be shown that the first two of them are linked up to form a 
oontinuous closed outcrop, representing one and the same fault; 
while the third and fourth traces belong to distinct faults. The 
carbonaceow 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 14+ and Kathlighat. These 
are in their turn thrust over a still newer series but older than 
the Simla alates, the last of the three older series being finally 
thruet over the Blaini, or where the Blaini is missing over the 
gimla slates. 

On this hypothesis it is quite na t~nal  that these older rocks should 
have undergone a regional metamorphism prior to the deposition of 
the Si& alates, and that the latter should not, therelore, have been 
affected by it. Equally do the other lfficulties inherent in Medli- 
cott's and Oldham's correlation vanish with this new interpretation 
of the structure. One sentence in Medlicott's ~nemoir is worth 
quoting, as it seems to show that he envisaged some such explallation 
of tho structure as we have now proposed. It occurs on page 36 
of his memoir : " To account for a state of things so npparen,tly nnowm- 
hus and incompatible with the generally received notiorb of mctumorplzic 
&ion, ow is at jrst tempted to look for grand ~ I Z W Y S ~ O I Z  of t 1 ~  strata." 

We, however, fail to  understand his reasons for rejecting lt. 

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

support, when the sections between t.his and 
C'onfirmation of the 

new hJTpotheais by the Tons river are st.udied. At the present 
eection~ in the Char stage i t  would be prematwe t,o do nlore than 
area. present an outline of the geology of t'he area 
ae a whole, sinco the authors have studied closely o~lly 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, i t  will be ad~ant~tlgeous to 
publish them a t  once. 
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EJouth-east of 001on riaes the bill known aa the 1Chanog. Thin 
presents approximately a ~ynclinal structure, tlhe bigheat b& 

exposed being the Krol limeebne, which 
Continuation of the 

&lo,, - to presents all the typical feature. of this foam- 
mukh-e~t; me Gin tion, paming down through eandshne into the 
hdt. Infra-Krol shalee both on the N.E. and 8.W. 
Near Solon thma have been mapped by R. L). Oldham on a ~hee t  
w h h  hm never been publiehed. 

Medkott draws attention to an an t ic lb l  fold a t  hnctLgLat in 
I&a-&ol rocks (pp. 36, 37, section on p. 24), with an meendmg 
sequence on the S.W. limb into the typical &01 series of the Krol 
h a ,  while on the N.E. limb the amending sequence is interrupted 
by a thrust fault running through Kandaghat and down the AsLni 
river by which the Simla slat= are thrust over the I&&-&ole. 
We w e e  with Medlicott that these rocks agree precidy in lithologi- 
cal composition with the Simla slates of Simla and havc no doubt 

to the correlation. A continuous sucweion of these be& is 
axposed 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 dong the right bank of t8he Giri. Tlle peculiar weathering of the 
G o 1  limestone nhich forms the upper half of the ridge is unmistak- 
able ; structurally the feature is a continuation of the Rrol hill. 
The dips are high, but p ramably  the Simla slates form an anti- 
clinal fold and the N.E. h b  of this anticline is faulted against more 
Simla slates with a N.E. dip. T h e  rocks consist of well-mded 
slates, showing no reid metamorpbisnl, without any vein quartz and 
entirely unassociated with q~art~zites. This fault runs from h n d a -  
ghat along the right bank of tohe Aehni river, crosses the Gwel  
river about a quarter of a nde  above its junction with the Ciri, 
and continues along the right bank of the Giri M d c o t t  has 
it the Giri fault. 

The structure of this wm ia clearly revealed 
Seotion in the Kaml 

river. by examination of the ssction in the Kawal 
rker which cuts right across the strike. 

Below Hiwai typical carbonaceous I&-Krol ahtea are seen, 
dipping down-streain. On going upstream these rooh are eeen to 
overlie the Bleini bed8 by Khaltu (f mile S.W. of Kuhat), though 
only the boulder beds ware seen. Beneath these there comes a thick 
development of the S i d a  elates which are Been for t-a long way, until 
they aro suddenly cut off by a strike fault. This crorwes the river 



whwe the tributary from Bag comes i4, and ha8 t&e effect of, brillgilg 
up the I&&-Krol datee sgain to the eouth-we&, which now occupy 
t,he 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 Been once more, represented here by both the limestom and 
the boulder bed. As before they are underlain by the Simla slates. 

Returning to Riwari and going down-etream, the Ipfra-Krol are 
seen to dip beneath the Krol sandstone, south of Dabreah, and the 
latter soon gives way to the Krol limestone. These be&, howevw, 
evidently occupy the core of a fold, for after about 300 yards they 
are overlain by the Krol sandstone, which in turn passes down uucler 
the Infra-Krol slates. Further down these Infra-Krol are succeeded 
by the S h l a  slates, about S.W. of Mueog, the Blaini being entirely 
niissillg. 

Throughout this length of the river the dip varies between 3,s. 
uud E.N.E. Due south of Mareog, however, the dip turns over to 
tho S.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.E., 
und at Dudham this great thickness of Simla slates is overlain by the 
Bhini beds, a8 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 a t  Karganu. It is not certain 
whether it represents the Blaini ; but if i t  does then it must owe 
ita presence here to B sharp fold which brings down the Blaiui into 
the Simla slates. 

figore 1 is a diagrammatic section across the strike, along the liuc 
of: the Kawel river and across the Giri to Dudha~u :- 

1)~. I.-Diagraluulatic eection along the Kawel river. l)iutancc about (i wiles. Verti- 
cal scale exaggerated. 
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, We clearly have a eyncline of Kxol and Infra-Krol o v e r f d  
to the aouth-west, followed by sn anticline of Simla elates end Blainj, 
the northern limb of which ia overlain by the Jag- (Jaunaer) Leds. 
But, ae Medlicott long ago pointed oat, the great thickneee of 8irnle 
s la ta  below Dudham necemitates a fault, with an upthrow to the 
north-east, and it  wae this fault which he named the Giri fault. 
It evidently crosses the Kawal about a quarter of s mile above its 
junction with the Giri, and ia no doubt responsible for the non-re- 
appearance of the Blaini be& there. A eimplified aection amwe 
the strike here may be given :- 

\ 
\ 

Giri fault \ 
\ \ 

FIG. 2.-Diagrammetic eection tm ahow the BtrPatam ia Fie 1. 

It seem Likely that the overfolding and thrust h d h g  were 
directly induced by the main overthrustiq, the evidence for which 
we ehall put forward in the following pagm; the two eve& wwe 
doubtless more or Iess contemporaneoue. 

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

( i )  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 alatcss is 
k t i o n  wrose tbe 

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

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

series of quartzites some beds in which are 
The Jagas (Jannsar) 

series. schistose. These pass int,o a crushed conglo- 
merate, consisting of quartz and slate boulders 

often of large size and flattened, embedded in a purplish slaty matrix 
(361939). 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 a t  the village of 
Nigaili just south of peak 6,594 ; 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 (Juz~nsar) series- 
Light-yellow and lavender phyllites carbonaceous in places. 
Purple phyllites and cruuhed conglomerates. 
Massive white quart'zites. 
Brown slates. 
Massive white quartzites. 
Light green-brown slates. 
Dark slates. 
Quartzites. 
Light and dark slatea. 

Blni?zi beds- 
Red shales. 
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Blaini limestone. 
Upper boulder bed. 
Bleach slates. 
Lower boulder bed. 

The brown e l a h  and the light green-brown shta are bath true 
elatee, and show their original bedding markedly oblique to the 
present cleavage. 

To these beds we originally gave the name of the J a p ~  
series, but we have considerable evidence for conelating it with 
a part a t  any rate of Oldham's Jaunsar wries which we reatrict 
to the quartzites and slat-, excluding horn it the limestonee and 
volcanic ( I )  bed8 which Oldham haa included with them. If this 
correlation is correct, then the mmc Jagas may be abolished. 
In  any wee they are undoubtedly the aame ae~ the outcrop which 
overlies the Bimla slates between the h h n i  river and the ridge over - 

The Jagae (Jaunaar) 
Kiarihat, with which they have been traced 

conalomerate. into continuify. The most characteristic re- 
0 

semblance is to be found in a conglomerate 
described by McNahon (1877, p. 205) in the gorge of the Ashni rivet, 
just below the junction of the Tandalail stream, about 4 miles E.S.E. 
from Kiarighat ; i t  cont3ains " white quarlz eggs " and pasam into a 
quartz sandstone. McMahon correlates it with the Bhini congle 
maate, but the absence of the generally mmciated limestone is i t  
eelf si@mnt. Furthermore the matrix of the boddm is not slaty 
but is on the contrary a fine grit or qwtzi te .  This bed is undoubted- 
ly the equivalent of the cmhed boulder conglomerate of the Dudham 
ridge, end it a h  seems identical with a rock which occurs in what ie 
certainly the Jaunsar series just weet of the Tom, all along the Chand- 
pur-Shalai ridge, as well as in Bawar-Jaunsar itaelf. The Jauneru 
series, however, varies rapidly in character from place to place, 
and we find it often diiEcult to say how far beds met with in diBEerent 
wtione represent the mme hwieoa 

About 3 milee eaat of Dudham in the Qatogara nala, whcn ia a 
mal l  tributary of the Pervi, the beds just desoribed are overlain by a 

&ntinustion of the typical outcrop of Blaini conglomerate and 
Dadhem motion to the limestone. Resting on the Blaini are a eeriee 
n o d - e a t .  of ailvery grey phyllites, alightly talcaee 
quartzites and quartz-sohieta 

D a 
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m h e r  up the Pervi and round the village of Rajgsrh t h e ~ e  
latter rmkB sre by black carbonaceous slates, amongst which 
lbtie or the rmke one most characteristic feature is a black 

&b Rojgffh nith t h m  of slaggy-looking rock, pitted by small cavities, 
fimla; Oldhsm'e " Car- 
bomlu) - : evidently once occupied by minerala (361948). 
~utogh seriee. These are seldom preserved, but have been 
found in &u in a few places, amongst which Prospect Hill a t  Simla 
m y  be mentioned. These carbonaceous slates are well exposed 
round Rajgerh and above i t  on the way up to  the crest of the B i n  
Dhar. Interbedded with them arc quartzites and a c,arbonaceous 
limestone which ia never more than 6 feet thick (36/950), but which 
recurs a t  mveral levels in such s 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. Oldhem 
has placed similar beds, which he saw a t  various localities between 
here aud the Tons, in hia " Carbollaceous System " with which he has 
included the Jakko and h a p d a l e  carbonaceous slates and schists, 
and has therefore correlated them with the Infra-KTol and Krol. 

I n  this section we have as at Sinlla a series of nletalnorphic beds 
resting on an  ascending sequence of Simla slates to  Blaini, but in 

this case also we cannot Elee that it is possible 

1rnpos.4 biity of to  explain them on the hypothesis that the 
correlating the supra nletanlorphic beds are the altered represenla- 
B1aini of the tives of the Infra-Krol and Krol series. In Dudham aeotion mth 
the Infm-Krol and the first place there is no limestone whatever 
l h l .  in the thick seriee of quartzites, slates and 

phyllites which crop out betwecn Dudham and 
the Catugara nab, although as we have seen, just across the Giri t o  
the south-west, limestone is the most important feature of the Krol 
formation. 

They are equally distinct from the Jakko carbonaceous sletes, 
the Boileaugunge quartzites and the Jutogh beds in the neighbour- 
hood of Simla, which Meaicott correlated with the Inha-Krol and 
Krol, llot only in their less degree of metaniorphisril but .also litho- 
logicaliy. Moreover i t  is significant that only n few miles away, a t  
Rsjgarll, a series of beds exist which exhibit most of the features 
typical of the beds a t  Sinlla just mentioned, but they do not rest 
on the Blsini a t  Simla but are separated from then1 by two sets of 
beds which are equally unlike either of the others. 
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Before giving the explanation which we our~elve~ ooneida the 
only one capable of adequately satisfying t.he o h w e d  facts, it will 
be ae well to refer to  oertain other features of tho mt ion which have 
not as yet been mentioned. 

It has been stated that between the outcrop of Blaini in the 
Gato~ara naIa and the oarbonaceous slates of kajgarh, whioh we - 

The seriea. 
may call the Jutogh mria, a ssries of t a l m  
quartzites, quartz-scbiata and phyllitee om= 

to which we give the name Chail scrim. Though we regard them (LI, 

older than the Blaini and Jagae ~ e r i a ,  their dilrtinctness aa regards 
degree of metamorphism from many of the beds of the Jagae (Jaunees) 
eerise ie not on the face of i t  very obvious. It is true that there are 
marked differenma between the quartzites of the two group. In 

Differenoee between the Jagas scriea tthe quartzitee invariably B ~ O W  
the Jamear crnd tho the original clastic structure of the rock, and 
Chail quartzites. the constituent grains have suffered no r e  - 
mystallisation. I n  fact they are not really quartxitea at all, for they 
never show a siliceous cement. They are either sandstonee or grite. 
I n  the Chail series, on the other hand, the quartzites have been re- 
orystallised, and the quartz grains are seen aa a mozaic of quartz 
with no interstitial spaces. More commonly them Chail rocks have 
a slightly schistose structure, due to the development of new aericite 
or muscovite between the quartz grains. 

At the same tune the existence of rs peculiar band in this series, 
which one of us hse traced for long &tan-- and haa found to poseese 

The Chail Balo-sohist 
a marked individuality and oomtancy, 

band. proved as in the case of the Bleini, for dmiler 
Ieasons, of the utrnoet assistance in identifying 

the series and unravelling the structure. This is a rock which may 
be termed a talequartz-schist, but which for convenience will be 
referred to aa a talc-schist (37/619). Never more than 30 or 40 feet 
thick, i t  yet persists over a large area with little or no change. It has 
a very characteristic appearance, and can often be men from a long 
way off ; for on account of its bright silvery colour, both the outcrop 
and the debris below it flaeh out in the sunehine. 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. I n  sddit'ion to the t,alc., the 
rock is invariably full of little black speckr, embedded in the talc. 
Under the microecope tIhey are seen t-o be magnetite. T h i ~  band hse 
been traced from south of Chail, in Patiala, to the eonthern ejde of 
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the Chor mountain; but i t  hm been found to  extend, though in e 
leu typical form, beyond the Ashni river, and across the Kaka- 
M a  cart road. Its value, however, was not at first recognised, 
end for that reason i t  was not mapped further north-west. 

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

series, is not of great lateral extent, and is 
Glstogara '' window " m.il. h i n g  overlapped to the south-vest by the Chail 

the Bhini overlying the series, which everywhere else aboui; here rests 
Jagaa (Jaunser) senes. 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 Series 
Fia. 3.-Diagrammatic section along the Gatogara, &ream. 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 authors' inter- than the Simla slates, exposed between 
retation of the Dudham and Rajgarh : (1) the carbonaceous 

h h a m  section. dates, limestone and quartzites of Rajgarh-the 
Jutogh aeries, 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) 
series, which is the youngest of the three. The Blsini series was 
deposited unconformably on the Jagas series after previous denuda- 

The three main orer- tion of the Simln slates. Finally three over- 
thmats. thrust faults pass through the area, one near 

Dudhsm separating the Jagss (Jaunsar) geries 
from the Blaini and Simla series, tho second in the Gatogara nalo 
se~areting the Chail series from the Blaini and Jagas series, and the 
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third near Rajgarh eepsrsting the Jutogh wbo- mrh ~WSI 

the Chail , aerie8. 
It will be convenient to refer to these three overthruh, which are 

of enormoue lateral extension, in the sub~equent partion of t h i ~  paper 
aa tb J~umar, the Chtlil, and the Jntagh faulta r ~ i v e l y .  

( i i )  Argument based on unamformity. 

The evidence for the overthruating which we aseume to hovo 
occurred does not, however, rest alone on the eingle ~ection which 
has jusf been described. One of us ha8 traced the Blaini. 
outorop from Dudham to the north-west. It crosees the Gm 
one mile above Karganu and tonguea up that river occupying an 
even wider outcrop than might have been expected owing to a slight 
change fiom a north-easterly to a south-wmterly dip. It is rernark- 
able that Medlicott missed this exposure, na he evidently did through 
his etatement (1864, p. 41) that the only rocks seen d l  the way along 
the Giri from Kot to Kargenu are the Simla elatee. On the Giri the 
Blaini is developed ae typically and in a9 great thickneee ae a t  Dud- 
ham. Between this point and Kiar situated on the south-westerly 

cutting out of the flowing portion of the Ashni river, it ie cut out, 
Blainibedstothenarth- member by member, againat the overlying 
rvefst. Jagae (Jaunsar) series, which diflere only in 
detail from tho beds exposed on the Dudham ridge. 

This is best shown by a number of parallel ~ectione~ showing the 
thicknem of the various beds that go to  make up the Bhini. 

BUii ~ ~ n e .  . . 16 3 milwing 
M d  shdell 16 . . . . 
~ ~ p p b c b ~ n ~ e a k  : 45 few ieet few f a t  
Bid d 8 t -  M) 150 130 

- 
t 

b w e r  tioaldaGi : 20 few feet 20 t 

16 =i=@ mi%eine Blaini 
(wnlinPlsd) . . . . entirely 

t ieet 
? 200 * miadnP 

f d y  thok 
? few feat m h h g  

The Blaini d r o p  has alao been traced in a south-essterly d i r e  
tion from Dudham. A t  the latter place their thicknew is about 350 
feet. Thence they cont,inue to crop out in a regular way just below 
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Hion rrnd just above Shalmun and then for a long way a little above 
the road 'to Rajgarh. The two sections showing the thickness of 
the individual bede a t  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 eide of the Giri. 

Blainilimestone . 15 1; 
Upper boulder bed . . . 66 46 
Bleaoh elatem . . • . s * . (about) 160 246 
Lower boulder bed . • . . 60 65 - - 

290 360 - - 
EIigh up above Shalamun, towards Nigaili, a small outcrop of B 

boulder bed mas seen. It is ditlicult to understand its position here 
if i t  represents the Blaini, but i t  was not closely investigated. 

A t  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 as we proceed north-westward from the Sheola gorge to Kiar 

on the Ashni is clear proof of an unconforrnity. The Jennear thrnet 
demonstrated bp the This is alone needed to render i t  certain that 
u n m * ~ m i t ~  of the the Jaunsar thrust, of which the probability 
Bleini. 

was inferred on other grounds, has a real 
existence. 

A section through the Jagas (Jaunsar) series which is exposed on 
the Aahni river affords also very important evidence. This will 
now be described. 

The Ashni is an imporbant tributary of the Giri river, the two 
joining a t  Karganu. About one mile east of Kandaghat, on the 

hction in the Ashni 
Kalkrt-Simla railway, the Ashni river makes a 

river. right-angle bend, and it i~ above this bend 
that the Jagas beds are well exposed, for the 

river here rum directly across the strike, nnd has cut down deeply 
into the r3imla elates and Jaga>(Jaunsar) beds. 
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Where the BBbni taka 8 eoutherly bend, by giar, there is a v q  
typiwl development of the Sink dates, which have a & d y  n d -  

C b d r  of tBs 
eaahrly dip of ebont 4-0". They are muwed4 

jwu ( j-r) 3 uptremm, apparently mnfombly,  by the 
oont-t with fhe Bimb Jegm ( J a u w r )  aeriea, which continue to crop 
mrier. out for about e mile. The b-1 beds of thie 
eeries ere here reddish-pllqle phyllitea, a type of rook wbich pea- 
aiste for B considerable distance fo the south-& (:36/918 and 36/94!2). 
A characteristic feature of thb rock is the presence in it a£ elicken- 
sided e u r f w m .  Them may occur along the dip plane, or at an angle 
with it, and are eaaily recopbed by their green cdlour, due to the 
produotion of a thin film of mme mineral where tho rock hw evident 
ly been eheared. The rocb themeelves are true phyllih,  for they 
have undergone s&cient low grade dynamic metarnorphiam to 
have new mica (eericite) produced in them. 

Theee Jagas (Jaunear) rocke then, in their degree of metamor- 
phism, are in marked contrasf to the Simla beds below, which are 
not even in the condition of true ehtse. 

Further up tho Ashni, these purple phyllitea are succeeded by a 
thick mass of purple and white quartzites, generally purple, which 
in their upper part contain occasional bed8 of phyllite. Tbe dip is 
uniformly to the north-east at about 30"-40". 

About 150 yanb before the big tributary from Chail, these b d ~  
become conglomeratic, though at  first the pebbles are quite small. 

The Jaonsar oonglo- 
A t  the ssme time the quartzites beg~n to ahow 

memtb. marked falsebedding, and further up one ge& 
a rock which consists of ban& of conglorn&ah 

in a purple faleebedded quartzite, a t - v i a l  shallow-water depoait. 
The pebbles in the conglomerate are in the main of milk-white 
quartz, .and henoe are very mnspicuoua. These are the " white 
quartz eggs " referred to by McMahon (see p. 15 above). On thc 
average they are about 1" in diameter, though they wmetimes reach 
up to 3" or 4". In addition there are pebblee of purple quartzite, 
snd abo fragmenh of elate, which in p l w a  are ao abllndant th&% 
they give the rock a mi-achietme character (36/923). The rocks 
now have a higher dip, tlhough &ill to the north-wt. 

On reaching the stream from Chad, a complete fold in them roch 
is very clearly seen in the west bank, with the result that further up 

Ths ~ a & .  outcmp 
the river one get8 P repetition of the roe& 

sn ieocm - fold. - seen Mow, 6onglomerate - bede behg -succeeded 
by purple quartZitss md some phyIrite. Only 
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@ of the sequence, however, is repeated, for a little before the 
m n d  tributary from the south-east these Jragas beds are abruptly 
out off, and their plaoe is taken by the Chail aeries of rocks. 

lj'urther evidence for a fold is afforded by the section seen along 
the bridle path to Chail where it leaves the main road and deecends 
to the right bank of the hhn i .  Along here sorrle distinctive soft 
light coloured sktes are seen to be repeated. Along the same 
path, juet before the river is reached, are some carbonaceous slatea. 
We believe these to belong to  the Jagas (Jaumar) rocks, and to abut 
directly against the Chaila, though the structure just here is not 
quite char. 

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

G J a u n s a r  S e r i e s  3 yL 

S. W. 

FIG. 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 had been a norma.1 one we should have had 
first a repetition of the whole of the Jagas be&, followed by the 
Simla elates once more. 

An unconformity can equally be dem~mt~rated between the Chail 
ahd the Jagas series. The relic of Blaini in  the Gatogara rsah, 

~h~ chsil thrnet intervening between the Chail and the Jagae 
demonatrated by the series, is one evidence of this. Further proof 
Blaini window and by 
the d e g  of the of it is, however, seen a t  Ram Ghat on the 
Jannsar aeries. 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 
slates until just below Sargaon. This out-crop of the Blaini with the 
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mdm1yin.g Simb slates ha been traced into dirwt at ti nu it^ 
the comaponding outcrop a t  Bimls (page 84). 

The southern boundary of the BLini has also bean 8 lq 
way to the north-east. From below Lakhoti to the esst of the 
the BLjni outcrop rises rapidly, and eventually reaohes Rsm. ahat, 
Up to thie point the Bhini has been peuristsntly overkin by tha 
J q a e  series. But from now on the Chad re& re& &redy m, & 
B W ,  and the Jagas beds are dire ly  mkniasing. The Blaini is nor ovg- 
lain by the same be& for a long way ; the outcrop runs rouhlJ n 
follows, past Dhaila, Pal, Dhamla, Kufar, Chala, Pabhsoh, and ~0 

on amose Pain Kufar Dhar, as is ehown on the mBp. Thie is sa far 
as it haa besn followed. .The rooks have a vay gentle dip to the wt, 
though at  times they are practiwlly horizontal. 

1; is thus quite dear from what has been said above, that the 
base of the Chail seriee also marks the poeition of an important 
u ~ ~ n f o m i t y  ; for while in om place tho& r& o v d e  th i  Jagaa 
beds, elsewhere they are seen resting directly on the Blaini. Though- 
out, however, the baael be& of the Chail series remain the same, 
being the elightly puckered grey ph~llites. 

I t  is t,rue t.hat t he~e  phyllitea do not. represent the acfual base of 
t~lle Chail wies ; for we shall show (pp. 91-93) thtat from the hhni 

Actual base of the river westward a lower horizon coma in, 
Cheil series not exposed comisting of slates with Ienbicular bands of 
in thie area limestone. In the area to the north-east of 
Simla, where another outcrop of the Chails occurs quite d i m e  
with the one with which we are now dealmg, thh-hestone ho- 
~BBUIBBB a prominence which it does not powem elsewhere (pp. 1. 
Its absence here may perhaps be amunted for by orighd overlap, 
but in any aase, it does not affect the s~gnment for unconformity 
which ie baaed on the beda which we actually see. 

Jntogh thrnet 
It h l l y  remains to ahow h t  the third 

aemo-ted by the ove~thrwt postulated, tb t  which we have 
d m  out of the Cbail celled the Jutogh t h m t ,  also c-oincidee with a 
series. marked unconformity. 

In Patiala t,he uppermost rocks, namely the Jutogh series, a,ra 
only men st the highest points of the district, by the station of C '  

itaelf, and again about 3 milea further north. 
Chail. The Chail outcrop is the most typical, indud- 

i n g  the carbonaceous h e s t o n e  (361932) and the ' pitted ' rot&. 
The former is well expmd just below and to the west of the tennie 
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courta, ~ n d  again along the cart mad -leading to  the Rlwident's house, 
along the north-east side of hill 7,394. At Bhalawag the limestone 
is not seen, but the ' pitted ' rock occllrs. Thew rocks are not again 
Been until the flanks of the Chor mountain ate reached, appearing 
above the Chail beds a t  Chayal ; and from there south-eastwards 
they are extensively developed as the highest beds surrounding the 
Chor granite. Displaying, as  ha^ 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 n long way to 
the north-east towards Dhanech, these ca&onaceous rocks appear 

always to rest upon the same beda, those which 
Chayal. 

have been taken as the top of tho Chail series ; 
though i t  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 seriea 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 ea~i ly identified. 
Zn 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 thickness is about 300 feet. All along i t  is the upper beds 
of the Chad series that are disappearing. 

Further south the ilctwork of nnEa.s has rather ohsctncti the 
rocks by depositing gravel, but there is evidence to show that the two 

horizons are gradually approaching. The 
Jubal spur. 

maximum transgression is ecen where the spur 
running out nol-th-west from Jubal crosses the main road. Here 
the tuk-schisk~ ( ~ n d  the b01~ndory of the Jutogh series are nduccWy only a 
fm yard8 apart, and arc 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 Rohlan, 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. 
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Beyond Kohlan the two horiLons which r e  hsve bean fglloaiop 
gradukly diverge again On the spur on which W.I-n i~ siturbd. - 

Qhasen epur. 
there is a thi&eu of about GOO feet of rock 
intervening, the same rockg that were pm- 

vioualy eeen in the Chapel Gea. The ground between hwe ;md 
~ o h l a i ,  ia unfortuuately obscured by gravel; but the spur men- 
tioned above rises above the gravels, and thue afford8 wful  Bvidenw. 

Bhalag. 
The greatest thickness of the Chail rooks is 
seen further on by Bhalag, where there n r d  

be a t  l a s t  1,500 feet of rock where there wore only 600 feet a t  G h w n  
and a few feet near Kohlon, evidence which spe&a for itself. Beyond 

S k a - K u f a r  ridge. 
this bhe thicknew again dimiuihes, and on the 
Shanva-Kufar ridge there is probably not rrrore 

than 600 feet above the &lo-mhisbr 
- 

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

We shall now follow these three overthruster eastward, until we 
join the district of Bawar Jaunsar (Chskrata), of which Oldham (1883) 
has giveu tb geological sketch. The evidenc~ on which we rely for 
the correlation of tihe formatiom which occur in the Simle area 
with those in Oldhm's area will thus appear. 

From south of Jubal the Jut.ogh t h u s t  can be approximately 
traced along the base of the precipitous cliffs which form the sun~mif - - 

Jnbal to Rriya Ghat. 
of the &nge which runs above the Giri and 
parallel to it. It crosses the gpur on which 

Blialag is situated about 500 feet below the summit of peak 6,297. 
Here the carbonaceous limestone is well dmplayed at the base of the 
band. The same bed of limatone is seen again just above Kuftu, 
and can be traced almost ~ont~inuously to the col known as Piriye 
Ghat, and beyond along the south side of the 6,792--6,630 spur to the 
stream due west of 5,083. The whole way the limestone band occure 
at  the base of the Jutogh series, and below it comes the Jutagh 
thrust. The limestone along here is leas myshnine t h ~ n  where eeen 
on Jutogh or on k i n  Dhar, and no amphibole is developed in if. 

The Chail and Jawmu thrusts are lese easily t ~ d ,  since to the 
south-east of Thor they evidently Pun rather close to the Giri river, 

South-ea& of Thor. 
aid hence are much obscured by the gravels 
and sub-recent beds of the Giri valley. Both 

thrusts have been followed far as Thor, but on the Ghusan spur only 
the Chi1 thruat was seen 

Before leaving this area we may refer to some interesting etruc- 
turee which are developed in the Blaini beds in the Sheola Khala. 
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bu&-ssst hom Dudhem the Blaini beds are developed nor- 
d y  to within a mile north-west of Badgala. But further on, 

The Bl8iIli treoed to 
between Badgala and Thor, some slates and a 

the ~outb-eat. massive limestone oome in for a short way 
between the Blaini limestone and the ~aunsar  

seriea. The slates are in places carbomceous. Though both of 
these new rocks are comparatively thin, and in places much contorted, 

Pomible repment- it is just possible that they are the Infra-Krol 
stive of the Krol end and Krol, coming in in their normal position 
~ n f r e - ~ r o l .  above the Blaini, while everywhere else along 
tb i~ section they have been cut out. The limestone is best seen M.E. 
of Badgala, where i t  forms some precipitous cliffs. 

The structure to be described is best seen in the Sheola Khala 
where i t  flows south-east of Kallhech. Here, after turning sharply 

Development of the to the west, it cuts its way through :h a G o &  
Blsini in the Sheole gorge, and runs across the strike. By tthe 
river. village of Sandra, south-east of Kanhech, is a 
h e  exposure. of the Blaini Limestone. The prevailing dip here is 
nearly due east, so that the slope below Sandra, eastwards to the stream 
ia a dip slope and is made entirely of the Blaini limestone. An en- 
larged sketch-map is given in fig. 6, as it is impossible to show the 
smaller features of the outcrop on the half-inch map. 

f-1 Blaini 
Limestone 

Rlaini 
Boulder beds 

& Streams 

- ,)-- Faults Scale 3=1 mile ( approx.) 

FIG. A-Plan ehowing geologiml etmotan, nest Ranheoh. 
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This outcrop of the Bleini limestone is underlain by s gobd deve 
lopment of the boulder bed. In  the tributary nab that flow down 
from the 8. W. aide of &tali there is w n  a aman fault, mndng 
N.N.W.-S.S.E., with an upthrow on the north-cast eide. It ie 
not an important fault, and the hado is probably about vertical, baf 
it may be regarded as symptomatic of what is men further west. 
The lirnatone on the upthrow side ie well men forming the long, 
narrow peninsular of bnd  between the two dream. The boulder bed 
is seen immediately beneath it, while on the w a t  side of the tribu- 
tary is the other band of limestone on the down-throw eide. 

Continuing down the mein & after it has turned eharply ts, the 
west, by taking a narrow path in the cliff along the south eide several 

Minor overthrusting 
hundred feet above the stream, we first crow 

iu the Blaini. t;he main bond of the limestone snd thcn 
wme upon a thick developrnent of the boulder 

b,d. The limestone can be s e n  running up the opposite clifIs 
towards Kanhech. Alter proceeding about a quarter of a mile 
from the bend a second band of hest.one is encountered, corning up 
almost vertically from below. I h  counterpart is Been on the opposite 
cliffs, running up t.owards 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 eeen 
beneath the second band of limestone. In  addition, after the two 
b& have apparently joined below Kanhech, they can be eeen con- 
tinuing for a long way as one band, which would be moet 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 spur, reveals that here also 
the two limestone bands come very close together. But i t  is quite 
clear that i t  is the lower band which continues, while the first band 
stops abruptly just before the gap. This is b a t  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 

O -* Sheola Khala 

Fxa. 6.-View (in eeotion) of the om on the southern side of the S h d  rtrrrua About 
4 mile from E-W. 
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bank of the n t h ,  below Kanhech, only there i t  ia not BO clear which 
b ~ n d  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 tho Blaini beds are overlain by some carbonaceow 
slates and a light grey limestone, which were tentatively correlated 
with the Infra-Krol and Krol. And i t  is in keeping with the struc- 
tures developed here, that these rocks, immediately beneath the 
Jaunsar overthrust, are intensely 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 &me structures are developed further north- 

at Badgale. west near Badgala. Unfortunately the geo- 
logy just here has not been completely eluci- 

dated ; only part of a--day was available for examining t he  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 sigdcance 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. 

Fro. 7.-1)iagrammatic esction along the Lareb epur. Distance about 4 miles. 

This ares provides, in fact, a typical example of 'imbricate ' 
structure, so well developed in the North-West Highlands of Scotland, 
beneath the great overthrusts ; and i t  affords a God example of the 
effects of the overthrusting upon the rocks immediately below. 

P d t i o n  of the three We will now return to the eection seen by 
on*- Piriya Ghat. 
Piriye Qhat and bhe 



Below the Jutogh eeriw, which en& just north of the cd, come 
eome very thin-bedded gey aslatee, talcom quartzita and t a k h b b .  
These are obviously the Chail seriee. They give place lunufhwerde 
to a great t;licknw of quartzitee. Between these two wtrJ of bwb 
the Chi1 fault n~ust  run, although it has not actually been traced 
into continuity with that fault in the J u b l  area. Anlongst the 
quartzites on the descent to Kufsr from peak 6440 ere tracm of a 
oonglomerate of q~rsrtz pebbles in a ulaty matrix, which i probably 
the equivalent of the purple conglomerate of the Dudham ridge. 

At Kufar itself there are eome i n h m l y  crushed conglomerate 
beds which are now in the form of talc-schista or phyllites of a dlvery 
purple colour and with the quartz pebblee somewhat lenticular in 
shape (361986). Below these comes a great thickness of schistost: 
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 TOO feet above the Giri river. 
Here is evidently tho position of the J a u m r  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 Msngan and Ladib, which has not beem seen. 
Kevertheless, it will be apparent horn the description of the beda 
given above, that there is a very close resemblance between these beds 
by Kufar, and the Jagaa (Jaunsar) rocke further north-wat.. Moreover, 
they are on the direct strike of fhose rocks where they were l& seen, 
and they are overlain by the Chail series and underlain by the 
Blaini beds. If this correlation be correct, then we map say that 
the Jagas ~eriea are certainly the equivalents of Oldham'e Jrsnmrir 
series ; for from now on they hare been traced more or less conti- 
nuously to the Bhangal valley, which Oldham visited and briefly 
mentioned in his paper of 1888, and where typical Jauasar beds are 
seen (see p. 37). 

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

Reesons for the rence of Infra-Krol and Krol near the Sheola 
general abeence of Khala (pago 26), while t.he Chail be& are the 
higher horizons than llighest horizon met with agaimt the Jntogb 
the Blaini in the sec- 
tions eo far described. fault. It is impossible for us to atate whether 

the absence of the newer beds is due to the 
intensity of the thrust which has raised these bsh far above 

E 
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the level of denudation, or whether t,he folds are as s whole not 
very deeply buried. Possibly both factors have played o 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 occms on 
approximtely 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 Criri, and we have reason to believe that 
along the Pelor river from its confluence with the Giri up to the village 
of Tikclri much the same st.ructures 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 tllick bed of purplish congloillerate 
Ssction on the Palor 

river. dipping north-east forms the south-west bank, 
while further up the river, below Ghutrog, 

aro massive q~artzit~es. Below this point for a little way the river 
itself offered insuzperable obsbacles 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 darlc grey 
t o  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 i t  joins thc Giri, where they have ,z 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 merncjlr, ~nentions an outcrop of Rlaini a t  the confluence 
of the Palor and Giririvers, and refers to i t  as occurring a t  the bass of 
a normal Krol-Infra-Ihol succession above the Giri to the south-west. 
Owing to the depth of water we were unable to cross the Giri here ; 
but a lock looking very like the Blaini limestone was seen on the sout1~- 
west bank above the river, and was no doubt the Blaini referred to  
by Bledlicott. 

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

Our interpretation of this section ie embodied in figure 4 of Platto I, 
but tho evidence on which it is based will be more conveniently 
considered later (p. 34). 
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From thb point ping eadaerd a certain ohange taka p h  
which hrre been noticed by Medlicott, but which he hae in our opinion 

Change in the 
failed to interpret succemfilly. On page 44 

cherscter of ~e o u t  of his memoir he says " Prom the rnj- of 
4FOpa-t of the Palor the P&r a d  the G R  the hiUa on tAe kfi of 
nver. the Giri are camped of the Krol and Infrw 
Krol roch instead of e d d v e l y  the gred InfmBlaiai (Sid) &. 
The Blaini mnghrQte  is found high ma t l ~  summila over M u  and 
Shengri; more to the e a t  i t 2  th saw Zirre il i a  nset wiCh in the gorge 
mrth of &du and ire the gap between Oerwni ard Juin. Pram 
She@ to the Obng peuk the section is  wrgl similar lo that between Iik~ 
and Tara Devi; schistose s k ,  graphitic, micaceow or qwrtzose, 
alternate, with u va+ low northerly dip." There is no doubt whet- 

The Eirol Limeetone 
ever that the uppermost 1,000 feet of the peaks 

of soat ~ i l ~  6756 and 6960 consist of the Krol limestom 
in its most typical form. Even the red shale 

bed oocurs between the upper and lower limmtone. Numerous etep 
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 limest80ne passes d ~ w n  into Infra-Krol be& and that 
below them comes the Blaini. On the northern side of peak 6766 
the Icrol limestone is overlain by pale-colourd elates, in one place 
oar.bonaceous, and micaceous, sc-histme beds, which appear to re- 
present the Infra-Krol though they are by no means typical. These 
b e d  are succeeded still further north by two thin outcrops of the 

Blaini conglomerate and limestone, between 
The Bleini outcrop 

around 6ost Hill. which beds somewhat eimilar in character to 
those in cont,act with the G o 1  occur. The 

ropetition of the Blsjni must be due to 8 minor reversed fault. 
Traced below the road, the upper band of Blaini is at first somewhat 
discontinuous, but later becomee emier to  follow, eventually crossing 
the top of hill 5738. It ie here seen to have an E. 8. E. dip, while 
the Infra-Krol rocks close by dip to the N.N.W. The r w o n  be- 
oonles apparent when one t r a m  the Blaini beds down the eouth- 
west side of the hill, when they are seen to turn right over and assume 
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o m  more their northerly dip. We are evidently dealing with a local 
fold, the actual structure being shown in figure 8. 

The Blaini now runs down below Sangrah, nearly to  Tikari, 
where, however, there is a sharp overfold and the outcrop turns 
right back for tl, little ~ a y .  This kind of thing now ha.ppem for 
some way,-sharp overturned folds, though, owing to lack of time 
the outcrop could not be followed the whole way. The lowest point 
i t  reaches is where the road from Lagnu to Tikari crosses the stream. 
Rotn here i t  can be followed to where i t  cuts the Bpur by Paura, 
aud 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 i t  was not followed. 

I t  will thus be seen that these Blaini beds have bent right round. 
Always they have the lnfrn-Krol slat,es on top of them (st,ratiga- 
phically) and various rneinbers of the Jaunsar series below t.henl. 
\$'hereas by Madoli the whole succession was inverted-the Blaini 
above the Infra-Krol, and the lattcr above the Krol-, a t  Rerli the 
right order is eeen 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 nu~uber of smaller folds, and is nlorc 
properly a synclinorium, as represented in Plate I, figure 4. 

Returning to the outcrop on the Rladoli-Ludihana road, the 
Bliiini bede r e  overlain by light brown yhyllitrs succeeded by grey 

slates and massi\~e white quartzites. Vein 
Jaunmr hda on the 

Soat-Olong road. quartz in abundance is present and lithological- 
ly the beds are quite similar to those seen on 

tlhe Palor and thcir correlation with t,he Jaumar series d0c.s not seeu 
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doubtful. Their outcrop exten& as far ae peak 6306, and we eee 
no reason why they should not represent the north-essfenr limb 04 

the overturned svnclino mentioned above, the 
Gynolind struoturo of 

tho B o ~ t i o ~  on the WUence of the bed8 being of mume i n v d  
rJalor and tho 8-b- ~ h b  Ja-r outcrop on the Palm will then be 
Olong road. 

a simihr overturned syncline, the only 
difference between tho Palor end k t  ssctione beirq that the beds 
which occupy the oore of the eyncline in the former !r do not r d  
a higher horizon than the Jaunsar, while in the Irrtter they incleab 
not only Blaini but aleo Tnfra-Krol and Krol, uaconfonnably d e  
posited on the Jaunsars. Ths difference is aeily accounted for by 
the denudation of a fold pitching strongly to the mnth-wt. 

The boundary between the Jaunser syncline and the simla data 
on the Palor river is obviously the trace of a thrust plane, probablg 

Tho Jannsar thnlst 
that of the J a w r  thrust. In order that 

on the Palor. the parallel between this and the Dudham 
wction should be complete we shodd have 8Xl 

outcrop of B k n i  between the Jaunsars and the Sirnla eeries. lire 
saw, however, no evidence of this on the Palor. if we except a bloc& 
of Blaini conglomerate not in situ, which may after all have falien 
from the Blaini outcrops on the high ground to the eeat of the river. 
In any case the cutting out of the Blaini apinst the thrust would 
not be an unusual phenomenon in the circumstances. 

If the outcrop of the Simla alates on the Palor ie an anticline, 
the south-western limb of the f d d  is complete, since it inclndaa the 

Dhppeermce of tba 
Blaini outcrop mentioned bv Medlicott on the 

Qiri t h m .  Giri and the amending sequence through the 
I&-Krol to the loft? ~ r o l  peaks i n  the 

right side of the Giri. 
It is evident that in this caae there i~ no room for the Giri t- 

(see page 13) which must have been entirely overbpped by the 
Jaumar thrust. The stages leading to this overlap would possibly 
be found in the oountry between the Pttlor and t.hc Kawal rivere 
which we have had no opportunity to examine. Plate X, tigum 4 
ahom the structure $R we underetand it. 

The remaining part of the aection between hat  and 010% peake 
is far more difficult to understland. The Jaunrsar outcrop is succeeded 

The ChAil eeries on 
ta the north-east of peak 6306 by e seriea of 

the soat-010ng mad. cteam..coloured falcose quarhika and sch* 
of an extremely powdery collffietenoy. That 
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thm belong to the Chail Beries is suggested by our recognition of the 
typical talc-schist of the Chaila on tho spur just west of Tirmalgn, 
to the north-west of the Madoli-010% road. The latter has not, 
however, been traced into continuity with the beds which we are 
now cwnsidsring. Above Ludihana the powdery quartz schists are 
overlain by a series of dark slates (37/10), obviously the same as the 
~imilar 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 carbonaceons, but not invariably so. They form 
the upper portion of 010% 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. 

Prom their position one would infer that the dark slates and the 
powdery schists are Chail beda 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 
phyllitea, which are equally unlike the dark slates now in question, 
underlie the talc-quartz schists. I n  a later portion of this paper, 
however, (pp. 91-93) a still lower horizon of the Chails will be des- 
cribed consisting of darrk grey cleavage dates 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- 
oast of Simla. Apart horn the absence of limestone these slates of 
010% 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 tfhe puckered phyllites in that area. 
Since the dark slates arc not found between the powdery schi~t~s 
and the Jaullsars on peak 6306, wo must 6UprOS0 that the Chail out- 
crop representas an overturned syncline of which the aout'h-western 
limb has lugely 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 espresaed, 



but wo are far from claiming th t  our interpretation of the structure 
hm been satiefacto~dy demomtxsted awl between Olonp, and p& 
6306 it must be regarded as provisionrrl. 

The occurrence of typicel Krol limestone at the top of a damnd- 
ing sequence through I&-Krol and Blaini into a metamorphosed 

- 

M.edlicott'e cormls- 
strim of rock0 (Jaunsara) undoubtedly kypat. 

tiad of the Olon9 h e -  the authors' main kypothe8i8, which it h the 
8h.e with Kml object of this pspei-to eetrbhh. The eria- 
untonelle. 

tence of the still more m e ~ o r p h ~  e e r k  
apparently superposed on the sequence referred to, p i n h  very 
clearly to the metamorphoeed rock8 being older than the Krol and 
having been brought into their present position by two thruste, the 
Chail and Jutogh thrusts respectively. The sudden replecemeut of 
the typical clear blue Krol lirne&ne by cruahed, often o a r k o m n s  
limestone, which Medlicott rnuppoees to have taken place (p. 44), 
is here rendered even more improbable than at Sirnls. 

This great outcrop of Krol limestone can be followed conti- 
nuously &stward to Gum8 peak. Here although much of the lime 

Krol l i m e s t o n e  
stone ie of the usual Krol type, it ier mixed with 

traoed eaetward s very sandy variety in which the mnd g~aina 
stand out distinctly on the weathered surfaw~. 

This sandy facies of the Krol is particularly inferating, becaw 
limestone of an identical type occurs both on the top of Juin Hill as 
well as farther to the east ecrose the Tons river, 6 miles 8.E. of 
Chakata hill-station on the Mnereoorie road (p. 49). It b, therefore, 
valumble aa evidence for our correlation of the latter outcrops with 
the Krol. 

The sections further & on the line of the Jauusar thruat, men 
between Juin and h a t  p d m ,  exactly reproduce that which hae 
been described in the latter locality. East of T k ,  the spur 
on the north side of the Tikar-ka-Khals ie formed of the 
h l  limestone dipping north. In  the tributary raab, immediately 
east of and below Tihr ,  this Krol limestone ia wen to be overlain 
by a rather thin development of the Infra-Krol slete~, while over- 
lying them comes the Bkini. This comists of the he s tone  below, 
rather thin, with a much crushed boulder bed above. These are 
succeeded by a tIhb bed of schietom phylliteq foblowed by the main 
Jaunsar quartzites. The dip is northerly. 

Now one mile further east, on the ridge by the upper hut d e d  
[Jgrech the same sgotiou i~ wen, only here the 13lein.i beds have been 



entirely cut out, and the Jaunsar seriea are seen resting directly on the 
Infra-Krol. -4 similar section is seen on Pulilani Dhar, a little further 
*st. Each occurrence eerves to  oonfirm more strongly the magnitude 
of the unconformitg before the depoaition 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 meam Pulilsni Ghat, then it must be said that careful 
search 011 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 
micnceous phyllites, with much vein quartz, and is folded in wit11 it 
atl 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 

Section on Juin Hill. 
ground. These beds, with a northerly dip, 
overlie the Krol limestone which forms hill 

8493, Juin HilI. They are themselves overlain on the north by the 
Blaini beds, which are twice seen cutting the road. Here, however, 
the Blnini 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 wit'h any degree of certainty the lines taken 

Direction nf the three by 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 
~ i d e  of the Bhangal valley. The occurrence of the talc-schist a t  
Lana, as indicated by a specimen of Oldharns, givea us a hint as to  its 
posit'ion. The uppermost overthrust., that a t  the base of the Jutoghe, 
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 i~ to  the west on both sides of the ridge which runs 
approximately north and south from Chandpur, its highest point,. 

However the structure ie by no means simple and there is un- 
doubtedly frequent isoclinal folding. I n  reality n geological ]nap 
of this hand would be Bxtraordimrily complicated, since our obaer- 



vatione show that not only d m  the Kroi Jim&- rest u w n -  
fonrrably on the Jaunmrs, se we have already mentioned, but m a lo  
dom the Blaini and poeraibly patchea of Birnh data RH well. Between 
Juin Hill ($493) and the Bhangal river we have found no 1- than 
three outcrop8 of Bkini limsrstone, acconipanied by tdate~ which are 
probably also Blaini, though they are not invariably pebbly, 

At Chandpur the Bkini ie clearly unconformable on the Jaururar 
series. Here a step fault with a throw of Borne 200 feet ham d i q k d  

Blaini unconform- two identical aect,ions whch &ow an ulacoxt- 
able on the Jau-m formable pawge from typical ruicctcmus phyl- 
at Chandpur. l i b ,  with abundant vein quartz, of the Jaunear 
*ries up into datca without pebbles. These slates gradmlly 
become more pebbly and finally pass into the rt~wt typical Blaini 
conglomerate, while the topmost bed8 are clem, pale pink Bhini 
lirncstone. The total thicknem of Blaini here is about ,500 feet. 

The Chandpur ridge descends steeply, in most cases precipitously, 
to the Tona river and everywhere is expoeed what has all the agpar- 

De3cending aection in 
ance of a regularly descending sequence. W'e 

the Jaunsara from the have already mentioned that the h l g h d  bedm 
C h a n d ~ u ~  ridge to the of this series exposed at  Chndpur are mice- 
Tona river. ceoue phyllites with rein qmrtz which have 
every appearance of identity with the purple phyllitw of Jagas and 
the Dudham ridge and are thus high up in the Jaunsar aerie* though 
probably not the highest horizon of all. These rest upon a greet 
thickness of quartzites of purple, green and grey tints. Here and 
there in this series, but always in their upper portion ~IB a conglornerake 
composed of rounded pebbles of q w t e  of about< the size of a hen's 
Gg. Reference is made to this bed elsewhere (p. 15). These quart- 
zites are underlain by a great thickness of grey slate6 with vein 
quartz and showing evidence of planes of bedding which do not 
coincide with the planes of cleavage. The section has been be& 
observed between Sblai and the Tons, where Oldham (1887, p. 158) 
has also partlidy described it. We have also seen its upper part 
farther north in a descent of the cliffs N.K. of Chandpur. 

In  the former, a t  the village of Banm, the slates rest, on about 300 
feet of a blue limestlone, in pkces earthy, in othcrs yellow often finely 

Laupposed Chuil lime- 
banded, and showing a i p  of having been severely 

stone at  the haw the crushed, with the fine bands often contorted 
J a n w r  meetion a t  (36/731). The contortion of the bands, induced by 
Ban%. crwhing probably when in a pl1~8t.i~ condition, 
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give i t  an unnlistakeable affinity to  a limestone which has been found 
above the Nauti river north-east of S i ~ ~ l l a  uud between Fagu and 
Theog. This is described on page 114, and its correltbtion with s 
eimilar limestone a t  the base of the Chail series north and south of 
Sairi seems almost certain. Although the minute folds give it eome 
reseniblance to  the Jutogh limestone, yet its non-carbonaceous 
character, the absence of secondary nlinerals, and its generally less 
metamorphosed condition preclude any real relationship. I ts  rescm- 
blance to a band of limestone which crops out 3 miles S.E. of Chakrata 
on the Mussoorie road (see p. 47) is very marked. It is pos- 
sible that some of the slates which overlie tthe 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 a t  the base of the Jaunsar 
aeries " if indeed it do not behng to a daflerent system altogether " 
(Oldham, 1887, p. 158 ; 1888, p. 131). It is intereating 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 straigktforward, but that older beds have been thrust 
over newer ones so as to  give the appearance of a confornlable succes- 
eion. 

The cruahed limestone rest's on a series of beds which though 
greatly disturbed present an altogether newer and less altered 

Lppoeed Chail lime- appearance than the beds abich apparently 
stone thrust over newer overlie them. These are lmrple and dark-grey 
beds,-Maudhali seriee. gritty sandstones, which are so unaltered that 
they might al~llost be mistaken for Dagshais (361720). Interbedded 
are shales full of mica flakes ; a characteristic purple shale occurs 
frequently at  different levels, and is a clear evidence of folding. 
Beds iu the At a still lower level and forming cliffs along 

oorrelatad wit11 the the Tons river are dark-grey slates which are 
8imla series. very similar to  tihe 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 charac,ter 
to the crushed limestone i~ tbe hills on the right of tbe Tom and 
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approximates to the Krol. Thie limeehne will form %be subject of 
eomo further remarke on page 50. 

A similar section is wen further north down the Naihna-ghsrlcrrn 
epur. Typical Jaunr~ar beds are met with along the top of tho ridge 

hotion down tho 
to Naihna, including the =me much cnmhed 

Neihns-l(hrrb spur. purple ~0ngl0mf3reh that 04xI.Ira at Kufsr. 
The dip along here is wuth-wwt. On deecend- 

ing the ~ p u r  to the eaat, the finely banded crushed Lime~tone of 
B a r n  ie seen between Sakhaoli and Thumari (36/984), reeting 
apparently upon a bed of clear blue limedone, rather resembling 
the Krol. Below Thumari there is a sudden change to the much 
newer rocks, mostly brown and bright-red mndy shales, generally 
nearly vertical, striking N.\V.-S.E., and eo in striking contra& to 
the gentle dip of a1r the rwka above. Further down, at  Kharkan, 
the dip of these newer rocks iu much lower. At about 4,400 feet, 
along the road to Mime, these rocb  are seen resting on the DBoban 
limwtone, which is seen for the rest of the way down tu the 
Tons. 

Apparently theae purple and grey grits and ahalas belong to 
Oldham's Mandhali series, aa we have found similar beds elsewhere 

Mandhali serios. 
which Oldhanl has mapped as Manh l i .  He 
has indeed coloured this very patch on the 

Tons aa Mandhali (1883, map). 

Very few conclusions can be drawn with certainty from the 
mattered observetione on the area west of the Tone going towarda the 

Section further north 
Chor. Oldham (1887, p. 158 ; 1888; p. 137) hss 

the heed of tho Sainj described a section on the eaetern flank of the Chor 
river dwcribed mountain a t  the head of the b i n j  river in which 
Oldham. 

t l ~  Mavdhdi or Blaini rest3 w ~ c o p l f d y  m a 
ntassive limesto.ne simihr in charader to the Deobcsfi, f ~ q t r a ~ n b  01 which 
they contain, and ~imkrlies, apparently wdh pet$& con fomzaty &ck 
carboraaceoers sltstes, ?chkh ngai?z ~rnderlie a g r a  thkckncss of ~ r i -  
z d a  and 8chbls undktiy~ii~hable from. the Bokkaugamj quartzites of 
Siwda. Medlicott (1864, p. 43) refers to a eection also near the head 

Seotion at Balnk de- 
of the Slrinj blow Baluk (evidently Bhalu of 

ecribod by Medlicott. the 1" map), in which the dark, carbonamus 
d a t a  and limestone r a t  on the Deoban lime 

stlone. Of c o r n  both Medlicott and Oldham regard the carbona- 
oeous beds at3 InfreKrol, but, aa we have produced evidence to show, 



this correlation is untenable, and we are dealing with the Jutogh or 
oldest series of the area. The Bleini conglomerate and an aseociated 

pink limestone were also identified by McMahon 
&tion the Sh.11~ (1877, p. 210) in tohe bed of the ~ha l lu  river 

river deacribcd 
~ o ~ a h o n .  by where the Simla-Chahta road meets i t  east 

of Chepal. He also mentions that it is overlain 
by bkck Infra-Go1 slates, from which it would appear that the 
Jutogh thrust rum through this point. 

That the junction between the crushed limestone of B a r n  and 
the purple a id  grey grits and shales marks the trace of a thrust 

- - - - 

The Bensa fault fa& is certain. That it is one of the throe 
possibly identical with main thrusts described above is much more 
the Jaunsar timuj's open to doubt. On the supposition that i t  is 
one of these, then it can only be the Jaunsar fhrust. Its northerly 
or north-westerly direction is in accord with that shown to be follow- 
ed by the ~u togh  thrust, so that if future mapping of the intervening 
area shonld prove that it links up with the thrust trace on the Palor, 
the last position in which the Jaunssr 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 Jraumsar fault is the Jtbunsa, but if the conjecture made 

above prove correct, then a lower horizon in 
Older be& exposed at 

the base of the Jaun- fact the lowest stage of the Chails comes in, 
J ~ J  in the neighbour- for between Bansa and the Chandpur ridge we 
hood of the Tons. 

undoubtedly have s descending section from 
the Blaini through the Jaunmrs 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 t,hrust planes 
northward must equally be left, for future mapping to determine. 

V1.-THE CHAKRATA AREA. 

When we cross to the east of the Tons river, we we in the Chak- 
rata districtl, 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 Jags series of the Chor and Simle areas with Oldham's 
J a u ~ e ,  but also became certain of the rocks and sections which 



we saw exhibit a pardel to  tho& of the area with which thb 
paper deaL d throw eorue light on the condation of and tb r& 
tiom between many of the rock group of the latter regioa 

First as to Oldham'e Jaunsur soriw:-The viewe a r p r d  by 
that author in his later papere drffer from those stygested to bim 

The Jaumr series. 
by his- earlier eramirution of - the  C'Jdrrnts 
rocks, particulsrmly regarding the eequonce of 

the conetituent partiom of the Jrrlln~sr wia. Hie final cod* 
~ e e m  to have been published in 184% (p. 131) ; hero the J ~ u n u r  
eeries ie classified into three divbions :- 

(1) The low& coneitsting of a great thickness of grey e k  
containing towards their upper limit a band of blue 
limestone some 300 feet thick ; he hintg st the goseibi- 
lity thet these may not belong to the J a m  eeriere 
a t  all ; 

(2) A middle division of red quartzites and slates ; 

(3) An upper division of traps and volcanic asha. 

It is with the second of these three divisions that we correlate 
the rocks to  which we originally gave the name of the Jag= series, 

Correlation of the and which we have recognized continuously 
Jw with One from the Ximb area right into Chahata. A* diviaion only of 
Oldham's o sun am sociated with the quartzites are the highly 
seriea. characteristic conglomerates, which Oldham 
does not mention specijically in the passage quoted above, but which 
undoubtedly occur in his Jaunsar seriev as exposed between the 
Ch~ndpw 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 diviaion of 
division as seen at Banaa is identical with 

Olaam'e jlLunaars that which occurs in the Simla area and be- 
r;$b$t2tz g : ~  longs ta the lowest horizon of the Chail series 

so far recognized by us. In the Bansrr section 
thme are no underlying slates, the limeeione being thrust over l u u d  
newer beds. UTe have not in fact come across elatee in this poait.ion, 
either in the Chahcsta or the Tons area, so that we can exprese no 
opinion as to  whether they do or do not correspond to the cleavage 
grey slates which are mociated with the Chi1 limestones in the 



mantry to  the east and north-east of Simla (we page 114) ; tho 
euggestion i~ a t  any rate a plausible one. 

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

~h~ vol-c beds of adequat,e knowledge of the eastern part of 
0 1 ~ ~ ' s  J a u n  this area, we cannot offer an  entirely satisfac- 
mnea. tory solution. We have nowhere found any 
beds of this declcription in association with the quartzites and phyl- 
litas of the Jaunsar series as exposed between Simla and the 
Tom river. We have been equally unsuccessful in finding any 
volcanic rocks amongst the specimens collect,ed by Oldham from 
the Chakrata and Bhangal areas, which have remained stored in the 
mueeum in Calcutta. Those labelled as " trap rock " or " ash " 
appear when examined in thin sections under the microscope either 
to  contain no volcallic 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 resyectivcly 
in the Bhangal valley might be more appropriately described as 
quartxitic grit. No. 6,875 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, y. 157) of '' a speci- 
men preserved in the Imperial Museum in Calcutha, where portions 
of two distinct lava flows are seen to  include between them a st,ring 
of well-rounded water worn pebbles. . . . . . . of vein 
quartz ". This is obviously a portion of a conglo~neratic band out 
of the Jaunsus, 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, i t  is 
permissible to  doubt whether the specimen before us is one and the 
aame as that one. 

On the same page on which Oldham's description just quoted 
occurs, mention is made of another c~orlglonlerat,~ fro111 Lana, " con- 

Supposed glacial con- sisting of rounded waterworn boulders of quart- 
glomerate of tho zite embedded in a fine grained red-coloured 
~auunears. schist.ose matrix." This Oldham considers to  be 

of origin and assigns i t  to  the Jaunsar series. A specimen 
now in the Museum, No. 6,877 labelled " matrix of conglomerate ; 
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near Lana " may repewnt the eahistose portion of the outcrop 
described in tho pamge quoted. h u m i n g  that it is really the 
rock to  which Oldham refere, wo cannot of couree offer any 
conlments on the suggestion that it is glacial, but the m m b l a ~  
of the schist to the characterietic talc-quartz-* of the Cb& 
b eo close that we can hardly doubt their identity. In that 
caee the outcrop at  Lam repregents a portion of the C'hail 
series thrust over Jaunsars. The snme explanation will apply to 
No, 6,875 and othor specimens, apparently w i p e d  by Oldhrrm 
to the upper division of the J a u m r  series, but which agree 
better with rocks belonging to the Chail series. 

Rocks of a doleritic tdpe are undoubtedly intruBvc in both the 
Jaunsar and Chail series in the Chakrata area, judging both from 

Oldham's ~pecimem and from our own field 
Intrusive dolcrites. observationcr. We have elsewhere (p. 127) corn- 

meuted on the rese~nblance of thew to dyke-rocks in the arm north- 
east and east of Simla. 

On the whole we cannot regaxd it as Likely that any comiderable 
portion of the rocks of the Chalcrata area outaide of Oldham'a nliddle 

RestriclioIl of the divi~jion of the J a u m r  wries really belongs 
name Jaullanr eerie6 to that series. If 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 @ble exis- 
tence of volcanic beds in a higher horizon of the Jaunaare as still 
sub judice, it does not vitiate the nomenclature of " Jaumar " for 
the Jagaa be& which we have adopted throughout tthie paper. 

We m y  next summarize the facta at our disposal relating to the 
Maudhali series. Oldham has described these (1888, p. 136), " as 

mns&sting of guortzi(es, s b s ,  li&hncs, con 
Tho Mandhali aeriea g h a t e s  artd boulder beds in the mt rm- 

proportions ". Elsewhere (1883, p. 296) ho remarks that " in South- 
ern Jarlnsar [Chakrata] the majority of the WF arc no! conylomratic crt 
dl " ; in northern Chakrafir, where conglo~nerates are most abund- 
ant, they rest unconformably on the Deoban limestone and contain 
numerous fragnlenta of that wries. Oldham &ally decided that 
the Mandhalis were identical with the Blaini (1887, p. 137). Regard. 

Poesibly repreeent ing, as we do, the Blaini and Inba-Krol aa one 
both the Bleini m d  the series of which the Blaini proper at the 
Intm~ml. outside 600 feet thick and gemrally much leas, 
it aeems to us more reasonable that t-he upper part of the Mandhalis 
should be correlated with the Ida-KroL 
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The faot that the Mandhalis on the Tons rest on a series of slates 
which are indistinguishable from the Sirnla dates tends to  confirm 

Oldham's correlation of a t  any rate their lower 
Character of the 

~ ~ ~ h l h  diflers in part with the Blaini. We failed, however, t o  
the north and south of find much resemblance between the Mandhali 
the Chkrata disttict. 

outcrops mapped by Oldham in t,he southeru 
half of the (2hnhctt.a district, and those of the type area further 
north. I n  the latter, in the Dhara Gad, just below Pateuri, there 
is rs good outcrop of these beds, showing a bed of cream limestone 
(361731) resting on a boulder bed (36/727), the former greatly resesl- 
bling the Blaini limestone. But we found no such beds further 
south. The general character of the Nandhali 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 
raiaes 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 
Kwnnu. Further, we may say that our observations in the northern 
part of the district entirely confirm Oldham's opinion thatq . - the 
Mandhalis rest unconformably on the Deoban limestone. 

UTe have been tempted, as Oldham wa.s a t  first, to  correlate the 
Ileoban limestone with the f i o l ,  with which i t  has many characters 

in common. The fact that the Mandhali (Blai- 
The Deoban limestone. 

ni) boulder bed where i t  is in contact with the 
Deoban seems t.0 contain pebbles of it, must, however, put t.his 
correlation out of the question. Moreover the prevalelice of thin 
shale bands interbedded with the limestone is a character which the 
Krol does not possess. Neither are the pseudo-orga.nic 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 t'he Chakrata ridge into - 
the Tons, everything seems to point to the Deoban overlying R, series 
of quartzites which cannot be anything but Jaunsur. There is 
probably a slight fault, as Oldham has concluded, but thc displace- 
ment is not likely to be gent .  We arrive, therefore, a t  the conclu- 
sion that the Deoban limestone is intermediate in a,ge between the - 
Blaini and t>he Jaunsars. The only series wit,h which we are ncquaint- 
ed, that occupies this position is the Simla slates. I n  the type 
~ h o  Deoben limo- area of the Simla slates north of Sinlla on 

 tone pos~ibly to be the Naldera ridge a clea,r blue limestone occurs 
correlated with the Nddere and Kaka.rhstti in lenticletj of about 100 feet in t,hickness, 
~irnwtonee of the interbedded with tho Simla slates and proh- 
S i d a  aeries. ably near their bsae. This limestone is de- 
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scribed in greater detail on page 113 ; it contains yseudeorganic 
structures. Wa have little doubt of the identity of thie bed with 8 

limestone which Medlicott (1864, pp. 6.4, 65) bas recorded o few milea 
north of Subathu ; this is known ~e the Kahrhatti  limestone ; the 
senior authm hss followed i t  continuouely as far IM Erki. It is 
beyond a doubt interbedded with the Simla slate8 and it in 
cbaracterised by ~eeudoorganic structures. I t  is conceivable that 
these two limestones may be cmeleted with the Deoban. The 
pseudo-organic structures in them are, however, different from 
those which are found in the Deoban limestone, and litholo$aally 
they are dissimilar. The great dillerenee in the thickness of the 
limestone in the two cases is perhaps of lesa importance. 

It is more tempting to correlate the Deobsn wit.h the gat Shrrli 
limestone (page 120). The age of this ie, however, equally ULMXT- 

tain, though there is a poesibilit,y that it rnay 
Or pith the be slightly later than the SLnlP dates. Lithe limedone. 

logically, however, there is even lesa resem- 
blance between the Shali and the Deoban linlestoneu than there is 
between the latter and the Naldera limestone. 

We have unfortunately no evidence that the Deoban limestone 
is in cont,act with the Simla slate series. The dark-grey slates on 

No evidence that the 
the Tons which we have correlated- with that 

 ban limee- is in series do indeed underlie a mll outcrop of 
~ ~ n t - m t  with the 8 a . s  limestone, which on the northern side % in 
elates. 

contact with Mandhalis. There is, however, no 
certainty that this limestone ie Deoban, since there is a t  least an 
equal chance that it ]nay be an outcrop of Krol reeting ucon- 
formably on the Sirnlit elates. Other outcrops of thie limestone 
are found on tohe -me strike to the eaat of the Tom, but the 
section is too folded and complicated for a a l e  traverse to clear 
up the structure successfully. The lon-est beds seen are Jaumar 

Jaunsar quarteites quartlzites which, as we have already men- 
owat of Chakrafe tioned, crop out on the whole of the hillRide 
ststion. between the Dieau-Haju ridge and the h t i a r  ; 
e narrow band of than occupies an anticlinal fold a t  Gubah. But 
from tho fact that this limestone is in contact, sometime& witb 
the Jaunsar quartzites, sometimes wit'h the Mandhali grits, 
eometimes with splintery &alee, we rue rather more inclined to 
think that these outlying potches are not Deoban but Hrol. 



Although t.he Jaunsar quartzites are exposed in the valleys west 
of Ch8kratn, yet they are not found in Chakrata itself. Throughout 

the whole length of the ridge on which the 
The rocks of C ~ ~ k r a t a  station is built from the foot of Deoban Hill 

etatjon. 
down to the toll bar a t  Kailana there are 

elates exposed. These are quite unaltered and preseut quite a 
different appearance to  the older series which we know as Jaunsar. 
It is possible that these belong to  the Silllla series. Originally 
Oldham (1883, p. 193) included these unaltered slates in his Jaunsar 
series. U'het'her 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 S. that on the east of the Tons is aliliost E. and IT. It seems, 

of the however, to be bending round to N.?V.-S.E. ; 
strike in the Chakrata this being the strike of all the rocks seen in 
area, the southern part of Chakrata and in the hills 
eouth of Kailana on the Mussoorie road. Wla t  niay 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 seen1 

biection the to have a generally descending section from 
Chskmta-3ius 8 0 0 r i e the fault on the west bank of the Tons a t  
mad. Bansa, where the crushed limestone is exposed. 
This seetioil seelug to be extraordinarily complicated by unconforrfi- 
ities and overlap. IJinlestones which we have no hesitation in 
regarding i16 Krol rest on the Mandhalis and also on altered beds 
which can only be *Jaunaars. I t  is, however, worth devoti~rg some 
space to a description of a section which was seen on the road from 
Chakrata to Mussoorie. which seenrs to throw sonle light on the 
relation of the Chail to the Jaunsar scries. 

The rocks throughout Chakrata and Icailana as far us the toll 
bnr are mainly steeply dipping dark-grey slates. with occasional 
purplish, sandy or shaly beds, which are evidently folded repeatedly. 
Most of thein resemble the Simla slates, with, perhaps, infolded 
bands of lfandhali. At the toll bar we pass into older-looking 
slaty beds, with vein quartz which we correlate with the J ~ u n s a r  
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 
7158 quartzites crop out with a N.E. dip, and the out,crop continues 
for some distance along the road. They are both of a granular as 
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well aa a non-granular type. They overlie a &a of much d b  
torted grey a l a h ,  with very numeroue blackened jointe, containing 
frequent interbeddad ban& of quartzite and quarte-schist. I n  their 
lower portion they h o m e  very echietosc and micamom and 
oontain abundant vein quartz. Thcy are markedly differant 
from any of the rocks Men in the sfation of Chekrat61, end 
we are inclined to assign them to the lower part of the Jaunsar 
series. On the co1 between peaks 6925 and 6668, a b u t  half way 
between miles 33 and 34, there is au open anticlinal fold ; the beds 
on the col represent the Gore of the anticline, and,' tborefore, are 
obviously older than the quartzite slate aerim which hae just k n  
described, and newer than a aeries of quartzite~i which are c x p d  
in the deep valleys on either side of the col. The rocks on the c d  

Supposed Chail lime- 
are easily distinguished from those above and 

stone b-th the below them by the faat that they consist of 
J~~~~ m t h  of a bed of blue, banded limestone, very much 
chakrsta. 

crushed and semi-crystalline in places and dia- 
playing minute foldinge. In the latter character this limeatone 
shows some similarity t o  the linlestone 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 identifiwtion is men- 
tioned in the Annual Report of the Geological Survey of India 
for 1926 (Ree. Ged. *Sv~m. Ivd.,. LX, p. 32). It is however 
distinguished by being less altered and not carbomceous. It 
seems to be identical with the limestone at Barn on the west 
bank of the Tons, which underlies the J a u m r  slates and 
quartzites (page 37) and, as we have remarked above, i t  =ems 
probable that in both casa the hlestone is to be carrelated with 
the Chail lilnestoue. About 100 feet of thie limestone is expaeed 

on the col ; it dips about 30" to the S.W. and 
Under'ain by quart is overlain by calcareous slaty phyllitee which z i h .  

are occasio~lltlly carbonaceous. As 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 

~ ~ ~ ~ ~ f ~ ~ i ~ ~  be- the Jaunsar slate series ; no trace of them is, 
tween the lim&a mid hurever, seen, the junction between tho Iowa 
the  Jaunsc~m. quaPteita and the Jau- alates being per- 



48 P~LQRIM & WEST: STRUCTURE OE' GIMLA ROCKB. 

f d y  dear. We cannot avoid drawing from their absence tho 
inference that the Jsumar slates rest unconforlnably on an older 
eeries, which was partially cleuuded before the deposition of the 
later b d .  This lends additional support to our identification of 
the limestone as the Chail series, since it is evidently entirely distinct 
from the Jaunsar. The sequc!nce of beds is then as follows :- 

(1) Phyllites. 
(2) Limeetone. 
(3) Quartzitea. 

We are, however, unable to otler any suggestions as to the oorre- 
latiou of the t.hick 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 weat of Silrlla and south of 
E l o g  (page 99), but it is believed that this belongs to the Jaunsar 
aeries and is not related to the Chail limestones. E'igure 9 ie s dia- 
grammatic section auross the area just described. 

Lower Jaunsar Upper Jaunsar 

SW.  

FIG. 9.-l)itrgmmmatio wction aloug tho Chakrr~ts-Yu~uooric r o d ,  7 ulilee S.B. 
of Chakrata. Distanoe about 1 mile. 

Proceeding south along the Muvvoorie road we encounter tt shsl- 
low syncline in which the lowest beds are slates showing a series 

of minute wavy wrinkles on the cleavage planes 
Continmtion of the due to c r u s ~ n g .  section to the south. This feature was noticed in 

more than one place in the Jaunsar series 
to the west of the Tom. On the slates are quartzites, in which 
conglomerete ban& with quartz pebbles eimilnr to those seen on 
the Chandpnr ridge (p. 37) are compicuoue. Since the q~art~zites 
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reen on peak 7152 north of the l immtae oontuin no ench congin- 
rnerate ban&, we oonsider that the q w r t d t a  muth of tho limeatone 
belong to a newer horizon than the others and that a fault wparatse 
them from the limedone and phyllites which we wign ta the C%ail 
*ria. ' 

The same limesfone crop  out on the mad wwt of Thana. Here 
LLM it. dip is S.W. ; i t  is probable that the outmop could bd conti- 

Chd limeatone on nuolxsly traced betwmn the two points. 'Fbe 
the ebrt road near limestone wee not, however, eeen on the main 
Thana motor road to ~ a - k a ,  except a t  the toll gate, 
ee mentioned above. At t.he brewery the Mandhalie were seen, eo 
that it ie pwaible that the crushed limeatone at  the toll gate re 
preaente the same outcrop and that the fault rune close below peak 
7162. 

On the Mussoorie road, south of the shallow syncline mentioned 
above, the beds again turn o v a  and we gradually p m  from the - 

quartzita into pale-colonred or mottled slaty 
Kml limeatow On beda with vein quartz. Quartzites agein occur the Mueaoorie road. 

beyond these without any change of dip and 
then grey r n i c ~ o u s  phyllites which closely resemble the highst 
horizon of the (Jaunear) series seen above Jagas, while occa~io~al  
pale-yellow, soft schist8 remind one of the bed8 of Nigaili. We 
now pass into a clear hlue limestone just beyond mile 30; this occu- 
piee a broad patch with a low dip, an around the top of peak 6968 ; 
it reste on some yellow earthy srenaceous beds which intervene 
between the limestone and the pale yellow %hi& mentsioned above. 
This limesfone ie quite distinct from tho older limeatone on the ml 
north of p a k  6658 ; portions of i t  are very sandy and the aand 
p i n e  etanding out on the weathered surface present a peculiar 
appearance which lea& ns to  correlate i t  unhesitatingly wit.h the 
aimilar limestone which occurs on Gtuma peek and Juin, and which 

OvePthruet by 
beda (7) Jauu8a.r 

is undoubtedly Krol. 8011th of peak 6958 tbe 
'Ider limestone is overlain by massive qoartzitea mnea. 

which pass into dark slatee. AB we ascend 
tow=& peak 7633 the latter become very schi~tose, siliceous and 
eplintery and eimulate fornil wood. The correlation of these beds 
ie uncertain ; but they certainlv belong to a different and no doubt 
older horizon than the ~ a u n &  beds exposed to the north of the 
Krol outcrop. It follows that they must. have been thrust o w  
the Krol limeatone by II r e r e d  fault. Co~~iderablo quantities 
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Liluestone were seen on both sides of the .4mlawa nadi, round 
.bout the village of Koruwa, and also on the old road W.8.W. of 
peak 6174. Oldham has mapped limestone east of Uproli and again 

Krol limestone at 
to the north. It is probable that all these 

npruli Bnd elmrhore are &01, and a continuation of the same outcrop 
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 a O 1  limestone has overlapped unconformably on to the Jaunaars 
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 
i t  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  napped a large outcrop of it on approximately the same strike 

at  Udpalta and has continued i t  up to the 
Krol limestone at 

Eahiya. Tons river. South from Sahiya we have a 
long succession of Jrrunsar 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 Dhnira 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 65.2 miles, at the sharp bend. It seenls to be inter- 

bedded with rocks of a Mandhali type, amongst 
MnndhS beds north which are coarse grits and in one place a grey, of Kalsi. 

slaty bed with bouldery fragments which close- 
ly resembles the Blaini conglomerate. The cliffs 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 riiile 66 seem to 
belong exclusively to the newer series, and represent outcrops of 
the Silnla slated, 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 
Dagshai bed8 at, 

Kalsi. by Oldham as Nahan, but which the senior 
author has no hesitation in regarding as Dag- 

shai, as a result of his very careful work on the roclrs on 
t,he west of tho Kalka-llimls motor road, and which he hopes to 



THE CHAKRATA AREA. 01 

deSC:rihe at a future date in a rnernoir on the T e r t i n ~ k  of the fhtlej 
valley. 

We have so far iuade no referenw to the Bawar mries, bemuse 
our observations do not albw u0 to correlate it definitely. (hi@- 

Bawar -rim. 
nally Oldham regarded i t  o. Tertiary (1889, 
y. 197), but a t  a later date mainly on aooourrf 

of a section on the Lambatach ridge (1888, p. 136) he raferred it to 
his " Carbonaceous =rim ". I n  ths latter section a " glaesy quart- 
zite " corrdated by Oldham with the Ohakrata outcrop of the Bawar 
series does not come far below " carhonmoua s l a m  and limestane " 
which are obviously Jutogh. but i t  is i m p i b l e  to say whether a 
thruet separates the two beds. I n  any caw the r n e h m o r p h d  
character of the Bawar series is indicat,ive of an ewly epoch, and it  
can hardly be doubted that whether they are Chi1 or Jutagh a 
closed thrust trace separates them from the younger rocks, which 
underlie them on all sidee. 

VI1.-THE JUTOGH SERIES AND ASSOCIATED ROCKS OF THE 
CHOR AREA. 

Before we trace the three ~vert~hrusts mentioned above i11 the 
oppo~it~e direction. that is from the G i ~ i  and Ashni river6 towards 
the north-west into the Simla area, it will be as well to finish with 
what may term the Chor area, since we find here the clearept 

for the structure and correlation of those rocks that w e  
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 aide of the Jutogh thn~s t~ .  We will now- proceed to 
the consideration of the various rocks which lie on the hinterland 
side of that thrust. 

Although n-e cannot assert that the Jutogh thrust continues to 
the north and north-east of the Chor mountlain so as to join up wit.h 

The jutoph of the p in t s  a t  which we left it on the weatern 
the C%or pmhably and eastern sides of that mountain, yet i t  *em 
isolated within the 
uppernlmt ovel.thn~d 119 probable that such is the case. A t  any 
tmc.  rate we ha\-e no reason to believe that any 
other rock8 than those of the Jutogh series occur within the thrust 
trace where we have definitely est,sbli~hed its existence, so that the 
probabilities are in favour of the Jutogh outcrop in this area beirq 
just as isolated as i s  undoubtedly the case in the Simh area and 
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the muoh smaller area immodiately surrounding the  tati ion of 
Clheil. 

Since the peat intrueive mass known as the Chor granite ie one 
of the most ooaqpicuoua portions of this area, this will first be briefly 
dmribed. 

The Chor gneissose granite. 

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

Medlicott's viewe on ite origin seem to have been rather unde- 
cided. The somewhat obscure way in which he writes makes i t  

Medicott's viewe on difficult to understand what his conclusions 
the origin of tho Chor were. Apparently he discarded the idea of its 
pmita. origin from ' fluid intrusion ', while, to  use his 
own words again, he seems to have been ' in favour of a faultled eleva- 
tion and semi-intrusion ', whatever that may mean. 

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

the-. granite as- representing highly metamor- 
McMa,hon'a On phosed sedin1ent.s (1877, pp. 216, 223), he later the Chor granite. 

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 

Middlemiw's viow. 
conclr~ded that the gneissose of the 
Chor, Dhaoladhar and Dainkund, wcre all of 

one age, essentially tho aame 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 rnay be mentioned in passing that this view of t'he 
age of the granites was upheld in Hayden and Burrard's book on 
the Himalayas (1907-08, p. 219), though it was not fiupported by 
Middlemiss, (Middlemiss, 1896, pp. 274-278, and McMahon, 1 897). 

The granite of the Chor Mountain (361691) is a porphyritic biot.it<e- 
granite, cont.aining abundant phenocrysta of orthoclase, almost in- 

variably t,winned on the Clarlvbad law. These 
Outward appemrance. 

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 r0c.k 
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is very rich. Two everage ~peoimens gave a   pa dip, gevity of 
2-70. 

A marked characteristic of the granite is the falietion that h~ 
been developed in it. This ehowa itself most olearly in the emrnge 
ment of the orthoclese phenoqvta and of the biotite. In th h u t  
foliated varieties, the orthoclese mystorb are eogttered about the 
rock sayhow, their axes pointing in all direotions. In auch a rock 
the biotite, while it haa a oertain parailel diepition, tede tr, war 
irregularly. 
h the foliation of the rook increaase, so the dhoolsw qsteb 

take on a parallel orientation, their longer axes beiq roughly parallel. 
In the most foliated varieties them cryetcrb loee their eharp outline 
and have instead a rounder appearance, the rock being mrnetimea 
almost like an augen-gneiw, the ' eyes ' being the o r t h o c b  p h e w  
cryata. In such a rock the mica irr clolsely wrapped round the artho- 
clam, and elsewhere occurs in thin parallel things. 

Such then ie the outward appearance of the rock. It waa, of 
course, this foliated character which mieM geologists into regard- 
ing i t  as a g n e k  of sedimentary origin. 

Under the micvoswpe tho larger phenocrysts are men to be mainly 
or thoch .  They commonly contain abundant inclueions of the 

Mioroaoopic ohacactem. 
groun&am, suoh es h k e s  of biotite, nod in 
addition numberless little cryatab of zircon and 

some apatite are seen mattered about the csy&la. 
The felepars of the grcmndnlaes me chiefly orthoclase and oligo- 

ckae, the latter sometimes showing albite twinning. 
Quartz is the most abundant mineral, d n g  in strings of 

small grains, which, together with the mioa, sweep ro~lnd the pheno- 
cryeta, enclosing them rn lenticla ; one pher~~~ryet .  if i t  ie a big one 
will go to form a lenticle. but one or two phenocrpeta if they are 
amall. 

Biotite i~ the predominating mica, genexrally of a greenieh-brown, 
but sometimes of the more typical red-brown oolo~lr. It rarely 
occurs in large crystals; more often it  ie Been as a thin string of little 
flakes. 

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

Sphene is quite abundant. 
Another constituent which is almost univermlly premnt is a 

yellow-brown myetal, nmrly always divided info a dark interior 
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zone snd a light outer zone. So far as c a ~ i  be .said a t  present, the 
two appear to be eyidotu and allanite, the latter being the cerium- 
baring epidote. 

In  certain parts of the granih, notably on ita eastern side, xenoliths 
are fairly abundant. These seem to be of two kinds :-' accidentel 

Xenolitha. 
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 sorne 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 granita to the monly obscured by fallen boulders of the @a- 
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, a t  the 
-me time no such simple relation is seen close up to the granite, 
On the west side of the g-ranite, near Topi, the neighbouring rocks, 
right up to their contact with the granite, are allnost everywhere 
horizontal, with the granite forming the higher slopes above them. 
On the Didag-Balogti spur the relations are not clear, but again 
the granit>e 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 01 Nauraghat, the roc:ks have 
sometimes a northerly dip, but elsewhere it is again south-east. 

Thus although on a broad view it might he said that the rocks 
on the south side of the granite have a clip tjowar& the granite, 
closer examination shows that the relations arc not really so siniyle. 

The north side of the granite has not yet beon exalniried by the 
authors, but Medlicott states most explicitly that the strat.& here 
have a northerly dip, end that they overlic the granite, which d i p  



JUTOaR 8ERTES OF THE CIiOR AREA. 56 

beneath them (1804, pp. 41, 42). In  -ordanm with this north- 
erly dip, which, though varying horn pboe to plrrce, may be Baid to 
be the yrevltiliug dip of tho whole arw, the rrouthern ~ i d w  of the 
mountain aro moro eteeply mrped than the northern. 

It is of irltereut to note that on the very top of the mountah 
oocur relics of the coarbrse garnet-gneissea which are found in the 
Jutogh seriw, and which m y  be preemed to have formed the roof of 
the intruaion. 

It thue appears that we are dealmg with a large intrusive b o -  
lith, which has a gentle northerly dip, and 

grrnib an hm evidently been intruded up from the north, intrusive laocolith. 
into the Jutogh mi-. 

As regards the foliation of the granite, there memu to be little 
doubt that this feature was not the reault of metanlorphiem after 

The foliation of tho 
the solidification of the granite. Thi. ia most 

gr~bnih contempore- conclusively shewn by the fact that where the 
iieoua with its htm- granite is moat foliated the paralleli~m of the 
sion. 

phenmryets is moat marked. Now if the gra- 
nite had been intruded and cooled down under tranquil cunditiona, 
the phenocrysts would have been mattered about in all directione, 
with no particular orientation, as indeed they are in the lesa 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, thom which were most 
parallel to the strike of the crust-movemsnfs being lea& affedd. 
Complete parallelism could only be attained if the whob rock became 
fluid, a condition which must be beyond the compass of metamor- 
phism. (The possibility of complete fusion must in any cnse be ex- 
cluded, because the rocks adjacent fo the granite ahew no evidence 
of it.) But in actual fact, except for certain st>rain phenomena 
shewn by the optical properties of the quartz, c a t a c l d c  affecta 
are entirely absent : and though the mica is sometimes seen to be 
bent, following the general flow linm around the phenmyeta, i t  
never presents the appeazance of having been fractured subaequent 
to its crystallisation. 

It is clear, then, t h d  tlre folirrl&on rnmt haw k t &  derle2opsd d tkc 
time of imtru.sz'wn and c y s k s l l b a l h ,  by pressure resulting fiom the 
crust-niovements that were then in operation, presumably the aame 
as those that caueed the intruaion of the granite. All the evidenm 



pointa 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 argument8 which 
are used in determining the sequence and time-relatiom of the 
vsriow events. 

The olivine-dolerites. 

We may now pam on to describe a small number of fresh, basio, 
igneoua rocks, which occur ae 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 Soham, 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 MoMahon refers to six localities, but it is almost 
certain that one of them is a mistake, that a t  Naura. Apart from 
the f a d  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 in sitzl or as boulders. The particular locality, however, 
is 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 looalities, the same rock has been seen 
in four other localities, namely, (1) on the S.W. spur, Kheri-ki-Dhar, 
by ta small pond about one mile east of Chorwa Hatti, cutting the 
gneiwes (361954) ; (2) further up the same spur, just before Bajni, 

.cutting the granite (361689) ; (3) where this Rpur reaches the top of 
the Chor by Setambu, also cutting the granite (361692) ; 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. 
I n  this latter place two varieties occur (361965-967). 

Thus we Ree that the outcrops of t h i ~  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 
overthrnat. They have never been seen in the Chail or Ja~insar series 
below, an observation whit-h will be referred to later. On the other 
belld they do not appear to have been seen anywhere in the 8irnltt- 
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Jutogh era, w, that they aeem to be confined to the vicinity of the 
Chor granite, with which perhape they have mme genekic conaecl- 

tion. 
In  the above-mentioned paper McMahon drew attention to the 

close timilarity of all them rocke, and, no doubt, coneotly, regarded 
them as belonging to one set of intrusions. ' 

The rock is easily recognised in the field, for ita marked £r-, 
great hardness, and the ringing eound it emit13 when &ruck with a 
hammer, all serve to distinguish it from any other rocks of the 
&tict. 

The petrography of them rocke has already been d d b e d  in 
some detail by McMahon. 

In  the hand-specimen they are seen to be very frah, black, mode 
rately coarse-grained rocks, weathering to a ruety brown mlour, 
and having a high specific gravity, the rock a t  Setar~lbu be* 3-04. 
The grain varies considerably in coarwness. In  placee i$ a p p r d a  
a gabbro in this respect; elsewhere it is more like a medium-pained 
dolerite. In the last locality mentioned above, by Bhngari, both 
varieties occur close together. While the rock is generally even- 
grained and non-porphyritic, in some varieties relatively large cry% 
t.als 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 ie eeen tlo be rr holo- 
crystalline rock, composed essentially of plagioclaee felspar, augite, 
and olivine. 

The felspars in all them rocks are charaohr id  by s faint clove- 
brown tint. This unusual appearance ie so charactbt ic  that on 
this ground alone one would be justified in placing all these rocke 
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 dewription will not be given in 
this place. It may be said, however, that the felapars correspond 
to an acid labradorite pitlgioclase, and that they are invariably 
idiomorphic towards the augite. The latter ie generally quite colour- 
less. It tends to oc.cur in separate allotrio~norphic grains rather 
than in plates, but eometimes a sub-ophitio structure is developed 
with respect to the fclspara. The olivine, like the fehprrm, in very 
charaoteristic, being highly charged with a fine mlrgnetite dmt, 
giving many of the crystals a grey-black colour under the ruimos- 
mpe. Though it. m,curs in all the doleritm that ham been examined 



from the south side of the Chor, accordmg to McMahon i t  is a b ~ e n t  
horn the two specimens which he collected from the north-east 
side. As might be expected with a presumed high content of iron, 
the olivine crystala show a negative birefringence. 

I n  accordance with the description given above, they should be 
called olivine-doleri tes; 

The hornblende-schists. 

*In thk  section we have to deal with igneous rocks of pre-meta- 
rnorphism 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 payer on 
the ' Dolerites of the Chor ' (1887), wherein he refers to  those seen 
by Nauraghat, where they happen to be unusually abundant. 

As compared witah the dolerites they are quite common; but, 
89 is the case wit,h those rocks, they are coilfined in their distribution 

to the oldest, uppermost rocks, the Jutogh 
Occurrence. 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 ia 
impossible to conceive of then1 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 its 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 nuinber of cases. One, however, may bc 
mentioned where this relation is very well displayed. Just south 
of Nauraghat, is o thick band of white doloalitic nlarble. Intruded 
into this rock, between the two roads to Bandal and Manal, are 
two dykes of hornblende-schist (36/696), and they both cut tho 
marble a l ~ n o ~ t  exactly a t  right angles to  the strike. I n  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 rilore than a 
hunched yards. This is not due to  poorness of exposures, for the 
rock can quite colllmonly be seen to  end abruptly. Further, they 
none of them seem to follow any rule as regards their direction, bu.f 



gre~ive .  
These rocks, though they occur in comidexnlle abundance, do 

not vary greatly in character, the two types, hornblenda-what and 
amphibolite, differing chiefly in the former h ing  

Character. schistose, while tho latter are Inore mawive 
and panular. Pelspar is sornet.inlea abundant and sometimes corn- 
paratively ecarce. 

Another variety which is commonly wen is tr garnet-btsrin(5 
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 dian~eter. This type of r0c.k irs seen on Prospect IIill 
(361660-663), and is referred to hv both Medlicott and Oldha~rr 
(1887, p. 148). Throughout the Chor area alm this rock is quite 
common. 

In a 1;ypical specimen of these horliblendic rocks the hornblende 
is by far the mostl abundant constituent. It ie generally a pale 
green colour, with the following pleochroium :- 

a = pale brown 
b = brownish-green 
e = bluish-green 

It usuallv has a rather high extinction angle, 19' rnaurcd fro111 tho 
alow direction, wit,h negative birefringence. 

Pyroxene seem always to be quite absent. 
The colourless minerals are almost entirely plagimlase and quartz. 

The former is commonly twinned on the albite law, with a nuximum 
extinction of 26", and a refractive index higher than the balmm. 
Hence it is probably a basic andesine. There i~ nearly always o 
~ertain amount of quartz present, and it may bc quite abundant, 
t.hough it  is not always easy t-o distinguish i t  from untwinned albite, 
which may be present. 

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

In some apecimens, notably one from Shangin, N.W. of Taradevi, 
and in certain parts of the Prospect Hill rock, zoisite or a c o l o u r l ~  
epidote are abundant. 

The Prospect Hill rock ie really v@ complex. In plaw the 
garnet is abundant, sometimee unlfomlly digtributed, &where in 



thin atrmke in the rock, while often it is entirely absent. I n  one 
variety quartz is very prominent together with colourlesa epidote, 
while hornblende ocours only in certain banda. 

Apart, however, from special variations such as these, the rocke 
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 a t  least 
a large proportion of them are intrusive rocks. The question arises 
as to whether some of those with concordant relatiow 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 
diutance, 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 
rlieta~uorphosed condition au compared with all the other rocke of - 

JIetamoryhism of the 
the district. ~ h i a  metamorphism undoubtedly 

jutogh series; its radiates from the great intrusive granite mass 
radiation from the of the Chor, its intensity varying inversely as 
Chor granite. 

the distance of the rock in question from the 
Chor. Thie phenoluenon a~ observed by us is conl~letely in accord 
with Medlicott's general observations as described on pages 40 to 
43 and 45 to 47 of his memoir. It lr~ust 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 srsnle gene- 
ralization then we cannot endorse it. The Chail series is undoubted- 
ly less ~uetamorphosed 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 born place to place except accidenttdly, and we 
believe that their ~netamorphism has no genetic connection with 
that shown by the Jutogh series, which as we have seen is separated 
from then1 by an overthrust,. Thus, comidering rnwely the Jutogb 
series, our examination of the older rocks which are closely associated 
with the Chor granite, incomplete ns it wae, yet did indeed revela1 
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a fairly regular oonoontria arrangement of the t w x m h  m i d  
about the granite ; we can, therefore, hardly d d t  thst the intmaion 
has exercised quite an appreciable effect on their grede of me* 
morphim. 

We did not originally intend to  givs tr detdM damription of 
the metamorphiem of thewe roeks until s greater area h d  been 
nurveyed and until mure time had become available for d e u  
tive work. The rnetamoqhimn ae we i n h r p t  it, however, ia of 
importance in determining the age and quence of some of the 
major evonte, and it is therefore n-ry to refer to if briegly in 
this paper. As if is also of comiderable interat, s preliminary 
account may not come amiss. 

In  discussing the metarnorphbm, attention is 111dy confinad 
to the older mcks comprising tho varioue members of the Jutogh 
series ; though certain compmtive obsesvatioll~ will a1m be made 
upon the metamorphism displayed by the C h d  and Jnunsar series. 

Examination of these older rwh reveals at once the f a d  that 
the metamorphism disptayed about the granite is eeeentia ly af sr 

regional type, and is not purely thermal. This 
The met.mor~hism is clear, firstly from the tly-pe of rock prodnced, 

eaaentially regional. 
highly foliated gnoisves and echista; end se- 

condly from the type of mineral formed, in particular staurolife, 
chloritoid, and chlorite, minerals which are slmc#lt wholly o o d h d  
to the crystalline echista, and never obeerved in ordinary wntaof 
rnetamorph~n. Moreover, these Jutogh rucks always &ow a mode 
rate grde of metamorphism over the whole of their outcrop, in 
placas far from the Chor granite, and it aeem clear that the granite 
has only been n modi£ying factor, with ita low1 influence imp& 
upon tho regional metamorphiem. 

Again, the granite iteelf is ofton highly foliated, and, aa d i s c 4  
on page 55, the foliation wag evidently impressad upon it at th0 

Contempor:meoae time of its intrusion and eubeequent cry~talli- 
with the intnmion and aation. IVe therefore have &ong evldew 
fd'tiOnOf thepanib. that the granite was intruded at a time of 
important earth-movmenta ; and the additional obeert-ationa, that 
there is a definite relation between the granite and the grade of 
metamorphism, and that the metammphiam ee a whole is ems- 
tially regional in type, point to the conclusion that the d - m o v e -  
ments which produced the foliation in the granite, and indeed p m  
bably mused its intruaion, were the m e  ee those that p & d  

a 
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$he regional metamorphism of the whole area in which the Jutogh 
aeriss existed. 
We know that regional zuetalnorphism is connected with periods 

of earth-rnover~ient, when the crust is in a disturbed state, 
and that the same coluun~llly ~tpplic:s to the intrusion of igneous 
materia]. In view, therefore, of the facts noted above, it does not. 
seem unduly speculative to conclude that the intrusion of the Clior 
granite, the main regional metanlorphism, were products of 
the same earth-rno~ement~s, and had thus a close genetic relation. 

From the type of rnetanlorphism developed, i t  is evident that 
conditions of both high stress and fairly high temperature prevailed 

throughout t'he region ; and we niay cor&dent<- - 
~ncrease of ly ascribe the increased met,amorihism about 

murphiem about the 
granib due to hetat the gz'auitlc to  the increase of temperature 
Prduced by its intru- consequent upon its intrusion. Not only can 
sion. 

one discern a general increase in the grade of 
lnetamorphism 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 aets a limit t o  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 metarnorphiam. 

Before proceeding further with thc description of the metamor- 
pllisnl, an important factor must be mentioned ; i t  is necessary, in 

discussing the grade of metamorphism, and in 
Charauter of the 

sodimenban important making any attempt to lay down zones of 
fagtor in the 'degree metsm-brph&m, to take into eonsidaration the 
of metamorphiam. 

composit'ion of the sediments. It is obvious 
that composit'ion must play an important part in determining the 
formation of the various minerals. Further only certain types of 
sedinieut are oi use in lollowing out the progressive metamorphism. 
A large number of sedimentary rocks exist in a state of ' false equi- 
librium ', prtrticulrtrly calcareous seciinientls : and it orlly requires 
a slnsll rise of te~nperilturc to set oft: a reaction, which, in proportion 
to tllc luck of ecliuilibriurn, will proceed kvit.h corresl~onding rapidity. 
Olily the fine-grained argillaceous sedi~kients cat1 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 $he earlier stages. 
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Bor these raasons, in studying the nuc~easive grad@ of meta- 
mwphiam about the C%or granits, the wning, in  so tar as it can 
be dh~ted,  muet be conf~md to one particuler tyyt, of diment.  
Fortunately the pelitic type iEl fairly al~unbut and it can bs picked 
out for the purpose8 of zoning. Even HO, however, there ia c o ~ i d a r -  
able variety amonget t h i ~  type of rack such tla the sobbte awwiated 
with the Boileaugunge qwrtzites, and thoue tlwrxiatc.d with tbi! car- 
bomeoue band-two varieties of pelitic: sediment, of which tbe 
second is very markedly ferrugiaous. Hucl~ differ:renc~.e of cam- 
position afford interesting coruparisuua. 3'hus in one variety a 
particulaz mineral m y  come iu earlier or 1at.m t h u  it doe8 in another, 
or it may be completely absent. And, although u given mineral 
m y  be developed in rocks of Merent coruywition, its appearance 
may not denote the aame temperature in L0t.h CWB. This principal 
ie well exemplified in our own arc+, where the fenuginoue type of 
pelitio sediment is not iqradic with tho nornlal type. 

Although the influence of the Char firmite ie quite clear, it6 
effect is only to be regarded as a modifying one; for the regioml 

metamorphrn of the s,zmc: rocka far away 
The Chor granite haa 

merely modified the from any granite mass, at Bimla, has d- 
regiodal metamor- ready roached fhe gmucf. zone, at, least so far 
phiem. 

aa the schists aasoci8ted with thc Boileaugunge 
qusrtzitea are concerned. In the case of the carbomceaoue roch 
th i~  i~ not BO. and gernet does not appear until within the 
;mmediete vicinity of the gronite. 

&fore proceeding to describe the mne.6 and th& diatribution, 
reference rnav be made to two important papers published many - 

Zonee of metemor- 
years ago by &rge R w o w  (1893 and 1912). 

phirm slt .bl ieh~ by In these papem Barrow describes an area of 
mw. in tb 8- E- Dalrahu rwkB in the 8. E. Highlands of 
Highlands of 8ootlmd. Scotland, which has suffered regional metamor- 
phiem. Aamoiatd with them are numeroue granite intrusions, some 
of the ' Older Granibs' of hotland. Owing to the oomploteness 
of the evidence, the adreucing metlamorphim~ can be followed out 
from tho lowest to the highest gradm, and in general the zones are 
related to the distribution of the granite.' Such EOUM are char=- 
brim3 by differat ruiner81 aasen~blagea, and in particular by the 

~Arwording (o Tihy thin b not dmya so. 6lw Qu&. Joum Qd. k., ISXIEI, 
p. 107, lepa 

Q 9 
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inooming of Borne distinctive new mineral, corresponding to the 
Ioweet temperature a t  which such a mineral can form. Such an 
index minetml may or may not continue to  figure in the higher zones; 
but i t  is ita occurrence on the border of the zone which is the signi- 
ficant point. 

Working in this way, and codining himself t o  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 Barrow's highest zone mineral. Stauro- 
lite, however, ie only found in sediments fairly rich in iron. 

Returning now to our own area, i t  will be seen that the range 
of metamorphism is here confined within much smaller limits. I n  

those schists associated with the Boileaugunge 
Range of metamor- 

phiem in the Chor m a .  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, iu also some- 
times present. MWe biotite often occurs in this latter zone, it is 
more commonly absent, the niost distinctive nlineral being muscovite. 

In the case of the rocks associated with the carbonaceous band, 
the garnet zone 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 featwe of t.his zone is the occurrence of the 
penniilite and ch'oritoid in fairly large porphyroblasts, set in a fine 
matrix. It may be called the penninite or chlorite zone. Below 
tjhis is the zone of white mica, which may be wid to represent the 
normal grade of nletamorphism present'ed by these rocks away horn 
the iduzence of t'he Chor granite. 

We shall now describe briefly the metamor- 
Xeiamorph iem of 

pelitic t y p  of sediments. phis111 of those sediments of normal yelitic 
type, such as the Boileaugungc; schists. 

Tn following out the advancing met'amorphism, owing to the 
folding, one cannot always keep to  trhe same horizon. This, how- 
over, is not of ruuch consequence, so long as one can pick out rocks 
of the same pelitic type, having approximately the same composi- 
tion. 'I'hus, rts we sha,ll 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 
bnnde. But the type of rock ie the same, quartzites and mica- 
acbists; so that for our yurposcs they may be treated as the m e .  
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In the Bimla-Jutogh didxi& the achkts of the B o i l a . r y v  
aeriea are well dkplayed on Jakko, and wain on Jtltogh. In the 

~etemorphism of tbe intervening area, on the ridge, the qwstP;ita 
goeims d scbiats m ~ t l y  predoznimte. As is wdl known hm 
in the 6imla ares. the obwrvatioae of Mcdlicott. Oldham and &he 
authorm t h a e  &eta are often aiready in the garnet &age: but, 
although thie ininera1 is ~ometimea a b u b n t l y  developed, n l m  
eepecially on Jutogh, it itr mostly in  mall oryRtrr!s, as ampered 
with thme eee1.1 near the Chor granite. A typical epeainlen of these 
roch  (36/667) is composed nuin3y of quartz, in emall interlwkq 
granules, with large films of white mica wrapping round them 
Biotite also m u r e  but it is quite subordinate in amount. Garbeta 
of a pale pink colour, may TE abundant.. &metimes they ebow 
good ehapea, and their pat c~ytalhsing strength ie revealed by 
the way they have pushed everything else a ide  when they were 
growing. Quite commonly, they seem to h v o  been btt l~red. and 
the cracks have aubaquently been filled in with quarte. Buch, 
then, is the type of rock Been in this area, away fronl any visible 
outcrop of granite. 

Let UB now compare the same rocke in the Chor area, with those 
of Sirnla. The probewive metsrnorphim is moat clearly revuled 

Tn the Chor a m .  
on the spurs that radiate out to the 8.MT., 
W.N.W., and N . .  The= three epure are 

clearly  hewn on Medlicot.t.'s small wale map. On the 1" map they 
are the three spurs named Kheri-ki-Dhr, Bsnali-Dhar. and Pain 
Kufar Dhsr . 

Summarily it may be said that the mwt. obxiow changes o b m e d  
in the field as one approaches the granite are, (1) incraase in the 
eize and abundance of the garnets, (2) the incoming of etaurohte, 
(3) increase in the size and abundance of the staurolite, (4) dkpp* - - 

ance of the shurolite. 
It waa mentioned just above that the guneta that occur in the 

Bame rooks away from the granite are gen&llp small, about 1/20' in 

Garnet eone. 
diameter. On sp$roaching the granite. how- 
ever, they ra,pidly wumo large yroporfio~~, - - 

up to f in diameter, and b d m e  so abundant that in ylaetrs t!;e 
ground is strewn with them like gravel on a garden path. Not only 
have the garnete become large1 a d  mrwc abundant,. bnt. the mu@- 
covite has likewiee increased in size ; all thie point* tn the preva- 
lence of a bigher tmigaaiul,e, resulting in m- ipcreeaed amplitude 
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of dBwion, and hence in a greater coarsenea~ of grain. These 
rooks (36/960) oft'en have a striking appearance owing to  the abund- 
m e  of the muscovite, which is a light golden colour, and in the 
h n c e  of vegetation the whole hillside flashes out in the 8Un- 
shine. 

As compared with the garnet zone 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 quarttz These latter sometimes show s remark- 
able arrangement wit'hin 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, 
ore found developed in thcse rocks, but they are not as comnlon 
as in the carbonaceous schists, to  be described below. 

Over all this area the inconling of staurolite can be fixed on the 
ground with precision. Though almost exactly the same colour as 

the garnet, i t  is easily recognised by its pris- 
Steurolite zone. matic habit. At first i t  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 aornetimes seen up 
to an inch long. While garnet continues to be present in t-his higher 
zone, it is not now so abundant as before. Nor, again, is the mus- 
covite quite so coarse as i t  was in the garnet zone. The staurolite, 
where typically developed, shows the faces of the prism zone, and 
the face (101) is also conlmonly present. I n  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 (361958) are very coarse rocks, and are commonly 
characterised by being full of thin sheets of milk-white quartz. 

In stauro1it.e-gneisees 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 
mako up more than half the  crystal : or it may be destroyed to form 
white mica by alteration. Ow own staurolite crystals, however, 
are very different in thia respect, being remarkably fresh and free 
from inclusions, tlhough they may be somewhat shattered. 



JUTOGIZ SERIES OF m E  CHOR AREA. 61 

In the etaurolita zone muscovite bmmee eomswbt k ahuad- 
ant, while porphyrobbts of oligoelase and perhaps slbib trta quib 
common. Albite and o l i g o c h  are aleo seen acr smll  crpetels in the 
groundmass, but it is doubtful if there ia any ~ m t w h  felspar in t h w  
rocks. 

It has already been emphasized that it is the incotnjq of e zvm 
mineral which ie the important point. Such a mineral when onoo 
formed may continue to exist in the higher zones, or it m y  Is con- 
find to ita own eone. Thus we mc garnet contiming into the 
etaurolita eone. In the w e  of ~taurolite, however, it waalcl rseem 
to be otherwise, this mineral apparently b v i n g  a restricted distri- 
bution. For as one approacht.3 the pgrrtllite staurolih diea out, and 
nowhere do staurolite-echists occur adjacent ka tks granite. It 
would thw appear either that staurolite has s definite temperatwe 
range, outaide which it is not able to eHi~t; or po&bly that itR exis- 
tence is determined by the presence of ahwring strms, 8o that at 
higher temperatures, where shearing strees may be presumed to 
beoome lees effective, it cases fo appwr. 

The following sketch-my 0homv8 the di*- 
of bution of the staurolite rons oa the three ~~IIS otenrolita zone. 

where it hti been determined :- 

a Boundary d C ~ a d t c  
C h i d  Spurs with 
Sburolrte limits 

Stale ;- 
4 

FIO. 10.--9ketch map t h o w i q  distribution of the etaurnUte m e  ronnd the Ohar m. 
From thie it is seen that the zone 111mt closely spproarchas the p n i h  
on the lniddlo spur or Banali Dhar, i ,ho~~gh even hwe itre upper limit 
is still about 1) mila from the &e of the granite. 
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Although ~huroli te  thus dies out before the granite ia reaohed, 
garnet oontinues to be present, sometimes abundantly, right 11p 

ta the boundary with the granite, the rocks then being very coarse. 
Neither kyalute or sillimanite are ever seon 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. 26.) 

Having thus described very briefly the met,arnorphism displayed 
by the Boileaugtlnge schists, we may now 

MebmO~hiEm of the turn our attention to the carbomoeous beds, 
olrrbonsceoua be&. 

the other part of the Jutogh series which best 
ihows progressive metamorphism. 

It hae already been indicated that in these rocks the garnet zone 
has a much more restricted distlribution ; and i t  seems to be generally 

true that the advancing meta~norphism has 
Garnet zone. 

throughout been delayed to a very marked 
extent, as compared with its progess in the schists of the Boileau- 
gun83 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 gete into the Boileaug~~nge schists above, even while the 
rocks are still slightly carbonaceous (for there is a gradual transi- 
tion), garnet a t  once becomes abundant. TVhy there should be this 
distinction is not evident. 

In  these carbonaceous rocks three zones are clearly 111arked 
out :- 

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

I n  comparing the distribution of these zones with those of the 
Boileaugunge schists it appears that when the latter are in the eady 

stages of the garnet zone these carbon ace on^ ., " 
Compaaaon rocks are in zone (1). When the others are the zones of metrs. 

morphism in tho in the later stages of the garnet zone and in 
mhbt~ ad the carbon- the staurolite zone, then zone (2) is developed 
Meow be&. 

in these rocks. Zone (3), that of garnet. ie - 
only developed in the immediate vicinity of the granite, while the 
staurolite zone ieynever developed ; though in view of the compo- 
sition of the rocks one would have expected it, had A, s~ffic~icntly 
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high temperature prevailed, for they are very fkugimus, Y ow is  
m s d ~  to realizo by the red colourstion vround the springs that hue 
from them. It is posaible that the band never opprowhts su6ciently 
oloae to the granite for etaurolite to form. In detmibing there three 
zones, then, it muet be remembered that we are dealing with a dL 
tinctive type of sediment, often richly w b ~ ~ n w ~ w  and higbly 
ferruginous. 

I n  the $mt zone, the only distinctive m i w a l  eeen in addition 

Mnooovib zone. 
to  abundant quartz ie mwovitlo. It occm 
in lenticuhr bundles mapping round thc quarts, - -  - 

and i t  is interesting to note that the carbonaceous element ie wholly 
confined t o  this &ca (36/976-977). 

" 

The second zone is a very characteristic one, for the rwks corn- 
rnonlp contain large proph~oblaets of a mineral which weme to be 

Penninite mne. 
closely allied to peMinitc (36f943-9-45). It ha 
the characteristic indigo-blue interference tints 

of that mineral, due to the very low bGefiingence, end approxi- 
mately the aame specific gravity and hardneaa. It diffem, however, 
in having a somewhat lugher refractive index, t b t  for penninite 
being 1.578 while this is about 1.64. 

In addition to thie mineral, another minerd ia sornetimea found 
which is much harder and has a higher specific gravity (36/947). 
It most nearly approximatea ta ottrelite, and like that mineral it 
has great crystallising strength, pushing everything elee aside as i t  
grows, and taking not the shghted heed of the wK&ty of the 
rock. The refractive index is again about 1.64, while that of ottre- 
life is 1-73. The mineral in our rock, however, seeme to contain 
no manganese. 

The abundant development of penninite in theee roch, and to 
a lem extent of chloritoid, is cIearly related to the abnormal corn- 
position of the sediment. The latter mineral, especially, is charac- 
terised by a high iron content, and we have already s t a t d  that the 
rocks in question are ~narkedly ferrqinoue. A remarkable feature 
of the prphyroblaats of penninite is that they seem to grow with 
little or no disturbanoe of the roek. Instead of pushing thc rock 
aside mhile growing, they seem to grow around the rock particles. 
One can often see the grain of the rock running right. through Borne 
of the cryatale that are perhaps only half formed, though aJradp 
showing very definite and clear cut edges. Fully-formed cry&& 
are nearly always full of inolwions of quartz, a p i a l l y  the penni- 
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nib; a d  one may attribute its formation to the very baaic nature 
of #me nfinerals. It no doubt ropreecrlts that excess of silica in 
the oomposition of the rock not required by the penninite. 

It is hoped to make a more conlplete investigation of these mine- 
rals in the near future, as they are very abundant and present severai 
features of int,erest. Their optical properties are unfortunately obs- 
cured by the abundant carboxlaceous nlatcrial. Both these minerals 
are easy to recogniae in the field. 

In the third zone muscovite is less abundant than before ; this 
zone is easily recognised by the presence of garnets large enough 

to identify in tho field. In addition to the 
Garnet zone. incorning of garnet', the penninite &ill per- 

sists. Further we now find abundant biotite developed, in addition 
to the muscovite (36/962). 

In order to render the a-real 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 tlhe granite is shewn by shading, and the 
uppmmost carbonaceous band is also indicated. 

G =Garnet abundant 

g= Garnet scarce 

G r a n i t e  bou 
7 Chief Spurs 
0 -.7 ---$.-;* Up. Carbonaceous band 

C2-J 

Scale :- 
0 4 8 

J 
* > ~ h a b d h a r  

Olong 

11.-Sketch map ahowing the devcIopmc.nt of garnet in a carlunateous band 
of the Jutogh aeries in relation to the granite. 



The mep hrrs been drawn for the purpow of ehewmg the relath 
between the development of garnet in this upper wba- 

band, and the proximity of -the Chor p i t e .  
Dbtdbuti- of the This haa been done by lettering, a wpital 8 

garnet zone. indicating abundant garnet, and a small g 
scarce garnet. It will a t  once be seen that ahas pmt is &a- 
antly developed the b&nd appoueha most clow1y to the gr9nir.t ; while 
as the band leava the vicinity of the granite garnet dim out a l b -  
gether. The connection between the development of garnet and 
the proximity oi the band to the ~ a n i t e  ie tAn, clear to bs rniesed, 
and ie eloquent of the part played by the grsnjtc as a modifyiq 
influence in the general regional metamorphiem. Where the barad 
sweeps north by C h a m  it has not yet been emmined in derteil, 
and hence i t  is not pwible to say if garnet i~ abundant or mrrk. 
But i t  ie probable that it k only moderately developed, since further 
west, where the band pams to the north of Punnar, no garnet st 
all is to be seen, only penninite. 

These rantake as to distribution apply solely to the upper b a d  
of these roeke, which, owing ta the co&@;metion of tbe g d ,  
crop out most clowly to the granite. In the lower band garnet is 
almost oompletely. absent, and waa only Been in two places, and 
then only locdy developed and in mall  crystals :--one juef north 
of Gadol, due eouth-wed of the Chor, at the top of the lower band ; 
the other in the hills juet above Chrryal, on the west mde of the 
Chor . 

The distribution of penninite, though no lw d v e ,  h not 
so essy to demonstrate on e ek&h map. In 

Difltribution of the Sirnltl-Jutogh area this mineral seenu to be 
pnmnite cone. entirely miesing in these rocks, and a like re- 
mark applies to the outcrop of the same rocks a t  Chd, in Patiala. 

Further south-east, towards the Chor, the game rocks are next 
met with in the Haban-Chayal area. We are now very much nearer 
the Chor granite, and already both penninite and g m e t  are deve- 
loped. Confining our attention tlo peaninite, this mineral a now 
seen for some way. By Rajgarh it i~ spariqly developed, while 
in addition chloritoid is a h  found here. In the upper band the 
penninite is now seen continuously, and at Mathi  is lr=y abundant 
together with garnet, as shewn in the sketch map above. 

In bhe lower band, continuing south-east from Rejgarh this 
ruineral ie seen above Kohlan, but further than thir it does not 
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ocour, that is to say neither by Tikri, Gadol, Kanhar, Manal, 8. of 
Shsmra, Brshin, on Olong, nor on Chabdhar. 

Now a glance a t  trhe 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 
dietribution of the why the mineral is fairly abundant a t  Kohlan, 
sonee. but is not seen by Kanhar, where the band 
is aomewhat nearer the granite. In  fact there seen1 undoubtedly 
to be some irregula-rities 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 prevail'ng 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 part,ly on 
the shape of the granite, concerning which we a t  present have little 
knowledge, a t  any rate as regards its underground extension. If 
the assumption made in the section on the granite be correct, that 
i t  is a huge sill or laccolite, which came up from the north or north- 
east, one cannot tell how much further south i t  may once have 
extended. By hypotlhesis i t  could not have been so very far above 
the present land surface, prior to  its removal by denudation. From 
theee and like considerations, we need not he surprised if irregula- 
rities occur in the distribution of our zone minerals ; tlhalt is to  say 
ircegular as regards their relation to  the boundary of the granite 
as now seen a t  the surface. 

Metamorphism of the Chail and Jaunsar series. 

The metamorph;srn of the younger rocks, designated as the 
Chail and Jaunsar series, is most conveniently conuidered here, RI-  
though as we have shown they are separated hy the t~liperrnost, 
overthrust from the Jutogh scries, the metanlorphisnl of wh'ch we 
have discussed in the preceding pages. The cont,rnst ill the 
two cases is very str'king. The Jutogh rocks not only display 
recumbent folding, but also a high grade of met.arnorphism that 
has required both high temperature and high stress for its forms- 
tion. Moreover i t  is abundantly clear that t.he increase in metamor- 
phism is related to  the granite mass. 
L 
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On the contrary in the oose of the younger undd$ng rooks, 
tho~o  which have been brought forward by the two lower ovsrthraste, 
the effects of high temperature are no longer to be seen. I-, 
the dynamic factor haa been the preponderating iduencs; d, 
whereas in the upper rocke we find the formation of achistg d 
gneisses with high temperature minerale, in these rocks the eArwte 
of crushing and shearing are moat in evidence, yielding ~ u c h  rmb 
as phyllites, slates, aericite-schists, talcrschisb and the like. C ~ T -  
tain other effects are only wen localiaed about particular horkone, 
such as the crnshed conglomarate or rnylonite which occura just 
below the middle overthrust. 

Moreover, in these rocks, we no longer have evidenee of racum- 
bent folding. U'hsre the rocks have yielded, it hnsl taken the farm 
of reversed faults, and s u I 1  overthrwt,~, the latter well seen in the 
Blaini beds benettth the loweet overthrust, near Badgala. 

In  the Chail aud J a u m r  series, a phyllite with an incipient 
puckering, seen as a kind of wavy corrugation on the clwvage eur- 
face, with abundant sericite, i~ a very common variety of rook. A 
conglomerate occ~ming in the Jaumar aeries near Kufar (36jiW) 
shows the effect8 of intense crushing, the pebbles, which .are m k l y  
of hard quartzite, being shcarcd and drawn out, the chief minera- 
logical changes being localised about surfaces of frictiom. 

All thwe rocks ha\* been demribed above under their appro- 
priate headi~lgs, and need not he referred to in detail again. It ia 
of interest, hcbwever, to note the new rninerals which have been 
formedJ-sericite, talc, haemittito, and chlorite ; that is to my pro- 
ducts which are formed by the breaking down of minerals by r e  
tiom which are essentially exothern~ic, corresponding to Van Hise'a 
katamorphism. Moreover they are all minerals which are placed 
by Grubenmarln in his upper or epi zone, which ia formed undm 
the conditions of high shearing-stress and low temperature. 

This then concludes our account of the metmnoqhism. 
From the evidence tat-rsili~ble, it seems fairly clear that the meta- 

morplzistn of the Jutogh rocke n~ust  have taken place towar& the 
end of or j u ~ t  after the mein rec~umbent~ folding. For had the fold- 
ing taken place after the metamorphism, the effects of the latter 
would not have shewn the same orderly a~angement in spue w h i d  
they undoubtedly do. Had the metmorphism taken place prior 
to the recumbent folding, we should have found it impossible to  
make out any Eonarp arrangement. We might, for exampleJ have 
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found that the lower carbonaceous band and its associated rock8 
ware 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 affeoted by the folding. 

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

Not only is the nletamorphism of some importance, in deter- 
mining the order of certain events (s~imnlarised on pp. 128-131) ; it is 
also of interest in seeming to support the general principle empha- 
shed by Harker, that metamorphism generally takes place a t  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 ~netaruorphism is accompanied by igneous intrusion 
(Harkw, 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 ocours highest in altitude. 

Stratigraphy of the Jutogh series of the Chor 8rea : recumbent folding. 

Having dealt thus briefly with the lithology and nletamorphism 
of the uppermost or oldest zone of the Chor area it remains to de- 
scribe the stratigraphical relations of the various outcrops of the 
Jutogh aeries in that area, so far as our work enables us to arrive 
at deiinite conclusions. The most important result which emerges 
from our observations is the existence of recumbent folhng in the 
Jutogh aeries, 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 
carbonacsous beds and the Boileaugunge beds has only been made over 
a limited area, so that on the map the sub-divisions end :~brupt,l~. 

Mre have already stated that the rocks at  Nujgarh and on the  
ascent from that village up to the crest of the k i n  Uhar south of - 

peak 5740 may be corrclated without much 
Rejgerh and 8dn 

~ h a r  eeationa. question with the Jutogh series. The black 
cryetalline carbonaceoue limestone is very 



well eeen where the road from RaigPLrh reacha the crest of f i n  
Dhar (361679). Here tL limestam conbins abundant cry&& of 
amphibole, which weather out on the surfam of the rock. General- 
ly they are arranged in radiating bundles, and owing to ths oar- 
bonaoeous character of the rock they are q u i t s  black. The lime- 
stone is interbedded with qwrtzose schists, mwov i t e - s cW and 
some darker slates. There is also a pllow, much decornpaeed rock 
containing flakes of s pale green mica. It is quite a thin band, but 
it has been found in amociation with the l h k  linlestone end tha 
carbonaceous slates by hill 7020 on the Neursghut-Slunutl spur, 
and increasee the certainty of our correlation of the latter outcrop. 

The evidence for the recumbent folding in the Jutogh wries, 
as we shall show, is very strong, and the correlation of tllm lughly 
metamorphosed limestones, dates, scl~ilists and quartzitea 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 Iiunlerom sections which we have wen ; the ban& 

Repetition of the beds. 
are identical in every detail inc1udm.g carbo- 
naceous slates, c a r b o m u s  limeefonee, and 

some extremely ~haracterist~ic carbomceoua aeh I d a :  s k g y  and 
pitted with small holes, from which some Ininoral has itvidently 
been removed. 

At Rajgarh, the repetition of the carbonaceous band in fo be 
seen iu. the surrounding hills, the intervening rocks being massive 
quartzitea, which clearly represent the Boileaugunge quartzifes. 
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 
loolzlng north-east up the Sheola Klialit, from the noighhurhood 
of Dharoti. The sketch sho\~s roughly the dist-ribution of the rocb, 
and in particular the repetition of the carbonaceous 

Ifla. 12.-&etch of tb bill@ near Rajgerh ahowing tbs didributian d * J~bgb 
bedg with f~ulting witted. W r n  m about 3 mila 
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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 thc beds is so 
gent.le that the strata are practically horizontal. This possibility 
is a t  once precluded after detailed examination of each outcrop. 

The section which affords the clearest proof of the recumbent 
section from folding is seen on the north-south ridge run- 

dher northward. ning from hill 8218 known as Chabdhnr. 
The detailed sequence of the beds between C'habdllar 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 date bandn) . . Hill 8112 
(2) Carbo~laceous sletes . 
(3) Upper Limestone (with sbundaut mica) . 
(4) Carbonaceous slates (pitted) . Hill 8333 
(5) Garnetiferous schistose carbonaceous slates . . (Fro111 Durn-lte- 
(6) Boileaugunge quartzites and schists, thick . . . ( Bagh to the foot 
(5) Slightly carbonacco~~s mica schists . . [of Hill 8332. 
(4) Carbonwmua slates (pitted) , . . 
(3) Uppr  carbonaceous limestune (micareoiis) 100 feet . Chah 1)hrcr. 
(2) Carbo~iaceoua slates, 60 feet 
(1 )  Lower carbonaceous limesto~le with date banda 260 frct . 

SljghLly carbonaceonv scbistose slates . South. 

The two Iimest'one bands differ markedly from ont: u~~ot-ller and 
these differences are readily distinguishable in both l in~bs of tht: 
fold. The only difference between the beds in the two limbs cow 
sists in the grade of metoniorl>hisrn which they exhibit. Thus 
the upper band shows u develoynlent of garnet in its lowest bed 
which is absent from the highest bed of the lower band; amphibofe 
is ~onlet~irnes plSesent in the limestone of the upper band, but was 
not seen in the lower band. A s  has been explained above when 
discussing the metamorphisa~ of t,he area, such differences are perlectly 
natural considering how I ~ U C ~  nearer the upper band lies to the 
Chor granite. 

This section, therefore, shows very clearly that there is a long 
& h o s t  horizo~ltnl fold in the Jutogh rocks, of which the core con- 
sists of Boileaugunge quartzites. 

Further north along this ridge, beyond hill 8112, there is a 
gentle northerly dip, and the upper carbonaceous band is succeed- 
ed by garnet-mica-schist~, gneisse~ 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 oarbonaceous slates and limeetone, separated by quartzites and 
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dark grey phyllites. If them latter corr~pond to the meseive 
quartzites seen between Durn-ke-Hagh and hill 8332, %hen they 
have got very much thinner. It may be that the fold ir closing in 
thia direction, 00 that the quartzites mupying the cofa of the fdd 
are dying out. This, lioweve~, cannot be decided until further 
mapping has been done. The lowest outcrop of the carbons~eoue 
rocks is underlain by dark grey phyllitss, which are poaeibly the 
Chail series. They are probably the same m thoae which have been 
described in it similar position on page 23 where their correlation 
is discussed. 

Similar evidence of recumbent folding, though not quite SO deci- 
eive, is seen on the spur running aouth horn 

Nauraghat-Shemra 
motion. Nauraghst through Bhamra to Kufar. &uth 

of Nauraghat are two band8 of white marble 
separated by quartzites, garnetiferous mica-schists and gnebwu. 
The second marble band is bucceeded to the muth by quartxitea and 
schists and then follows the sequence of rooks which ie t a h h t d  
below. The numbering, as before, denotea the beda which are 
assumed to correspond. The dip is low to the N.N.E. Immediate- - 

ly below the lowest limestane cornea the thrust plane on Pyriye 
Ghat which separates the Jutogh from the Chail wries tm mention- 
ed on page 34. The centre of the fold mwt come a little north of 
~hamra. - 

Quartzites. North. 
Carbooems slates (including yellow rock with green Chsnr Dhar. 

mice). 
( 1 )  CArbo~eceoua limeatone, thick . 
(2) Carhomeom slatxs, thiok . . A 7211 
(3) Carbo-us limestone, thin . 
(4) Quartzite, thin . 
(6) Pitted cerbon-us d&, thin .' ' 

(6) DIagsive quartzites, thick . 
(7) Chlorite-echiets . . I m m e d i a t e l y  

Sohiatom elatee . . above 8hunrr. 
Quartzites . 

(7) Chlorite-sohists . 
Grey schistose slatea . 
8chiatoae s l a b  and qmrtzitos . 

(0) Mllssive quartzites, thick . 
( 5 )  PitM ~arbonaoeom slates, t b h  . 
(4) Quartzite, thin . . 
(2) Carhoneceoas a l ~ b t ~ ~ ,  t h a  . 
(1) Cerhaceow limestone, thick . 

OVEB~HOBT. 

Grey elstea . . PyrijsGbrt 
Talcose quartzites . 
Tolo-sohisto, etc. . . Q &nth, 

a 
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The evidence of repetition here, in conjunction with the other 
evidance, dispels any remaining doubt. 

I n  the sequence of these beds as given above, one particular 
diflerence in the two limbs of thc fold is worth considering. Where- 

as in the upper limb there are two bands of 
Complexity of the 

folding. 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 Shanlra and 
Punaar there is only one band, and that where i t  is seen more than 
once i t  is due to  repetition by folding. Though the large-scale 
recumbent folding is clear from thc distribution of the major rock 
divisions, each fold is in reality very complex, there being a number 
of secolldary folds developed. The disbgrarrl in figure 13 will help to  
nlakc this clear. 

- - - - - - - *  - 
Carbonaceous 

beds ---  ----  ----------' 
Boilcaugungc beds 

\ .\ b---  ------ --- 
L --- - Carbonaceous ---  -- -- -- -a beds 

h a .  13.--Diagrammatic rcpresentatioll of tho folding in the Jlltogh series. 

The thick line represents a yarticular horizon in the carbonaceous 
beds, say the limestone. Tho dotted liue gives the limits of the 
carbonirceo~is beds as a wllole. The comyletlc fold is shewn, though 
the left half where tlle fold is supposed to close is ol course up in 
tohe a n  and not fiecn. NOW if ;I ~ ~ l ' t i ~ i l l  se~tioil ] L ~ , ] ) I ) A I ~ S  to cut the 
band ae a t  A. A. then only onc hccl of lilncst,one is secn. But, if  it 
crtts it at B. 13. trhen three beds will lje s c ~ ~ i  i n  thc one section. The 
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former correspond8 to what is seen in the lower limb, muth of 
Bhamra; while tho eecond may reprwnt the motion eeen h v e  
P w r .  

Mention hae been made above (p. 77) of two bande of white 
marble between Nauraghat and hill 7020. The eanthermnmt of 

White marble be&. 
these crop out n w l y  half a mile d - m a t  
of hill 7096 ; it is some DO feet thick a d  can- 

taim orystals of green ectinolite, tremolitc and little grmulee of 
iron pyrites (361695 and 36/700). Alternat,ing q~~artziteg a d  
garnetiferous mica eohiats sel~erete it from another band half a mile 
eouth of Nauraghat ; this outcrop is broader than the former o m  
but is probably no thicker, since i t  ia somewhat folded. Horn- 
blende schists, clearly intmuivc into the marble, in some caw 
running wrom the strike, in othera forming thin etreake interbedded 
with it, are very abundant here. On the next hgh ridge running 
north and south, east of the one which we examined, Medliwtt 
mentions a band of coaraely crystalline white limestone near Charm 
(1864, p. 44). A similar band of white marble with trernolite m u r a  
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 nurble from the 
typical Jutogh carbonaceous limeatone at first r a i d  a doubt in 

- 

Probability that the 
our lnindu as to whether it might not repre- 

rnclrbleia merely sent a different horizon. It b, however, 
a local variant of the been found that the two rocks contain the 
aarbonaceoua limeatone. same accemory minerale. Further 'every 
gradation can be found between them, the white marble &on- 
ally pming along the h i k e  into a dark grey variety. Certain out- 
crops of the white marble contain thin black bands identical in 
appearance to the ordinary black limestone (36/969), while out- 
crops of the black limestone in their turn sometimes contain white 
bands. Associated with the marbles are thin beds which are alight+ 
ly carbonaceous, and would seem to corneapond to the much more 
carbonaceous slates associated with the black limcatone. On the 
whole we can hardly doubt that the white nlerbles royresent a 
special facies of the rnorc usual black liluest.one, and accordingly on 
tho map the two white marble bands and two bands of car- 
bonaceous slats and lirne~t~oile are represented by tlic mme oolour. 
On page 81 belo\\*, a tcntat ivo suggcstiou is offered to wxaunt 
for the absenco of the carbonaceous ingsdi~nt~.  

H a 
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It hae been shown that the carbonaceous zone of the Jutoghe 
mnrs in two main bends parallel in outcrop and eeparated by the 

Oioaing of a fold in Boileaugunge quartzites, forming part of e 
the white marble at long recumbent fold. It is natural to auppose 
~ s m g .  that the two bends of white marble represent 
another recumbent fold which lies over the former one. In  fact 
the aeoond 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, nznning beneath the south-east sido of Jarag 
village. 

STREAMS 
- =.>- - - - ,-,---- R O A D S  

\ C.- 

\ - W t l I T E  MARBLE 

PIG. 14.-Plan of tho neighbo~~rhooil of Didag showing the outvrop of the white 111a1blc. 

(9calo 2 inolles= 1 mile.) 

A sketch map of this locality is given in figure 14, as tllo " map is 
too small to  show the outcrop properly. The actual bend over of 
the fold can be seen very- well in section ou the road on the south- 
~ e s t  side of tho top of the spur, whore the rooks associated with the 
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marble can be Been in tho form of a sharp ov- agnaline, 
pitching to the E.N.E. 8ince the fold ia proved to cloae at thio 
point, the reaeon of the non-appearance of the marb!e further we& 
ie plain. An endeavour was made to join up the upper limb with 
the band by Nauraghat, but there appeare to ba no conhnoua 
outarop. It may be that the thin band hm heen s h r e d  out l d y ,  
or is naturally lenticular in character. A smell outcrop wae, how- 
ever, seen by the village of Sotaui, while boulders were f o d  
above the road, half e mile E.N.E. of Sebnyon (me figure 14). 

Now the roots of thie fold are obviouiely far diitant, that k fo 
say it ha8 travelled a long way from the north-wt ta ife preen$ 

poaitioa; thue it may conceivably have come 
Ponaible erplmation 

of the of the from an area for mme reason the con&- 
w b ~ o u e l e - t i n  tione thtlt produced the rarbo~lraceous cha- 
the whte mazble. rader did not prevail. T h i ~  explanation will  
eqeally apply to the rocks wociated with the lim&11ea, eo the, 
if oorrect, there is no reaaon to wonder at tho kct that the car- 
bonaceous ahtea and pitted aeh be& which occur eo charecteriticaI- 
ly with the black limestone are miaeing or ahoat so from the vicinity 
of the white marhle. The intermediate banded varietia wouM 
appzar to  represent deposition in an area in which the £&om, 
whatever their nature may have been, which gave rim to the car- 
bonaceoua phenomena, acted intermittently. 

We may thus reaaoably assume that there are two enpapaged 
folds of the eame beda, the one characterized by the predominance 

Probability of two of white marble which hfla been proved ta 
ouperimpoeed folds in close to the sout-h-west, the other c h a u -  
tho came be&. terized by the predominance of black lime- 
stone, which so far as our observations extend bm not been seen 
to close, although the small thickness of quart.eite between the 
two carbonaceous bands below Hnripur as compared with its much 
greater thickness between Dum-ke-Bagh and hill 8332 might point 
to a closure towards tho north--st.. 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, especia.lly aa the next fold but one ahove 
has actually been seen to close t,o the south-weat. The point, how- 
ever, will have t,o 11e left open until the niepping to the n o r t h 4  
of Haripur has been completed. In section, figure 1 on Plate I, the 
latter interpretation hne been aseurnd. 
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VII1.-THE OVERTHRUSTS TRACED WESTWARD INTO THE 
SIMLA AREA. 

(i) The Jaunsar thrust. 
We now return to  the country west of the Qiri which leads us 

on to  Simla. It was seen on page 19 that along the boundary of 
the ~ a u n & r  thrust the Blaini disappears 

The Jeunaar over- 
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, 
a t  any rate near the motor road between Kandaghat and Chail, 
since it is not always easy t.o distinguish between the basal Jaunsar 
slates and those of the Simla series. Higher up, however, t o  the 
north-weet, when the Jaunsar slates give place to  quartzite, the 

boundary is clear. It probably crosses the 
Gsotion on the Hirti 

ridge. Hirti ridge about a mile to  the south-east 
of hill 6474 and then descends gradually to  

the Simla motor road, which itl crosses a t  158 miles from Simla. 
It has been stated above (page 21) that the Jaunsar outcrop on 

mid above the Ashni is a synclinal overturned to  the south-west, 

Simls slates probably 
of which the highest beds seen are conglome- 

form the oore of a rates. No horizon much higher than this is - 

syncline in the Jam- seen as far as the railway station of Kanoh, 
Sam. but betweon this and hill fjlG9 a series of cream 
and buff 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 Simln. 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 
st milestone 144 f ron~ Simla, where we draw the trace of the Chail 
thrust. The only bed here which might co~lceivably be Jaunsar is 
a variegated schistose bed between the Chail phyllites and the Simla 
slates. Our observations farther to the north-west however lead 
us to  believe that this bed is probably a fault rock (page 99). Thus 

Great diminution in 
the whole north-eastern liinb of the Jaumar 

width of tho Jauneqr syncline has hecn cut out. The south-western 
c~lltcroP On both lirubs limb diminishes until a t  158 miles from Simla 
of the syncline. 

it3 outcrop is reduced to no more than 50 
yarde. Between this point a n i  hill 5605 a cross fault runs, which 

Jeunears brought in 
brings in the Jaunsars again in great force 

by a ,-roes fault. including all its typical members from the 
conglon~erates downwerd. It also shifts the 
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trace of the Jauzl~ar t b t  s quarter of a mile or m a s  fa the 
eouth-weet. 

The Gimls seriea occur a t  tlio vilbge of Wakm. A thin st- 
of limestone occurs in the ~htes  here, ndeworthy ae pmibly cor- 

~ u ~ r o p  of tb 8hle  revonding to the iluportunt outcrop i f  the 
end Blaiui aeriera at Nuldera liluestone to be mentioned l sbr 
W a h a  (page 113) which we believe to m i r  at the 
bottom of the 8imla wries. Near the nortlrern end of tbe v l k e  
the Blaini again comas in, consisting of two well marked bouldir 
beds with limestone between aa well se the b l e ~ h e d  elates. Thisl 
outcrop has beon referred to by McMahon (1877, p. 206). It hau 
been t rued  sr considerable way up the hill to the N.N.JV. and thoiqh 
not recognized on the ridge itaelf is Benn below i t  on the mmo Btrike 

At Chiama. 
at the village of Chiama. The boulde~ bed 
w a ~  not rscognized hare, snd tho lim~stone 

itself is patchy and Boon dim out, not being Becn in the bed of the 
river below Kashmari. At C'hiama the Blaini no longer reate on 

Blaini uncunform- the S d a  d a h  es rat W-akna %ut on the 
able on the Jannear J a w r  conglomerate, clear ovidence of s 
conglomemte. great unconfornlity between the Simla and 

Blaini wries. Above the Blaini, horizons of the Jaunsar 1nuC.b 
lower than the conglomerate aro eqjoecd, which are thue thrust 
over the conglomeratte (Jaunsar thrust). 

The Jaumar thrust now rapidly approaches the Chsa thrust, 
until at the village of Ghund it  vallishes entirely, being overlap@ 

The Jeunosr thmst by the Chail thrust. k o m  here for a long 
at Ghund overlapped distance to the north-weat the Chaila are in 
by the tbm8t. contact with the J a u m r  conglomerate in 
direct con t in~ t~ ion  of the outcrop of that rock a t  Chhma. Whether 
the Jaunsar thrust ever reappears cannot be stated with certainty. 
The poseibility that a thin outcrop of quartzite close to tbe C .  
north of the Kuni river marks the trace of i t  is diecussed on 
page 100. 

Let us now return to the Giri valley and trace the J a ~ r  thrnef 
tower& the north-we&. We ahall also describe here the under- 

The Jeunscr thrwt 
lying beds. It hes been m n  above (p. 19) 

N.w. of the Oiri. that to the narth-mt of Karganu the Blaini 
moa9s the Giri. dipping north-wt under the 

Jannsar beds ; and that o w i q  to  the dip changing to the south- 
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we& ths Blaini and Simla elatlea reappear further up the river. It 

Synclinal fold of 
is this outcrop of -the Blaini which we will now 

Bhini in the airi river show to be cont,inuous with the Blaini at Simla. 
n a r  K ~ ~ e n u *  over- On the Giri it is overlain by the Jaunsar beds, 
t h r h  by Jaunssrs. 

from which it is separated by the Jsunsar over- 
thrust. We have already described (page 23) the way in which 

the Jaunmr beds die out rapidly when follow- 
nging out of the ed north-east from the Giri, so that they 

Jaunaere on both 
aides of the Giri. are entirely missing at Rana Ghat. The same 

phenomenon is seen in the oppo~it~e direction. 
The Jaumar beds occur in great force in the valley of the Baget 

above Lakhoti, and on the Naog-Nohan spur they must be quite 

Idthoti end the 
1,500 feet thick, consisting mainly of massive 

Neog-Nohan epur. 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 i t  seems that the greater part of the quartzites 
are the h a t  beds to vanish, i.e., the uppermost part, of the Jaunsar. 

On the Balog spur, near Panhoti, the Jaunsars cannot be more 

Balog spur. 
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 i t  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 Bleini fully deve- Kdr i  road they are seen in their full develo'p- 
loped from the Giri to ment ; but beyond this point they become 
the Chei'-Kufrir.oad. 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 - 

of the outcrop we find the' usual succession 
Kiar to ~011th of 

Panhoti. of beds within the Blrtini, the limestone over- 
7 ---- ~ - -  

lying the two boulder beds with the bleach 
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dates in between the latter. For a ehort clhhmoe, from K h r  to 
south of Panhoti, the lower boulder bad hi missring, and it is then 
not always eaey to fix the boundary Letween tha Blnini and the 
underlying Kmla slates. Typical of the whole outcrop is the way 
in wbich the bleach slates are always seen to be very contorted, 
while the bede above and blow seem to  be ul~affw.ted. A very 
good section is to be eeen in the perpendicular cliffa juRt under Dbaar. 

-4t Dhar. 
Here all the be& are well developed, and 
total a thicknese of eome 380 feet. 

Further north-errnet, o w i ~ g  to the configuration of the ground, 
the Blaini outcrop is very irregular. It fo-ms the greater part of 

Spur S.6.E. of Koti. 
the spur that mans S.S.E. from Koti on the 
Chail-Kufri road, though the highest parta of 

this spur are capped by Chail beds. All about here the Blsini 
limeatone is conspicuously developed. An outlier of Blaini o c m  
on hill 7058, but the upper boulder bed and limedone have been 
denuded. 

Two cm-faults  af ic t  this area, both having a downthrow 
to the 8.8.E. The more eoutherly one is easily deteded from the 

Crees-faulting. 
way the small outlier of Chail bede, forming 
hill 7191, is repeated further down the spur ; 

and also by the repetition of the lower boulder bed east of h'in. 
The more northerly one ie revealed by the sudden displaoement 
of the Blaini limeatone. 

Continuing north and west, before the onfcrop reaches the 

Attenuation of the 
Chail-Kufri road i t  hrae lost both the limestone 

Blaini. and the two boulder beda, and along the mein 
Rea1'Pearance of the road only the bleach slates are seen. This poor 

Lower Rlaini boulder 
bed at Bhalhodi. development continnee for a long way, unt,il at 

shalhodi the loner boulder bed reap- and 
continues now all the way to Simla. 

In the Ashni river s good section is seen on the right b a d .  
Here we find the lower boulder bed overlain by the bleach elates. 
the latter being about 70 feet thick. 

Down the Ashni the Blaini M a  are eucceeded down Bfream 
by the Chails, puckered and mmetimes csrbonamua phyllifee. - 

Inlier of Blain] anlong About a mile below the bridge, however, a 
the overthrust Chail change of dip to the north-eaet brinp up the 
series. undeilying ~la ini  again for e short distance. 
This inlier extends for some way up the tributary from the esrst, 
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south of Chaunri and here both the lower boulder bed and the under- 
tying Sirnla slrstes are seen. 

Beyond the Ashni the outcrop of the Blaini ie not so simple; 
for, owing to the development of an anticlinal fold in these beds, 

the outcrop bifurcates, one branch running 
Bifurcatioll of tile up to the north-east to join up with the Simla 

Blaini outcrop due to an 
mticlind fold. outcrop, and the other running north-weat 

up the Sunal valley. 
In the Aehni the Blaini beds clip at about 30" to the south-west 

beneath the Chail series. On the Junga-Kaaumpti 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-weet. 
This sharp antiolinal 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 
Llle BIaini ends at Kuw- Ktzmrtra, a fine clevelopment of the limestone 
am. 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 lcft 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 

tinuorle t'o 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 bede, i t  
will have become apparent that there are tmo different develop- 

A double boulder- ments of these rocks. In the Solon area we 
bed not, invariably find that beneath the Infra-Eirol the Blaini 
present the 'Iaini. consists of a band of pink limestone overly- 
ing a boulder bed. In the Simla-Chor area, however, while there 
is the uua1 band of limestone, beneath it there are two boulder 
beds, which are separated by what Oldham termed the ' bleach ' 
slatse. Thsse two developments overlie typical Simla slates in 
both areas. 
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When. the h b l e  boulder bed w.a fht w n  at D u b ,  tbe 
suthore were d i s w  to r e g d  it u evidence for a - l id  fold, 

Alternative expbna- induced beneath the Jaunesr o v & M ;  
tionr of the duplioation and they thought that a a i m h  interp& 

the bO*der tion might be applied to the mme dsv+ 
ment of the Bl&i at Simla. Since then, however, the intervening 
and adjacent are&8 heve been mpped, and there now ap- fo 
be serious ditlicultiea in the way of accepting ihie view of the dime 
twe. 

In the h t  place the limestone is never Feen repeated baneeth 
the lower boulder bed. If the repetition of the boulder bed hsd 
been due to  folding, then one would hare expected a re+- 
tion of the limestone. It might be suggated that ite non-appear- 
ance is due to its having been sheared out in the lower limb, ar 
that it has died out locally. But it is remarkable that it should 
have done so in every eection. We have now mapped the Blaini 
beds continuously born Simla sout,h-eastward to Badgale abwe 
the Giri; and throughout this area, a direct distance of 22 mih, 
there is never a repetition of the limestone, while the lower boulder 
bed is seen the whole way except for about a mile juat west of Balog 
(p. 85). Moreover, throughout this 32 miles the Blaini beds do 
not vary greatly in thickness ; so that unless the fold i~ one of 
most remarkable flatness, with no sign of ever closing, it seem 
likely that we tare dealing with a normal succession. 

We are thw driven to conclude that the two boulder be& are 
different beds, due to a repetition of the m e  morainic wnditione 

or whatever it was which gave rke to their 
Concltsiom. 

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 conaider for a moment the beds which underlie 
the Blaini. Throughout more than half fhk ama from $he Giri 
river to Simla, the Blaini r a t s  directly on the Simla slates. But 

Puzzling ocuurrence 
for about a third of the way we find an 

the Jeunmre between O U ~ C ~ O P  of the Jaunsar aeries intervening 
the 8imL data .nd bsfweei the Blahi and &mla iwrks. ~ h &  
the Blalni. can be little doubt that these bedm am the  
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J a w a r  wries, for they include massive white and sometime8 
purple quartzites, conglomerates both massive and crushed, and 
purplish phyllitea. To the south-east these beds first appear above 
Piren, 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 
At Piran and Pejel. 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 pecu!iar green slickensidmg which is so characterbtic of the 
Jaunaar bGds elsewhere. The slaty members commonly show s 
cleavage oblique to the original bedding. On the whole there can 
be little doubt that we are dealing with an outcrop of the Jaunsar - 

series. Their peculiar position, however, needs explaining, acd 
the point will be discussed further on (page 119). 

These Jaunsm beds are not seen beneath the Blaini above Tar- 
hai, and they evidently die out somewhcre north-east of Thund. 

But- on the north-east side of the Blaini out- 
N.E. of Thund and 

Tarhei. 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 me n i t  
Chail-Kufri rond. common. 
On the Chail-Kufri road the wall of the road by the 10th mile- 

stone is made of these rocks, and they are 
Khader. also well seen on the Koti-Simla road, above 

Khader (371631). In this direction also, however, they die out, 
and by Shalhodi the Blaini is resting on the 

Shalhodi. usual Simla slates. 
Be~ides this outcrop, a capping of these rocks is found on hill 

7225, including a bed of crushed conglomerate (371626). In the 
Chakhred Xhnd the Simla slates are in full 

Chnkhred Khad. force. But higher up to the north-east these 
rocks are overlain by the Jnunsar-beds again, the beginning of an 
extensive outcrop, the significance of which will be discussed further 
on (page 119). 

(i i)  The Chail thrust. 

~h~ Chail ueries 
We will now describe briefly the Chail rocke 

between the Giri river as they occur between the Giri valley and 
Simla. 
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In the oonntry thaf oooura between the Giri and Ashni rivans the 
Chsil b& are -very well developed, though the lowest betin us 

The talo-schist band. 
generally miseing. Above the Giri, the talc- 
e c b t  band is very typically developed m 

both the south and north sidea of the Chail-h'wg spur (37,'&19), 
varying from 30-ti0 feet in thidcnesa. Fmtbsr 

Panhoti spurs. north-weat, hom~ever, where it IXOM the 
Pmhoti apur by the road from Juned, it ie scsrwly recqpbble, 

though the wmiated blue silvery quart* 
Chail-Kufri r o d .  scbieta are typically developed. Nor is it 

again properly seen mt i l  one reaches the Chail-Kufri road, between 
7 and 8 miles from Chd. 

we have previously noted, the Chail thruet  cut^ out the 

C h a i l  e e r i e a  Jaunsar thruut in the neighburhood of Dhar, 
directly thruet over and from that l~olllt northwards the Chad b& 
the Blaini. rest directly on the Blaini. 

Beyond the Chail-Kufri r o d  the talc-schist band can be traced 
~~ntinuously to near Junga. All along herc to the eouth+mt 

Tdc-achiet band n a r  of Jmga it i8 typically developed. Beyond 
Junga. here, however, it quite dies out, though the 
junction which i t  marks between the ChGl yhyllitea and the 

Die8 out. 
overlying blue quartz-schists is always quite 
cleaz. 

Now the Chail t h m t  crosses the hhni about half a mile above 
the bridgc on the Junga-Hasurupti road, in accordance with fhe - 

Talc-schist band does pm&ing  10; south-a~sterly dip. The hod- 
not reach down to the zon of the talc-echist band, however, never 

of the river' CraQBes ; for south-west from Junga the & 
become horizontal, u.nd further on, west of Chail, a gentle north- 
easterly dip sets in. Instead, therefore, of mosaing- the Admi, 
this horizon is found at  nearly the same level for a long way on both 
sides of the river. On the south-wt side of the bhni  it runs 
south-weat and then south-east, so as eventually to  join up with 

the point where we stated on the wuth aide 
Donu. of the Chail-Xsog spur. Along this line the 

talc-schist band itself comes in near Donu, and continues in force 
from there to the south-east. 

On the north-west side of the Ashni the Chad rocb, including 
the tslc-schist band, are well developed along the ~ u n ~ s - ~ e a n m ~ t i  

road. The talc-schiets am seen j u t  below 
J a n g a-Kseumpti 

f08d. Beole, and from here they csrn be traced to 
the north-west ee far ae Nahers, beyond 
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whish p i n t  they are not well seen, though the horizon they re- 
present can be followed. Ocaasionally the talc-schists themselves - 

are Been, as e.g. about a quarter of a mile 
Kalka-Simle motor 

road. north of Yan, a t  about 4,600 feet. The band 
eventually reachm the Kslka-Simla motor 

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

This band can also be followed along the east side of the Ea- 
sumpti-Beola spur to as far as  below the- east side of Chhota Simla. - - 

It was lmt seen just above Chhachru. It is 
Kmnmpti-bola Rpur. 

possible that i t  continues further; but around 
the headwaters of this nola, below Barnes Court, nothing can h 
seen in situ, the ground being covered with dipped masses of the 
Jakko carbonaceous slates. 

In describing the distribution of the Chail beds, emphasis ha8 
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 
eame time, we should point out that throughout the whole of this 

area i t  is underlain by the usual puckered grey 
Gradual disnppear- 

anm of the upper be& phyllites (361929 and 37/647), and overlain by 
of tllo Chail 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 in situ just here. 
Anyway, further north, by Shapnhan, where there are better exposures, 
the talc-schist bed is quite missing, and only the lower C'hail phyllites 
separate the Blaini from the Jutogh be&. - 

The Chail series evidently never quite dies out, and a thin band 
seems to run right round ~ a k k o  tb Chadwiok spur. 

T ~ C  C'hail series We will now return to the Ashni river and 
n0rt.h-westward from trace the Cbail tllrust to the north-west, at  
the Ashni river. t,hc same t:imc noting the charact'ers of the - 
Chail series as they have been ohservetl in this area. 

In the A s h i  river close to where t.he mule trscli to Chltil crosses 
i t  the Chail puckered phyllit,cs rest on some  oft mottled slates 

intensely carhonaceoua in places. Thc latter 
the Xnhni rivcr. are refcrrcd to thc Jaunsars, and above them 

we draw the trace of the Chail t h t .  
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On tho hhni for the k t  time we arc intradud ta a horizon of 
the Chaile which ie older than the puckered phyllittll. They da not, 

LOW& ~ O ~ ~ Z O I I  of the ' P V  from bcneath the puckered phyllitm 
Cheil aeries; rrlstes and untd at lcaet 8 quarter of B d c  north of 
limestme. the bridge whcre they ~ e e m  to occur JU a 
shallow dome dipping under the phyllites on all sidee. The M e  in 
question are dark-grey carbonaceolu dates and perhap are hardly 
more than 100 feet thick. Their appearance is quite different, from 
that of the Chail b& which have h e n  previously described, and 
in addition they show a feature which i~ to become of coneiderabb 
importance further north-west. This is the occurrence of one or 
more lenticles of cream-colaured limestone, clearly interbedded 
with the elates. It resembles the Blaini in appearance, and were 
it not for its being so clearly interbedded with the Chails, ns well 
as on account of the occurrence of lhcatone in a similar pi t ion  
farther north-west which is certainly not Blaini, a doubt might 
have been entertained aa to its true correlation. McBiahon (1877. 
p. 205) mentions the murrence of 60 feet of lime&ne in the Bed 
of the Tandalail stream near Badun and again h e e n  Badun and 
Basna. The authors, unfortunately, failed to h d  McMabon'e 

At Bedun. 
outcrop, though they saw a boulder of lime- 
stone in the locality and in the same beds as  

those containing limestone in the Ashni. Thie boulder was banded 
and resembled exactly limestone found in a aka.ilar position at the 
base of the Chails born Gandrori almost to Halog. 

We were no more euwe~sful in finding i n  seiv the limehne on 
the Simla motor road referred both by B!dEcott (1864, pp. 36, 37) 

limeatone on and McMahon (1877, p. 206) to the Blaini. 
the Kalka-Simls motor There are, however, bouldem of a blue lime- 
d. stone 14f milea h m  Simla both above and 
below the road, cloe to the trace of the Chail thrust, which we have 
no doubt is the limestone in quation. McMabon, it is trw, sfatd 
that it watl 132 miles horn Simla, but it is probable that the n>ad 
hae been made to follow an easier and more circuitans CO- 

faulb 
since McMahon's day. The o u b p  has very 

Variegated 
rook (1).  likely been covered up hy debris produced 

in the course of road con&~ction. Oldham 
(unpublished report) did not ron~ider t.hat it aeaa Blaini, a ~ l d  we 
ent,irely agree 114th b h .  

Between the puckered phyllitcs and t>he Blaini a peculiar v&e- 
gated ~chistosc =Ii occurs containing fragments of a grey shh. 
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ThG h been found in several localities in the same position, and 
we are unable to decide whether i t  is a fault rock, or a thin remnant 
of Jaunsar (see pages 97-99). 

In this locality the boundary of the Chaila itl uncertain to  the 
north-west of the motor road, since we did not follow i t  very far, 
and cannot be sure that i t  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 a t  Gandrori in a precisely similar posi- 
tion, associated with the variegated schist, and interbedded with 

slatea, which leave us in no doubt that it 
At Gandrori. belongs to the basal beds of the Chails. This 

Iimestone is finely banded, like the bouIder seen a t  Badun and this 
is the moat characteristic type met with in the Chails ; a t  the same 
time the Chail limestone rta seen in its many outcrops presents a 
very varied character, being somet'imea coarsely banded and aome- 
times not a t  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 Gembhar to the lenticle~ range in thickness from an inch or 
Kuni rivers mapped by two interbedded with grey slates up to  50 
Mohtahon as Blrtini. 

feet or more. It is this limestone which 
McMahon has mapped as Blaini (1877) from the Gambhar to  the 
Kuni river associating with i t  the Jaunsar conglomerate which he 
identifies with the Blaini boulder bed. It has been stated above 
that from Ghund onu~ard the two are found in contact or nearly 
so, only separated by the Chail thrust. Medlicott also (1864, p. 38) 
has identified the Chail limestone and the Jaunsar c~ng'omerat~e 
on a portion of this outcrop below Sairi Hill, 5206, with the Rlzini 
aeries. 

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 clevelol~ment of the limestone in this men is 
between Bakesu and Mamlig. North of Sharer it, becomes insign:- 

A t  Bakoeu and 
ficant in amount though its associated beds 

Mamlig. are present, and its last occurrence is on the 
Halog ridge mile N.E. of the post office. 

From here on to Simla tohere is no limestone in the Chails, nor are 

Dying out  of tho the slates present. The variegated schist ia 
C'hail limestonr between often present but i t  is in contact with the 
Halog and Simla. puckered phyllites, from which we concllide 
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that it is not a bed in the Chsih but either s fault rook or a remnmut 
of Jaunsar. A ~trongly c a r b n s ~ ~ ~ ~ a )  bed wes e n  near Dmhe 
almost at  the t h t  plane, which is reminiscent of the one mentioned 
above aseociatxd with limeatone. 

Between the limetatone with its associated  lam sod the ptmlet- 
ad phyllitea there often uoow. aome thiclrnsas of mottled lavender, 

3iottletl .sc.hicjt.tr*c* 
red and cream wft whtoee hteu. Tkaw 

Hitttes ahuvr the lime- were particubdy no-ble a t  Bakeeu, we& 
strbne at Hakesu, h i r i  of Behi and between Kwitrwi and ska.  
and Sharer. 

Regarding the structure of the Chail outcrop iw a whole in this 
area, there s e a m  Little doubt that it ia a syncline overturned to the 

The L%ail cn:tcrop 
weet or south-west, of w b h  the nor&- 

an isosynoline. eesfern limb is m.kimg to a grwter or lem 
extent. The hgheet beds men are qurtz- 

schists and massive quartzites. The latter are only wen on the 
highest ground. They were @c&ly well seen on hill !XI64 

nearly a mile K.E. of Sairi. Here they yasa 
Uppermost Chail 

quartzites. on either aide into quartz-schists and then 
into the puckered phyllitm, but between 

these two sets of beds there is no aign of the talc-quartz-echiet ; 
but in this area this bed is much more inconstant and less clmrac- 
teristic than is the case in the Chor area. Feeble expoeuFes of the  
massive quartzite were seen on the Simla motor r o d  at milestone 
12P just south of Kathlighat railway station. Quartz-&ts 
occur on either side of i t  and on the n o r t h a t  side of them ie what  
the senior author took to be an uncharacteristic e x p u r e  of the 
talc schist; a more characteristic one was seen on the eouth-weat 
side by the 14th ~nileetone. Along the motor road we now paee up 
the south-woet into typical puckered phyllites which continue on 
to the Chail thrwt at 1 4  miles from Simle. North of Kathlqhat 
station the puckered yhyllites are not a t  all typical. Thrust over 
them is an uucharactedsfic exposure of the carbonaoeous zone of 
the Jlitogh seriea. 

Another feeble expure of mwsive quartzite in the midst of 
quartz echiats WM seen at Manjat, about 3 mile north of the Pateri- 

Repetitic)n of the 
Ira-Deo, 8 tributary of the Kuui river. On 

hlc-schist baud and the either aide of thW0 bdll a zone of cham- 
puckered p h ~ l l i b ~  te&tic silvery t e ~ m  quartz scbieta ; and 
nort.11 of the Pateri- 
ks-Deo. both on the w 8 ~ h  aa d aa on the mat~1.n 

side of thew are typioal p h d  phyh-, in 



the former csle at&btul, in the latter between the Pateri-ka-Ueo 
and KrrflerrJ. The evideuce for repetition of the beds eeerus to bc 
perfectly clear. It b jwt yoesible that somewhere against the 
Jutogh thruat the U h d  limestone and slate zone may be reached. 
Nothing d e h i t e  can be stated as to t h b  since the junction between 
the Ch& end the Jutoghs was not actually seen here, and thc 
boudary has only approximstely been mapped in. 

Borth of the Kuui the Chails begin to thin out and become rather 
1- typiwl. The basal h e s f o n e  and slatetl are overlain by pucker- 

Thixuliug out of the ed yhyllites, but these are o k n  paler in 
(;kailu betwmn Hulop colour than is the case iu the Chor area, and 
snd 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  trike has elitirely bent round, the Chails thin 
out rapidly, ulltil a t  Gherog there are only about 160 feet left, 
cousisting wholly of the grey or lavender puckered yhyllites. On 
the Chadwick spur about 19 mile almost due north of Viceregal 

A d ~ g h t  ~ swnsut  . Lodge, S d a ,  some 50 feet of the Chail phy- 
p ~ e ~ t ~ t  ovcrywhere in llites are clearly exposed. Oldham mapped 
a~rnle. theae herc, as he has done in every other caee, 
with the Jutogh carbonaceous beds. On the north side of Jakko 
llill, Chail phylhtes are seen in cont,act with the Blaini on the Snow- 
doll road and are found for tl distance oi 30 feet; above it. It is 
probable that a remnant of them exists everywhere betwccu the 
Jutoghs snd the Blaini. 

IX.--OUTCROPS TO THE WEST OF THE CHAIL THRUST 
TOWARDS ARK1 AND SABATHU. 

wo Shall now consider the outcrops which lie to the west of 
the ~ h d  thut in the area between Halog aud the Simla motor 

Outcrope went uf tnd r o d .  Only partial traverses hsve been made 
C h i 1  thruet. here and there in thia h c t i o n ,  and the 

boundaria on the may are therefore almost 
entirely approximate ; but the general structure seeme dear. 8ome 
of the outcrups of Biahi put ia on hllc western margio of the map 
U Q  iu accorduiiac with what can be deduced irom i k l e ~ c ~ t t ' ~  and 
U~Mahon's o ~ ~ v a t i o n s .  



It h u  been sistd (page 83) that ff~ru &be pint whexe~tl~a Jnun- 
scrr tkrust vanbha irom rsight neat tilund, Jauwu c o ~ l o ~ c b l a a  

L(plintory slam torrs- 
a d  quart~tw are lu coutwt  with tbt, L w l  

Iatecr wiw  be t l ido.  Cbih  a6 iar  IS ~ ~ I ' c P .  Ursddyw &eb#: 
1Jater. are P wriu of ~pi iutwy &tea, g~ner#Uy grey, 
occtuionally purple or cream. Thc~e bear all extraoWily ekrse 

- - 

rawmblanco, on, the o m  hand tu the beds Jw;riLd ou thr: Huti 
rihe ahvc  Guigbc~t, ~ e p ~ a t m g  the h~miti m t ~ r  i r ~ m   he 
railway, (page 4321, arul on the other hand to the k d n  undcrlyiug 
the Blaini =ria between S d e  and &log, which have teeu m k t -  
ed as the Srmla dab ; we, therefore, have little haitation in 
reg* the b& in queetion in dl these a r a a  tls euch. The out. 
'crop we are now coneideriq &ow8 of be1q.j indedy  foldal, 
but fdLB average dip is to the wt or north-wt. 

During a traverse made dong the rowi from K&i to khbetlu, 
where the rnwt comy~lete examinartion of t h e e  lPOdB ww d e ,  8 

m a l l  outcrop ol Sabathu limcstonc and a h a h  w w  men io tbe 
Subathu M a  at 8pllntery ebtw imrnediakly i;o the eaaf of 

L)och or1 tha S L I ~ I -  hlU 4060. This ie ~ndo~bbdrp the o~t;lerop 
Sabathu rued. mentioned by McMlrhon (1877, p. M) 
near Dochi and doubtfully referred by him to he. Blair.& &ot 
ouly, h~wever, is the limeatone of a blue cuiaux, but it txrntaina 
poor sectione of ahelk and i~ in contact with typical Sahthu Bhalea. 

Newly the whole of hill QCHiO a d  tihe W e r  p u n d  to $be 
north and south of it is composed of thc tykicat J s w r  q l o -  

merate which &pa under the Shia  sphtery 
Jrrutlsar conglomo - 

thnlst over fold4 grey d a b .  111 contact with the J aurwr 
ouhW1) of Blain' and cou.glomer&te in several places, tho@ often 
Idre--1 : ( 1 )  tho Glri 
tkw~t. with u t b r d a u t  dip, iri the typical B,rrrni 

' boulder Lcxl a~d kzunhtc?ly below ~t is the 
l3iaiu.i crcau lunerrtone. The U b  hestorre followed by the 
boulder Lcd crops out agtriu ou the road about .; rnlk M.S.&. ot 
hill 4 W ,  and between the two outcrop of B h n i  the typical 
Inha-Kn>l  bed^ me expod,  pale \vhitA: or cream slrates with gr,t.Cy 
ban&, considerably contorted. Beyod the somud band of Biahi 
rrre agtrin M a - h o b .  Medhcott (1864, p 55) sbtes that the B l a h  
ia severel tima rep&ed both between Ha& (liuahuj and the Saki 
hlls, about Bil and on the spur north ol Hariyur. Mchhhon's 
observations (1874, pp. 207, 208) enable uer to put in epprox- 
imatoly a third b a d  of blah to tke wwt 04 t.lre two C i ~ ~ b e d  
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above. The junction between the Bleini and the Jaunsm is un- 
doubtedly a faulted one, and we suspect, if followed to the south- 
&, would prove to be the Giri thrust plane. Both the fall of 
altitude as well ae the south-easterly pitch of the folds have con- 
tributed to the hppetarance 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 

Tho outcrop west of 
the intermediate folded splintery grey slates 

t,ho Chaila an iso-eyn. leave us in no doubt that, like the Chail 
canal of ~ t a ~ n a a m  outorop, i t  is a ~yncline overturned to the 
Simla ~1et.w. 

weat. 
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 tlhe neighbourhood of Chiama and Wakna 
an anticlinal fold must succeed the syncline on its eastern side, in 
order to briug in the narrow bands of Blaini. The great thickness 
of the ~aunsar  conglomerate a t -  Chiama also sugges6 that it is a 
double band. 

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

The double band of 
Sharer and Banjen. The limestone a t  Sharer 

Blaini mapped bp has already been stated (page 92) to belong 
MoMa,hon between to the a i s .  There is no sign of a 
Sharer and h n j a n  not 
ooniirmecl. second band of limestone anywhere near 

Sharer nor was any other formation seen to the 
west of the Jaunsur conglomerates and quartzites except the grey 
clplintery slates of the S h l a  series. We gather from his omission 
of village names between Sharer and Banian that McMahon equally 
asw ni lime~tone between thase two piaees, so that the mistake 
arose from a too rcarsh interpolation. 

To the north of Sharer the interpretation of the outcrops between 
the Chail thrust and the Sirula series is dificult. I t  will he simplest 

O U ~ C K ~ ~ Y  \~c,ut r ~ f  thc to give the details of a series of sections in 
Chai! tlkrust bettwccr~ different localities, and then state the deduc- 
Shamr and klal(Jg and tions which we draw froln them. 
onward to  Simla. 

The J a u m r  conglomerate, a t  any rate in its typical form 
seen at Sharer, has disappeared when the Kuni river is reached. 



OUTCROPS WEST OF THE CIIAnr TlXSU1ST. m 
A mall outmop of quas6tife end dark grey alate bere occmr blow 
the Chail limeetone and slate. Tbis h wtmmed to be Jauaaat. 
At Ghech leae than # mile north-north-wetst of tbe Runi the fol- 
lowing suwsion ia m n  below tho Chail pbgElih. 

Chair phyltitas. 
........................ 
Pak-calc~urcd ulatea 20 ft, (7 Rlalni blear*h alatep), 
C r e ~ m - c o l o d  limestone 8 It. (7 Rlaini lirnastone). 
Grey non-fimile slate without boi~lden, ( t p  Hlaini lmt~ldcr M). 
Purple and gmy elates 80 ft, 
Mesaive quartzite 10 ft. 
Grey splintery ~letm (Situla e~rior). 

At Pan ka Ghat little more than mile north of thie we finn in 
dwending sequence 

Chlril a l a h  witb inbrbdded limoetcmc. 
......................... 
Varieg&d mbistoee bsd wikh qua* m d  date fmpents 10 fL 
Qdei te  wi th  tiny pbblee 5 ft. 
Femginoas U t e  10 ft. ( h h t h u ) .  
Mottled e l a b  30 ft. 
Brown end purple micaoewe ezbndstwle (Rmla cries). 

A t  Bandla nearly f mile north-mrth-west of Pau ks Gha~ we b ~ s  
('hail dark date3 with limestone bad@. 
........................ 
Quaztaite with m a l l  pebblee 16 ft. 
Blue limestone (flththu) 6 ft. 
Red piaolitio laterite (Snhethu) 10 ft. 
Purple micawma andstane (Eiwls eeriea). 

At Jdog mazly 3 mile north of Ban& 
Chail puckered pb~llitea. 
........................ 
White quartzite 6 ft. 
Phlitic latcritc 10 ft. (hbatbn). 
Purple slatee (8irnL aeries). 

At D h l  1i milea N.M.W. of Jamlog 
Chail dark bluisll grey filat.0~ with inbrbedded lim-e. 
........................ 
WhitP qoert.dte 20 ft.  
Variegated did.. 
Pink lilneetclac (Rlaini) 30 ft. 
Pulple and gey dates (Sirnla seriw). 



At Pallaini aha* # mile N.M. W. of Dharel 
Chail alnhe with Interbedded 1inlnut.t)nc. 
........................ 
Variegated sahist 80 ft. 
Rrown femginoulr m k  10 ft. 
Grey non-dwile dates without houldem 10 ff. (? Blaiai). 
Cream and reddish eplintery aletea ( ?  Blaini). 
Purplo and grey dates (Simla seriee). 

mile N.N.E. of Pallahi Ghat below Piroi 
mail beds (oxpomr~ bad). 
........................ 
Dark blue limeatone (6ubethu). 
Brownish eandy limeefone ( t  Blaini). 

On the Piroi col f mile north of the lmt locality 
Chail phyllitos 
........................ 
Variegated mbist. 
Whit0 quartzite. 
Ferruginoue bed with pelleta 1 ft. (7 S~lbathu). 
Pink limestone 5 ft. (Blaini). 
Crey non-tissible aletee without huldem ( ?  Hlaini). 
Red and croam splintary alates. 
Purple and grey splintery alatea (Simla eerieal. 

Kufri, on the Ghorap epur mile W. of Hslog. 
('hnil phyllitas witill oconaion~~l I)rown fern~ginonn impure limrstt nc.. 
........................ 
Vnl<cgater1   chi st 20 ft. 
Whih quartzite 20 ft. 
(Irny "on-fiasile   la tea withoh Imuldera (P Blaini). 
Gray sll?i~tery ?Iatcs with concretionary strnctllrea (SimIn sp~ies). 

Jubar 33 milea S.E. of Halog. 
Chnil phyllites. 
('hnil c,trbnnnnc.o~~s sahifih. 
. . . . . . . . . . . . . . . . . . . . . . . .  
Varisptr.cl sclii.sl. 
While cluartzlto. 
Cwa111 Iirneqtnrie ( 1 3 1 1 i i t ) i ) .  
I)@rk 1)rc,w11 c1:i.v. 
Grey non-fiwsilc xlntert wif!lc)~~l~ ht~~~lclrrq (?  13laiqi). 
Red and cream ~lulos.  
Grcy ~plin'cry s l ~ t r e  fFim 1:) *el iea). 



Panti about 1$ mila S.E. of Jubar. 
Wl phyllih (nd well expad ) .  
........................ 
G n y  jointed data 
White quartzite 10 ft. 
Cream limestone 6 ft. not seen an the ridge (Blaini). 
Whitish .latea 60 ft. (EM). 
Grey data with bonlderra 16 ft. (Blaini). 
Purple and grey qlinterp ahtea (W eerie@). 

Chadwkk epar, If miIa north of Viceregal Lodge, 8imlrr, 
Cheil phyll i i .  
.......................... 
V&eg~tad sohisf a d  ahale 6 ft. 
l&umtam?3ft. (&id). 
Grey mbmceoua soodstone t 4 ft. 
Qrsy splintery dates 10 ft.. 
Red aletea ? 3 ft. 
Limeetone 10 ft. (Blsini). 
Whitid dates 100 ft. (Blaini). 
Gmy slate wi th  boulders (Blaini). 
Grey and purple eplintely dates (Simla esriea). 

From the above sections, and from obsematione which have 
been recorded elsewhere, we map come to certain I onclusiane :--(I) 

Conclue~on~.  
that the variegated schist is not s bed belong- 
ing to the Chail ~ e r i e a  eince it is not m i a t a d  

invsriably with the same beds ; (2) that it waa not originally strati- 

The variepstsd   chi at 
fird with the white quartzite although it often 

pmb8bly fault rmk. occurs with it, b w a w  it often is found in 
aectionp when: the white quartzite is abeent; 

(3) since it is invariably found clo~e to a &rut plane and since it 
contains frsgmenta of and other rock it probably represends - 

Thin band of white. a fault wnglomemte, (4) the white qnartEife 
quart~ita prohabl? is probably Jannsar since no d r  rock is 
Jaunear. knokn fr& either the Cbdq or the Sim'a 

seria ; moreover it. nppeam to be ochonally pebbly, indtinp a 
romparison with t.he Jmlnsw conglomerate. 

Since the white quartzite omurs in approximately the aame 
position and on the same strike tm the J s w r  conglomerate, where 

Stratigraphical re- 
the latter WAS Seen at Sharer we are tempted 

latione .of the \\-hit<\ to re~&rd it the aame bed on the eastern 
P 

quartzite. limb of the syncline. There ia a difference. 
however :- nut.cmps of Bleini and Subathu frequently m p m k  
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the white quartzite from the Simle slates. We already have evi- 
dence from the Subathu outcrop between Haripur and Sairi and 
from the continuous j~nct~ions between the Blaini and the Simla 
elates both a t  Simla and to the south-east of it, that both these 
beds rest unconformably on the Simla  slate^ and, in thc former 
case, have proi~ably been pinched in by i t  in folding. It seema to 
the authors more likcly t.hat the white quartzite is a remnant of 
the overthrustiug portion of the Jaunsar, which was overlapped 
by the Chail thrist  a t  Ghund and has now appeared from beneath 
it. The Blaini a t  Gheuh will be an unconformable deposit on tohe 
Jaunsar, alt.hough 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 nbt conclusive, and that the Jaunnnr thrust 
may possibly not again reappear on this side of Simla. 

X.-THE JUTOGH SERIES OF SIMLA. 

We next pass to  the S h l a  and Jutogh outcrops. The Cbail 
and Jaunsar tbrust planes, whose existence has been demonstrated 

jp the Chor area, have been traced into Simla 
The isolation of the , 

simla outcrop from that k o ~ b  from the north-west and from the south- 
of the Cbdr due t o  east. Although the Jutogh series is isolated 
denudation. 

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- 
c r o p  of the Jutogh series capping the high hills a t  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 qua~tzit~es having been 
removed by denudation. The hypothesis which we have found to 
fit the observed facts eo well in the Chor area may, therefore, be 
fearlessly applied a t  Simla. 

I n  interpreting the structure of the Simla rocks on this hypo- 
thesis, the exbtonce of H. series of long recumbent folds is only 

Recumbent f 01 ri what, might be expected, and in regarding 
structure appl~cable to  the various alternations of carbonsceous lime- 
Simln, stones, schists and quartzites as repetitions 

of the same beds rather than a continuous stIratigraphical succes- 
sion, we are ~ o t  only adopting an interpretation of the structurt> 



which would nnturslly be expected witb &mta d & dpimb typ ,  
but aleo what we bave good c a w  to think is a h  t b  ~tnatm of 
~imilsr outcrops of this aeries on the Sauraghat4hama .prr 
and between Cliebdhar and Haripur. 

We have gone over most of the area both at Bimh slul Jutogh 
with the help of Oldham's cxccllent map on the male of 3 iru:hm to 
1 milt! and Hayden's more detailed may of Jubgh on a -1e of 16 
inchc~ to 1 mile, which hm never bwn published, and we find that 
the outcrops lend themselves perfectly to such an intmptation, 
The folding which we have concluded to exiut at 8imla and Ju-h 
is represented in the section. l'lnte I. kart: 2. 

Oldbarn states that there are three distinct banda of limestone 
on Jutogh Hill, separated by s c h h  and quadzitm, of which only 

Oldhamye viewe on 
the lowed hand is left on Prospect Ell. All 

the structure. of fhis he awumes to be stretipaphic~lly 
higher than thc Boileaugtmge quartzites and - - 

the Jakko carb0nex:eou.s slab. A fourth b a d  b mentioned at the 
b a e  of the Jakko s l a b ,  e x p o d  on lihe epur & of Axmandale. 
These occurrenoes we have verified, but we differ fnm Oldham, 
in that we regard them as one and the same band folded on itgelf 
as ehown in the section (Plate I, figure 2). 

In the first place the Annandale limeatone and the wmciated 
black, slaty beds hem too close a r@sembIance both to the other 

It-one for diepgne- 
outcrop on Prospect Hill and Jhtogh as well 

ment. as to the outcrops of black limestone and slafe 
seen a t  Rajgarh, Olong, Chabdhru, and other 

placee, to make it retasonable to mppose that a bed of euch a 
characteristic and wide-spread type should a t  G i  be repenfed 
at  two horizons separated by 1000 feet of quartziterr and schists. 
In addition, we find that similar t . p  of associaterl limestone a d  
black slates occur in at any rate one of Oldham's upper limwttme 
bands, which crops out below the top of peak G778 in Jubgh. More- 
over, since the exact succession of hesfone,  daty eckta, quartz- 
echists and qu&dte are maintained, even though the thichesi 
of each band may vary in the individual outcrops, we feel it to be 
unreasonable to -aup$ae that such a sueremion of b& wtu de- 
posited a t  successive geologicel horizone. The varying thicknma 
of the individual beds and especially of the quartzite band on Jut* 
Hill and near the toy of JEbk'ko may be explained without unduly 
straining the facts if-we aoppose that it hss heen q u d  out by 
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tihe pre%aure of the two sidea of the fold, which have been brought 
nearly info oontad. ' 

On the Ridge and on Jakko only the lower carbonaceous band 
snd the Boileaugtmge quartzites and achists are Been ; but to the 
we&, in the direction of the dip, on Prospect Hill nnd 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 ghme a t  the rock sequence as given on the legend of Hay- 
den's Jutogh sheet (unpublished) shows a t  once some interesting 

s ~ t i o m  at ~ntogh. pointa. The following sequence is given :- 

Upper quartzite 
Upper aarbon80eom schiet. 
Upper limestone. 

(a) Upper mi~~lrschist. 
(b) Quarry limestdne. 
( r )  Lower limestone and sohiata. 
(d) Boileaugunge quartzite. 

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

Now if we examine the sequence given above, paying attention 
to the rock types, i t  will be seen that there is a repetition of the 

- 

beds about the 'upper mica-schist,' as shewn 
Repetition of the beds. by the lettering which ha8 here been attached. 
The only discrepancy is that in the upper (c) there is no limest,one 
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). 99 

- 7-BP. -3 

A copy of Hayden's map is given in figure 15, reduced in sa le  and 
with (b) and (c) grouped together under one character. Now n 
careful examination of the rocks on the ground shows that thc 
strata above and below the ' upper mica-schist ' are obviowly the 
mmc. They are, in fact, the carbonaceous band, and that the 
one ifi the inverted representative of the other is indicated t.he 
fact that the main hand'of limestone in both occurR nearest tht. 
' upper mica-schist.' Further examination shows that the ' iir)T)(hr 



quartzite' ia exactly the eame a4 the Roileaugunge qheitcrr; 
and so we have the fold oompkh. 

P'ru. I,;.---Ceol~,~ic-al nlap of Jut:gh, after Ti. H. Ikydm. 
Scale 4 ~ I I C ~ P P =  I mile. 

We really have here two recumbent folds lying on b p  of each 
other ; for the carbonaceous rocks are repeated thm timm, though 
the lowest one is outside the 1irnit.s of thie map. 

Going clown the road southwards from the Poet Offioe, and 
continuing on down the zig-zag path west of the atables, one passes 
over thc: whole sequence. Tllc Ibctls are folded into a very &lIow 
synclinc. The dip is to the soutli 11ntil the middle of the ' upper 
qliartzib,' 8011th of which point it becomes northerly. Down the 
xig-zag path the various nl~mllers of thc  .Tutogh be& are 
well displayed, anti we hnvc no cloul,t iLq to thc c*orrectneas of the 
correlntio~l which has bcerl given i~bnre. Figurrh 16 is diagrammtic 
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d o n  through Jutogh, in which the vertical male is greatly ex- 
aggerated. The folds have been m ~ d e  to cloae in accordance with 
evidence obtained elsewhere, 

Fra. 10.-Diagrammatic s~ction tbrougli Jutogh, rert.ic~l scale greatly exaggerated. 

Owing to the prevailing dip, i t  is on Jutogh that the most com- 
plete sequence is seen in the Sirnla district. But elsewhere, as - - 

Prospect Hill. 
on Prospect Hill, a little further east, part 
of that sequence is still preserved. Here we 

have the Boileaugunge quartzit& 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 limhone containing numerous crystals of amphibole. Over- 
lying i t  are black slates including the pitted aah 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 

Proar! Hill parnet- 
Chor district. Like them it is probably an 

amphi ohte. intrueive baeic igneous rock, which has 
suffered the same metamorphism as the 

neighbouring sediments into which it is intruded, If it is in t ru~ 



sive, then there ie no need to mpwt i t  to m u r  in fhe atme position 
on Jutogh; for, ae we have seen in the Clu3r Wdt, fhose mzks 
can 4evor be t r d  for w y  great dtebnoe. 

Along the Ridge a t  Sirnlrs, and on Jakko, only the low& band 
of the carbonaceoue slates and the Boileaugunge quarteib sre 
seen, and this in spite of the fact that Jakko is coneiderably higher 
than either Jutogh or Prospect Hill. However, it has already bean 
said that the rocks along the Ridge and on Jnkko have a geneid 
muth-westerly dip, so that i t  is emily underetandable that higher 
bede (i.e., additional folds) are seen towerde the west. 

Figure 17 ie a diagrammatic eection through Jutogh, Prospect 
Hill and Simla. From the evidence available we csnnot tiell de- 
finitely which way the folde are going to cloee, nar whether tiby 
are snticlincs or synclina. But, while the ' upper m h - d i a t  ' 
on J u h g h  is very thin, further weat it ia quite thick, which &her 
euggeeta that this fold ia opening in that directiw. This infer- 
pretation ia in agreement with the structure which we hare mede 
out in the Chor area, and in the absence of any evidence to the 
contrary we b v e  adopted it for the Sirnle area. 

Pro. 17.-l)iegrammat.ic Section through Jutngh and Sin~ia. 
(Horizontal scale, 1"- 2 milea ; vertical d e ,  I"= 1 mile). 

1. Bnileaagunge qurrtzih and " u p p ~ r  q~art~ite." 
2 C?rbotlnccous R P ~ ~ R ~ S  at1d liuleatolle Jutogh wried. 
3. " Upper mica-schist." 
4. Chail serics. 
6. Jeunsar series. 
6. Simle series. 
7. Blainl bPdh 



'l'o OlAm's wmuut of the Jutogh rocks of Simla itself' we 
need uot ruld ruuck in t h b  place. There are two poiute, however, 

Tho yrcsclioo of Chail 
which call for comment. The one iii tihat a 

Ixda iu I?iida. small part of Oldhum's Jakko ~arlouaceow 
slute we now includu in our Chad series. 

'l'h h ody  bc~ome appueut uu the result of ruayyiug over u 
larger uoa, md h already Lcen referred to above (page 94). 

'the other yoiut to which we should U e  to call atteution is thc 
use of the name Uoileeugunge quartzite. Under t h a  name 0111- 

The hiloaugunyo 
ham included all the beds above hs Jaklio 

quartzite. carbonaceous slates whuh are fouud on 
Jakko and on the kiidge at  Simia, and on 

Jatogh up to his Upper or Jutogh carbouaceous slates and 11me- 
stone. Now, wMe quartzites are certainly promiucntly developed 
a t  Boileauguqe, they are not the only type oi rock met wlth. 
Thua on the whole of Jtlkko there is scarcely a bed of rock which 
could be caUed,il quartzite, the rocke being mica-schets and quartz- 
sclusts. The same remarks apply to the development of these 
roch away horn S d a .  To call the whole set of rocks quartzitee 
is certainly misleadiug. It would probably be best to alter the 
name to Uoileaugunge beds, in the same way that we suggest alter- 
q. the name Birnla slates to Sirula series, many of these rocks 
b e u ~  not slatetj but sandstonw. 

At bimlu the bouudsry of thew ijoileauguuge beds has been 
atluptod iroln trldham's S" may. Our own work on thc roclcs has 
been oontillcd t o  oontinuillg thc luapyiug oiltr~ide Sirula, and we 
m y  now proceed to iollow the Jutogh aeries to the south-west 
irom hsumpt i ,  where Oldham left oif. 

The course of thc carbona~eous band is clear born the map. 
One of the ~haructzr~sbicu oE thcse rocks a t  Simla is the ueurly com- 

plete abseuce of limestone, whch is such a 
Tho Jutuyli  t ilt.ust 

trauod ruuuct ;jllUla. teatwe of these rocks both on Jutogh t l ~ d  
iu the Chor arcs. Oldha~u only mcntiolu 

Cwo localities, at ihnandale and below the iirst waterfall in the  
C'ombermerc r,,vinc (1887, 1). 117). The lormer is, of coiurse, well 
hewn, but wo iailed to  l i ~ l c l  ally limestone in the Comber~liere 

~arboudvauus ~ l l l l e -  ravine anywhere from above the 1st watcriau 
stoue. t o  below the 2nd waterfall. As onc follows these 
rocks from li,isiuupti, lheeto~lc bccomcs rathcr moro frequent. Thus 
it har boca loul~ci o n  s i ~ u  u t b  baud by Nuhuru, above Chadoli aud e ~ t  



of Btwihog ; and aa Louldem OD tkO M d u  epur a h c t  ibddu, 
and at Shadhd, the motor road, though where it tmmw 
the r o d  and the railway uo limestam is to bo mu. 

Very little w u  seen here of the ' yittod ' mdi, w b k  rr, ccu clww- 

Tile pitted carh~ra- 
teritltic of thibr Laud UP Ympd Uill 4 .~uto& 

ceoua tmd. s n u n  the Ckor area. 

Prom Kaeumplj to the motor road the hnd  w wely  mure than 
'NU feet thick, and gwerally lw. T b  k in d w l  oontrwt to 
the fhiclinw of the mme roch in the Chor distr1c;t. betw-Gm 
Kasumpti and Jbnhecki the r w h  prre newly horhuttrl. But, 
between Kanhechi and the railway there is a very dthhtt: uurth- 
eseterly dip of about 40'. This u a very ckrcrukrirrtic iatarc of 
the topography along the railway between b u o h  and bhogi, 4 
oan be Been from a long way off. 

Above t h i ~  carbonaceous band we get everywkerc the rwka 
which have been daibmakd the Bollwuguge q m ~ i t u s ,  but 

Tlie Buiieaugu~ge 
which, a~ remarked above, luciudc: other rock 

yual-tziim. types also. The y w t ~ i t e i  and quartz-- 
are generally v a y  mwtve, autl are iiqeiy 

responsible for the very yrecipifuu aouthern h e  oi 'i'rrsa h v i .  
&licrowtoyically the yuartzitw are seen to be true wet,a~~oqhr; 

quartzitm (371653). The quartz cryatah m it me mollalr;, 

while any argdlaceow irnpuritia have c ;ryc ihM out ~ r c i t c .  
The letter ia almoel; univereely developed, and k oftien iu sutticient, 
abundance to give the rock a slightly &tost: ntructutw. 

With an increese in the argdlaccma content there ib; a @ d u d  
transition to rocks wluch m y  be termed h Those 
occur both as very thin in the q m z i h  md'u  much h k e r  
separate beds. They are not mfrequently gametiierou, wkiit: 
p e n  porphyroblasts of yenninrte are tmmetrma men8 ero on tlrt: 
spur above Eahem (37,651) near Kekla, md ukwhwe. l~ ouly 
one place was thie mineral wen in the wrbonamuu Laud, d 
that waa on the top of the eyur jwt west of Uwha ( 3 7 / ( i G ~ j .  

One more outcrop mwt now be referred to, belure we Grou the 
motor rod.  In the variou writiugs of i&dIic=ott, Mo&&on and 

Tam h v i .  
Oldham, no mention is made of a very typical 
outemp of the carbowom Laud uoc;ui:c~ 

on the h p  of l'ara Uevi. No doubt the grata  part of 'I'- h v i  
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Hill is composed of quartzites and schists. Rut along the crest 
of tho hill are some very good exposures of the carbonaceom rooks, 
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 
wtas 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 foldetl, 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, a t  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 carbonacems 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 
boundmy very closely here. Their best development is along the 
south side of the spur that runs out we3t st about 61 miles 
from Sirnla, by some brick fields. Along here the rocks 
have a northerly dip of about 30°, and the limestone is well 
tleveloped. 

Just as these beds appeared to die out to the east, so they die 
out t o  the west, being last seen some way above Bhangin. At. this 
point there is an intrusion of massive hornblencie-gneiss. Prom the 
evidence available it seems, therefore, that we must be dealing with 
A synclinorium of these mcks overturncd tro the south, though the 
exact structure is by no means clear. The band dies out to the 
east end west because the ground falls away rapicily in those 
directions, and the fold therefore closes. 

Tar& Devi carbona- 
This outcrop is evidently part of the upper 

oeom band oorrcepond,q carbonaceous band, the same which is de- 
to the P r o ~ e c f  Hill veloped on the top of Prospect Hill, but which 
and Jutogh baud. has here become involved in a. subsidiary fold. 

To the north-weat of the motor road, the cerbonacmus stage 
of the Jutoghs, which already, even where seen on the road, has - 

become untypical and from which the lime- 
Kalh-Simla motor 

road. stone hss disappeared, ie altogether cut out. 
Not only has this happened in the csee of 
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the wbomwoup~ band, but gradually the ovezlying Boileaugunge 
Dkpmnmce ,,f the quartzitm arc! alao cut out ut the boundary 

+ - 
lower c a ~ ~ o n ~ o u 6  of the Jutogh thrust until just eouth of the 
band and of the over- 
1-ving Boileaugulye Kuni river at Kharuta, the upper cnrbna- 
quartzites. ceous band is found qaimt the ChaiL. Thi~  
contains here about 10 feet of b1ac.k limestone with cmbonaamue 

Upper carbonaceourr slates above. That this is the upper band 
band thruat over the proved by tracing it to the north-west. 

at and IU the Kuni river about 50 feet of lim-ne in the Knni. 
Jutogh limestone a t  are exposed, and almost aa much a t  the vilhqp 

Tarail. of Tarail { mile south of the 13imIa-Arki road. 

From here the Boileaugunge quartzite g d d l y  be@m to come 
in again between the Chail phyllites and the .Tutogh limestone, 
t o  be followed by the lower carbonaceous hand, which can then be 
traced continuously to Simls. Limestone mema to  be almost absent 
from this band ; in fact the only proof of its presence a t  all waa 
afforded by some fragments found near the road just before reaching 
Shekoh. 

The upper Tazail band is presumably tlls equivalent of thv 
carl~onaceous ],and of Prospect Hill, differing 0111-v by the absence 

from tihe Tarail limeatone ;f the secondary 
The upper cnrh~nrr- 

( ~ 3 0 ~ 8  band tntced. minerds found in  that of k'rospect Hill, and 
also of any lenticles of white marble, which 

also occur in the Pros &t ilill limestone. This carbonaceous band 
has been traced from e Simla-Arki road along tbe top of the pro- 
minent scarped ridge to a little below and to the north of the high& 
peak which overlooks the town of Halog. The long dip slopes to the 
wt of this ridge consiet entirely of the carbonaceous beds, while 
the almost perpendicular cliffs on the weat consist mainly of the 
Hoilertugunge quartzite which overlies the lower carbonaoeous band. 
After leaving the Arki road, no more limestone was seen in this 
band, though i t . i s  possible thnt patches of it. map occur on inmes-  
sible portions of the cliffs. It hegins to bend round tlo follom- the 

strike of the rocks, a t  the northern end of the ridge, but, " 
is cut off by a cross fault,, which bringa up 

h p e t i t i o ~ ~  of the beds 
by croas.ieulting. t,he Hoileaugqe quartzites again ; above them, 

on the sumnits of the amphitheatre of  hill^ 
of which Uahainda llill (5846) is the highest, the-cerbon8ceoua band 
is repeated, hem 8I.o without any lim~~fone. 

K 



It will be ereen that the outmop of this upper carbonaceous bend 
hae not been followed completely. From Kharuta i t  probably 
followe the high p o d  to the weet of the l'aterika Deo and so joins 
up with the northern outcrop by way of bill 6407, i b  outcrop on 
the 8imbBrki road, having possibly escaped notice a m i h t  the 
shops and numerous other buildings of the village oi  Uanoti. 

Begarding these two carbonaceous bttndr; as the respective limbs 
01 a long r w m b e u t  fold, in accordance with our oLservations in 

Two horizons of 
the Chor area, then the be& within the closed 

qtu*8okieh outcrop will belong to a difierent horizon iron] 
the mawive quartzites which occur between 

tho two carbonaceous bands, the latter corresponding to the Hoileau- 
g u g e  quartzites and the former to  the ' upper mica-schists ' whch 
Haydeu has mapped in Jutogh and which have been referred to 
above (page 102). 

In the country with which wc are now dealing, the (Mereucw 
between the two rwts of beds are striking. The beds between the - 

citrLonaceous bands are hard massive q w t -  
L)itIurs~~ces bclwecn 

them. ziteu, and quartz-schists are of secondary h- 
yortance. &I the other hand the beck kitbin 

the cloud outcrop of the upper carbonaceous Land contain no mas- 
sive quartzites a t  all, but are iuvariably quartz-schists or quartz- 
mica-8chists. 

Another ytrikiug cliifercncc Lctween the Jutogll beds oi this area 
sud those of Slulla are that the forner are math lew uietamoryhosed ; 

Contrast between garnets are rarely found in then1 aucl when 
LLC ~utogh  wries of present are small. The rlbsence of secolidary 
S h l a  a d  lielug. minerals in thc limrstone has already been 
nlzntioned. This poi~lts to a lvoyortionate clecreuse in nietarnor- 
 phi^^ radiating from some cel~tre not Iar renlovecl from Shla ,  
comparabie to the Cllor grauite in the Uhor area. l'ossiblj- Medli- 
~ o t ~ t ' t l  uucl Oldham's theory its to the former exivteuce of such all 
i~itrull~ve mass iu the neighbourhood of S d a  may have had a fouu- 
dation in lact. 

The section giveu in figune 2 on l'late 1 includes the S i d a  
area. One or two points may be referred to. Thus although the 
Cllail bmla uever actually die out arowld Sizula, i t  is possible that 
they very soon dicl YO further north, prior to the denudation. Conse- 
qucntly, on the ~wbion the Jutogh thrust hae Leeu made to overlap 
thc Chail thus6 in that directiou above the yreeent topography. 



Other piub which may Lo a o t d  h tb ~Y#;~IUJ~ ue the liutbug-uut 
of thc J a w r  wriw by the C b d  hbrmet, ulld tbu uuttiug out of tLc. 
U1uL.i by the J uuw thrurit. 'I'b part uf &c mtton ib & a d d  tom 
tkr: cvidcuw u h t h o d  further ciouth-aal, etoq the Giri valley, wbicli 
LU ;atready becn d w r i b d  on  page^ 19 i d  M. 

XI.-GEOLOGY OF THE AREA E AND tu'&.&OF SlMLA-, 
NALDERA-NARKANDA RIDGE. b 

We propow Co conclude the dwriytive portiou oh t h  ytcpr 
with o few reruarkb. on the geology ot the wuutry to L o  ubt anti 
north-cast of Simltl. Our examinatiou of thu was but cuwry, but 
awing that our interpretation of its keolopicul atlucture is -alrnw~ 
elltirely at variance with the view which have w inr bean yubliehd, 
we oomider that we aro hot justrlieci iu kostko* mehouof ic UUI 
3 detailed geological su~vey wu te wwmpiiahcri. Mole w~ecltrlly 
is tbb preliminary report deciraLle smco severai featurn iu ita geo- 
iogy bear directly ou problems which have msen in the wurst: oi 
bur investigatioll of the other azeatl dedt with in thL, keper. 

The area referred to  includes the Saldera, M d o L ~ a ,  M b ,  
Previoae work iu the Fagu, hlattiana ridge and the country w h c h  

area. lies between that and the Shuli c b  of U. 
Ndlicott. Medlicottk olservatiom on it w e  fo be ioud 

on p a g ~  36 ilud 48-49 of his 1864 mwuoir. McWou devotes u 

JlcJlvhc,ll. 
sectiou to it (1877 pp. 211-141, wd OIL the 
way which w o r n y m a  lus ytrpez h ~ p y e c l  

he\,crul uutcroys of ~ 1 &  round ~ k e o ~ .  Uaydeu duug  o m  or 

11 ayclt~i. 
two casual trip from AlattlauLe 111 1918 f 0 4  
&umuudtic be& on the lowex d o p  of the 

Shuli r q e  w a r  Saxham. His h& were reoodeci iu k. ti&. - 

lie 1v. l '&l~l l~~r.  
swv. i?ul., Vol. 11, yp. 6 9, mi  Vol. LI, 
y. 9. It. \+ . Y h e r  worked u u m g  say a d  

Juuc lVLO iu the couutrq- btrctchllg down from thc Shali r q e  to 
the haubi river u d  Gruewhat to the south aud east ot it. He 
~ ~ ~ L m i i t e d  a rekolt and a geological map whiah wede  lot y u b u d ,  

*uitkough a summay of hb rersdtv iy c o k e d  in the I l m t o i o  
Annual Kekort kublished in 1921 (ka.her, 1921). 'ibst, p x t ~ o n  b i  

I he may to the nu~th-e&st of haiholra is h t f d  ou I.alluer 6 u p ,  
though it has been comide~alily luo&ed. NU & W ~ C  uo rww- 
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sibili@ for those parta of Palmer's original map which we have 
left unchanged through inability to visit the localities. 

The rocks between Simla and the Mashobra-Naldesa ridge have 
been accepted hy Mdlicott, Oldhanl and all who have succeeded - 

them as the Sirnla series. They underlie the 
Broad outcrop of 

the 8imla =ries between Blaini continuously or allllost SO from Simla 
aimla and the Maeho- Halog and form an outcrop which, as we 
bra-Naldem ridge. 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 author8 

can only state their firm belief that the outcrop 
Probably en iaosyn- 

olinorium. represents an overturned syncline, or more pro- 
bibly a synclinorium of isoclines. 

On hill 6820 about 5 miles N.Ur. of Simla is a thick bed of grey 
and purple miceceous sandstone. Dr. E. H. Yascoe has traced this - - 

bed along the Elysium spur to  a large outcrop 
Purple m i  o a c e o u s  

eancbtone. on the Simlla-Mashobra road about .c- ".a mile 
£rom Sanjauli bazaar, where i t  is 

quarried. Overlying this bed a t  the S.W. base of hill 6820 are 
&my s l a h ,  amongst which arc hede containing certaiu pecllliar 

etructures presumably of a concretionary na- 
Concretions. ture, which simulate coprolites or large coiled 

huail-shells. T;';lese pseudo-coprolite t)cds have been seen in several 
- 

$aces near the south-western margin of thc Simla series outcrop. 
Purple micaceoils sandstones occa.sionally occur in the same yotiition, 
and thin bands of sin~ilar sandstone have heen seen in various 
places i h w g h o u t  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 
moutly grey, occasionally purple. splintery slatcs, which exactly 
resemble she beds to the south-west of Sairi between the two outcrops 
of Jaunsar conglomerate. Occasiollal thin hands of grey quart- 
xitic sandatone arc ,seen here and there. On the Simla-Mashobre 
r o d  thr splintery cllaracter of the C O ~ ~ C S ~ O I ~ ~ ~ ~ A ~  heds has largely 
disappeared and the alate8 are more massiva wlth fewer joints. 
Grey jointed slates of a similar character seem to colltinrle on the 
other side of the purple sa.~ldstone towards Mahobra. (In the 

cliffs which rise above the road south of Ma,shobrit im- 
mense conbrtioos in the rocks are plainly visible. 



About here andher extremely charmterbtic eet of bedr m e  
in. These are grey rrlatm ahowing a finely banded rrtructure. The 

hnded a main cleavage plan- are howevor parallel to 
horizon in the Simla these bands, so that they are liot true slated. 
wriw. These have been aeeri along the road to Kufri 
and hlahwii and have been traced moss the C M - K u L i  road right 
down to the Giri below Piran (see page 119). 

It seems certain that these reprcvcnt a lower horizon of tho 
- 

Simh aeries than any that haa been o n  to the south-wmt. .Uong 
the road to  Naldera these appear to be rt?l~h.Cd or to paa down 
into unbauded slatee of the more usual Sin118 type. _rlmonpt thew 
are soft cream-coloured ~ l a t y  ahalen. 

In the village of Baldiil about 94 mila from Simla reckoned by 
the milestones a blue limeatone o c o k  in lenticular outcrop either 

in the jointed slates or in the soft c rew-  
Naldercc limestone. 

c o l o d  slaty shalea which we have just men- 
tioned. The limestone strikes round the HI north of Baldia and 
then from mile 10 as far as Kaldera it crop 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 Xaldera. Now for a 

W l  ecriea brought 
distance of about B mile i t  b interrupted by 

up by cmss-hnlting. two cross fsults which briilg up a series of 
pale colo~wed schi8t.s alld dark blue banded 

slates showing slaty cleavage. which art! identified with the Chail 
series: aa we &hall s h o ~  later (page 114).  About 134 miles from 
Simla, thie limeatone again c r o p  out on the rod and appears to 
continue for a long distance along the ridge which runs weetward 
in continuation of the Naldera ridge, forming long characterktic 
dip s l o p .  

This limestone is mentioned by Medlicott (1864, p. 48) wbc does 
not dolscribe it more than as '' a thin band of limeatone on the crest 
of the ridge over Basantpur ". Dr. E. H. Peacoe drew our aften- 
tion to i t  in the h t  instance. It is hardly ever more than 100 
feet thick and is moderately soft, weather& out into irregnkr 
creak and hollows. It contains no chert bands and RO differs mark- 
edly from the Shdi limestone. Chnsfantly small black circular 
dims. which suggest organic remaim, 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 poinb to  ita being at  tibe very 
base of that aeries. 
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Dm~nding t-he hill to Raeantpu~ the N n l d m  limestone and 
ita eesocistd cream slaty shnles and jointed ulntee are m~cceedd 

Chrjl rlraved Rlates by hard, dark grey, often carhonacmuo slatm, 
and lim~ntone nncon- much more finelv lranded t3han the banded 
formable beneath tho 
Nsldera limastone at slate8 of the Rimla series and showing a marked 
Rn~sntpnr .  dntv cleavape. oblique t o  the bsnde. Retween 
the Naldera limeatone nnd the hill t o  the north of Rasnntpur which 
overlooks the Nauti river there occur no less than ~ i x  bands of lime- 
atone, in no case more than 50 feet thick and sometimes less. Tn- 
t,er)\dded with these are the handed dark grev or dark blue slates 
with slaty cleavage, and grey schj~ts  which in their harder varieties 
ale0 ahow cleavage oblique to  the stratification. The limestones 
vary somewhat in character even in the same ou tc ro~ ,  hut are alrnod 
alwaya banded and sonletimes finelv ha.nded. Tn t.heir m o ~ t  tvpical 
form the resemblance tto the limestone which has heen d m r i h d  
( p ~ g e ~  91-92) a t  the base of the Chailg. and the dark hl i~e s l a t ~ s  which 
are frequently associated with them-most pprominent,lv a t  Dharel, 
24 miles P.P.W. of Halon-leave UB in no doubt that  they are t o  
ha correlated with that  horizcn in the m a i l  series. T t  is true that  
even allowing for repeated fold'nr in the Ras~ntpur  section, the 
~ l a t e s  rare more developed here t'han hctween Halog and the Ashni 
river, hnt that c ~ n n o t  he reca.rded as a serious ohjeotion. Tbat 
there i~ isoclinal fold in^ in the Rneant,pur section, in spite of the 
general south-westerlp dip, i~ suggested hv the frequent contortion 
SR well as hp tfhe close corresponrlencc of m a n r  O F  thc limestone 
 hand^. 

This series can he traced ~ a s h s . r d  to Paell and thence north 
of Theop. T t  is undoubtedlv the samc ac3 the  hroacl outcrop of 

limpstones and 81ates and ~~chis t~s  with interhedded limestones 
 slat^^ t m e d  C R S ~ W R ~ ~ ~  which PaJmer has mentioned n,nd the we~tern 
t , ~  Fag11 and Thenn. boundarv of which mit,h his M a d h ~ n  slates he 
ha8 mapped apparently in great detail. 

The whole sequence of these rocks is well itisplaved between 
Pagu and Theoa 2nd below the road to  the east. T,ookin,n E.N.E. 
from P R ~ I  a massive oil t~rop of lime~tone can hc seen in the side 
of the spur that  rvns ollt soi~t~h f ~ o m  t 1 1 ~  I9fh mile (37'643) This 
h3,nii. a hhle-my finelv hancl~d limestone. ran he traced north- 
w a r d ~  bv the village of Jnnne. where it i s  vcrv well developed, to  
the main road hp milc 18. TTere. llowcver. it has rnpidlv fhinncd 
nil$. and onlv a. f ~ w  fest nro SC-n. Anothop hand occnm n little 
f:lrt,hcr cnd p w i n f  claw +n T l ~ e o Z  fork : whilc n tllir-cl hnn?. an 



alrnoot white limestone, is m a  when the mad auk- r ~hmp kd 
west; of y a k  8219. Tbwe lim-tune ban& am o~~vion,~ly lerltirnlu 
since fhep thin out and dim-. 

The iothor~ cannot agree -&th P a b  tbt the m 
sembles the Hrol limedone either in ita typical or any other ~res 

Palmer*s wrrelatjcnl in which they have -wa it.. h'or mu tksrv 
the l i m e h ~ ~  agree with MoMabon (1877, pp. 212-13) & 

with &ha Krol not 
-pkble to t h ~  has referred m ~ t ~ r o p  of it, at T h q  anci dm- 
n ~ ~ t ~ l o n .  where to the Rldni, No reaernh1anc.e can be 
traced hetm*wn it and the 8hali limentane not yet 10 tht  Neldern 
limestone. The Deohn lime~tone i~ far dietant, hilt it ir, waally 
t~nlike that. 

We may refer here to MeMahon'a ob~~lrvat~iona in thin a m .  In 
his 1877 paper (pp. 211-13) he refvra to  scvm~l outcrops of the 

Rlaini to t.he east of Pap.  marking t,hm en 
MoMahon'n miel a ken 

identification of tile t h ~  rrccmpany<ng f a  map. and partkular 
('hail limeatone rant of w taken to examine them. I ~ n f o r t u d ~ l p  
Fapii with tlip Rlnilii. 

we are ~ ~ n a h l c  to accept his c a m l s h n .  He 
refers to a hand of lime~tone  bout 2 milm duc e a t  of F ~ I .  near 
the village of Padrog. This rock, however, i~ n d  the R3aini hut a 
bmd of the dark 1)lne l im~toae  which we hare dew;crilwd alort1, 
and a Iikc remark applie~ to Fome of his other Rlsini nntcrop~ near 
hy. Thc rocks as~ociatcd with t h i ~  lime~tonc arc tbe eame blukh- 
grey slates lhnt are wen hv Fagn, mith ir p o d  cleinvrgc \.PI?- ohfique 
to tbc 1:edding. 7'bc tccks arra I I P ~ C  nearly Folitrrntal, and t h i ~  
t)and of limc~tonc can hc follourcl n long may ~t n~arl? the rare 
height. t h o ~ ~ p h  in places it d:cs out tempnrarily. l'hrce or four 
hundrrcl f c ~ t  l ~ l o w  it i s  a ~ccoi-il l a n d .  s white or cream lirrwtnae, 
underlain 1 1 ~  soft. light-colo~[reil schistope slates. The a.wistion 
of the 1at.t~; rock. with the CTP~III v ~ r i ~ t y  of limcRtOae ia very cha- 
racteristic. and i~ scen in a number of pl~ccm, e.9.. in the Giri valley 
oppmite Darog. the ontcrop mentioned above on the mbio mad 
by peak 821 9, and on the spnr rt~nniog north-at .  from Chhnrnfira, 
just east; of p e ~ k  6651. 

In acl(lifion to thew outcropu of limeetane which McMallon 
thought to be Blaini. he R ~ P O  descrihcrs the ormmnre. oaf the Rlaini 

Another erroneo~  
ihntification IP crop in the Giri below Parala. Here wain, 
Irc3fahon ae Blaini in however, we cannot accept. hix conchmioxw. We 
the Ciri ).elow Pnmln. l ~ n v c  n l r c a d ~  mentioned tlmt be mi.stmk thr 



Jaunanr conglomerate where i t  crosses the Asbni for the Blaini 
boulder bed. Tn the Giri below P a r d s  are some thick coarae  gravel^, 
which contain large bo~ilders of the Jaunsar quartzite congl~merat~e, 
and it ie evidently these which he has mistaken for t,he Blaini boulder 
bed. There is, however, a continuous section in one bank or the 
other up the river here, and i t  shows nothing but dark grey slates 
with an E.8.E. dip of 30'. These are all part of this hig Chail out- 
crop. - i~ evidenced by the occurrence of the crcam limestone rc 
little further down opposite Darog. 

McMahon on his #" map makes thia same sr~pposed hand of 
Blaini cut the main road near the 21st milestone. But here also 
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 Sirnla. Practically 

Outorops on the horizontal between PAP and Theog, they then 
Simla-Narkanda road develop an E.N.E. dip. Between miles 21- 
north of Throe. and 23 one can hardly doubt that there is 
frequent repetition of slates deeply stained with iron and con- 

Repetition of carbo- taining both pyrifr.8 and sulphur and one thin 
naceous and ferru- band of highly carbonaceolls $chi%. From here 
rinons srbis t~ .  up to about 4 mile from Narkandn, one finds 
nothing hut grey ph;llites and seiicite schists, oft,en puckered w d  

sometimes talcose and silvery, with a,bundant, 
Grey phyllites and 

echints often talcose. vein quartz, and q~zrtrtz ~chist~s (37:640 to 
642). o n e  exceptionA to the continuous 611C- 

cession of these is an outcrop of massive q~zart~zite near mile 34, 

Interbedded quart-  where there is a bungalow and n market gar- 
xite probably referable den, and another between miles 23 and 24. 
to the J~unsar.  T h e s ~  are, i t  is suggested, J aun~ar .  .A 
carhonaceous hand occurs between miles 36 and 37 and some 
int.rnaive dolerite a t  mile 38. 

A thick carbon~ceouw bmd occurs at 39; m i l c ~  from Simla, 
and npainst. it on the  north-east are highlv metamorphosed mns- 

~ u t o g h  mice and cnvite-~chi~ts and qnartz-scricitc-schists which 
quartz B C ~ ~ H B  at Ear- van only be correlatetl with the Jutopb ser.ies. 
kenan. Tt is possible that the carhonaceous 1)~intl 
\should also he included with them. 
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The other r w k ~  bear a decided reuemblmoc to the p ~ k d  
phyllitea and talc-ecbiste of the C'hail seriea. The reeemblmm is 

not exact but uniten with th,. clone paralie- 
Correlation of the 

phylliw and tala- Zism between the underlying ~1at.e~ and lime- 
rhiat. with the chail stone8 and the baaal (hail beds i t  bem dmo~ 
eerien. testimony to the mrrelation of the whole mt 
of metamorphosed h& between Fagu and 4 mile dig- from 
Narkanda with the Chdls which we propoee to adopt. 

The evidence of i a o c b l  folding between milm 21 and 23, apart 
from the p&umption that the limeatone bands are npeatecl, m k s s  

Ieoclind folding in 
i t  reaaonahly certain that all tbe bgde are 

the chsils. intensely folded, the folds between P a p  md 
Theog being almoat horizontal. Although along 

the Himalayan-Tibet road the beds etrike co~mtantly N.W.W. to 
S.S.E., yet from observations made ekewhere it is plain that thi: 
strike pursues in reality an c!xtremely win- course. This is w d l  
seen near the fault on the Seuj river, 1S.S.E. of the Shali peak, d c r e  
the beds strike round a complete semicircle. 

Palmer has observed that this series overlies hie M~dhsn slate8 
and the associated Nwnmulitic limestones and ehales. He seem 

to incline to the theory that deapite ite ap- 
Palmer's alternative 

hspath- to the p e a r a m  of age it ie, therefore. itself Eocene. 
lfieefone seriea :- He suggest,s however the alternative interpre 

(i) tha-t it oonform- tation that  i t  has been thruat over the ~ a i h a n  
ably overlies the 
aaaahes elote~. In the published summarv i t  haa been - 

(ii) that it ie thm* a ~ ~ u n i e d  that the limestme-slate &a coin- 
over them. 

cides with t.he Simh elates, wi&h was Medli- 
cot,t's idea ; in  t h i ~  case tht: adoption of Palmer'e first theory would 

The seoond euggm- imply a ~e&iar?  age for all the Simh rock* ; 
tion favoured by the collsequently Palmer" second suggestion is fa- 
~uthom. vourod. In  this the authors entirely concur, 
though, as stated above, they regard the seriea not a~ the Sin& 
elates but as Chail. 

While t o  the north-east of Fagu the rocks are more or 1- hori- 
sont>al, to  the ~ o u t b ,  toward8 cheog and beyond, a tloutherly dip 

The Chril -ties d i p  set5 i n ;  and the rock8 around Fagu. which 
under J a m r e  eonth we correlate with the C'heil mries, down " hm* at chq- under rocks which are almost. certainly reprc- 
scntati\-rs of the Jaunsar series. They ore in fact the northern 
]~.ut of the big outcrop of Jaunaat r o c b  that stretchee nearly to the 



1 PTTA3RTM c% WEST: ,9TITTTCTURR O F  STMT4.4 ROCKS. 

Giri. and rr, continuation to  the ead  of the band which we have 
already described as occllrring between t,be Rimla slate8 and Rlnini 
(pa 87). 

Tn this big outcrop are unmistakeable representatives of the 
Jaunsar eeries. Pltrple conglomerates fill1 of quartz pebbles arc 
seen high up above Dwan, very like the conglomerate exposed in 
the Ashni; rnaesivc white quartzites and purple. phpllites form hill 
7809 (37/637) and the peak just south of i t  ; while a very charac- 
teristic rock is a green and purple schistose slate, extensi.r~ely nsctl 
na a roofing slate in the villages hereabouts (37/636). 

Over the greater part of this outcrop the rocks are nearly hori- 
zontal. Unfortunntelv time did not alIom of a proper investigation 
of the boundaries of this outcrop, and i t  hsr; bad to  be left ;as an 
isolated patch on the map. Nevert.heless it is possible to  suggest 
an interpretat;ion of the str~lct~nre, which is not witrhont some foundn- 
tion in fact. 

The peak known as Mahasu, a littlle W.N.W. of Fagu, is formed 
of massive white qnartzite; nnd, though tahc point Iins not, been 

absolutely determined, i t  would seem that tllest! 
White quartzite of 

Jfnhasn MaRhohm. qna.rtzites are the cont,inuation of a band mliich 
passes near Rnfri. and crosses the spur run 

ning north-east from Chharahra near the village of Nchari. This 
hand continiles t o  the north-west and forms t>hc steep north-easterl\. 
face of thc Mashohra riclgc (37/liv5.1), whore it has a very pronouncecl 
smith-westerly dip. the Cllail rocks on its N.E. sidr* dipping beneath it. 

Now further on fp. 123) we. suggest that this h a d  of quartzite is 
a much attenuated rcpre~etitn~t~i~c! of the Ja11nsa.r~. We have not, 

Probably joins 1111 
Iiowever. wen the country immcdiatclp south 

with the .Tannf l~r~  of of Mahasu. Brit in vicw of what we have 
Cheog. said ahovc it would seem hiphlv probable that, 
this band of quartzite will he found to join lip to the  south-enst. 
with the Jaunssr rocks by Cheop. Tn both areas the Chail rocks 
dip beneath them, and t'hc ontcrop a t  Cheog i s  in a direct line with 
the Mashohra-Maha~n hantl. 

On this assumption r e  may proceed to consider thc possibilities 
opened up. S~immnrilv we have two areas, not) far aeparatecl. in 

nrln of whkh t8ho Jannsar rocks occur hplon- 
Puerlina pssitinn nf 

tilA JRIlTIRAm t'he Rlaini and nllove the Simla ~ltates, fintl 
above and lwlonr in the other t h ~ v  occnr ben~nth the Pimln 
Sinlln w r i ~ q .  

q'ntcs. ITorcw~cr. !;ic on t ci-np of Simln qlat c s  



in  the same in hoth cams. To thiu problem t,here wmld mtgn kr 
he only two pwi1)le aolutiom. Either we are d e ~ l i n g  with ma 
overthrust fault, by which a Rleini-Janwr surw'na heur ham 
tlhmrrt; over a 8imla datcR-Jsunerar ammion : m e'w with a Cold, 
the core of whioh is formed of Rimle data. 

For several resaona t.he lat-fer interp&stion i~ favouwl by UB, 
~1 being supported by a number of facts. Thuu t b ~  two oukrolre 

of J a u m r  are redly continuoua, if one nq- 
Ruggssted explanation. 

lects the effect* of denudation, which b m  wpe- 
rated them along the line of the Gb&W khad. If it is a fold. 
then the outcrop of Jaunsar which OGCUTR shove the Siniln ~ 1 s t ~  
must be the upper limb, newly horizontal ; the other outcrop, t-he 
Maahobra-Mehasn band, must be the lower limb dipping mulh- 
west ; while the broad outcrop of J a u m r s  wuth a d  south-wd, 
of Chmg is where the two limbs join end the fold elm, t h a ~  amount- 
ing for the extent of the outlcrop. 

Further eupport for t h i ~  interp~eht~ion ,soems to be forthcoming 
from the distribution of the Simla sletm. Beneath the main out- 
crop of Blaini bedo. from the Giri up to Simla, the Gimh s1at.e~ arc 
all verv similar, dark grey to brown filatla shales. Aa one awndm 
the Giri from Nohan. however. t.hia type of rock ie &seen to be under- 
lain by a finelv handed slatay pit .  consisting of thin black bande 
alternating with much wider brown grittv bends. As wc have 
:tlready noted. the mmc! chanpe c,zn hc observed dong the knjouli- 
Rufri road, as one descend8 in tho qnencct. and the handed rock 
cvidently represants a lopr horizon in tlhc Simls ~1ate.s. 

Now it, i s  this variety of Rimla slate which comes next. to the 
Jaunsar beds which we are here considerinp. Atl &Satlahi the Jaun- 

Sonpoaed inversion 
aars are nnderlain by thew handed r d s ,  while 

,,f the writw these in their turn are underlain in the Parari- 
sunpcbrta the ~11geeRtion ki-khad bc the more 11sua1 type of Simla date. 
oflewd. 

which we have reason to regard as of a higher 
horizon. Tf this is 80. then we have evidence for regarding the 
Simla ~ la t a s  iURt here as inverted, which is in nrcord OUT PIIS- 

costion of a flat fold. Bv reason of the r e r r  vmiahlo nqtnrc of the 
.Taumar beds it i~ not powible to ssr whether one limb of onr snp- 
~ O R P ~  fold is inverted with respect to the other 

We saw furtoher hack (p. ,W) that the J a l ~ m r  hnnd which 
cwmca betmcen the Simle ~lates and t h e  T31aini dim orrt hoth to the 
~ lc~t l~-wc~st  nncl l o  the snnth-w~st. T h i s  mtwt en'dentlr he intot- 
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preted ae evidence of the Blaini be& having been deposited un- 
conformably on this Jaunsar--Simla elate fold, in one placo reating 
on the Jaunsars and ehewhere on the Simla slates. 

The above interpretation is only put forward tentatively. The 
solut.ion of the problem~wilifno doubt be found further south-ea~t, 
in the valley of the GliIand beyond it. 

XU.-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- 
limeetone8 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 i t  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 tthe section over the Nauti is not folded and that the 
dip is fairly constant, the thickness of the lime~tone cannot be less 
than 1200 feet,. It forms the summit of the Shali peak and of the 
range for a t  any rate two or three miles on either side of it, reaching 
down to an unknown distance on the northern side of the range. 
I ts  dip slopes extend for about 3 mile south of the Shadi peak, but 
the Madhan slates and a massive quartzitic sandstone almost reach 
the summit of Nag Tikar, 9232, while the peaks to the S.S.W. of Nag 
Tikar are of Madhall elatlc. 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 
elates. 

The Nadhan slates consist of beds of various types. The most 
frequent, are grey, joiuted slates, showing occasional s~nooth planes - 

in which a green mineral has been developed. " Interbedded with these are greyish or wldte 
quartzitic sandstones which often pass into a massive white quart.- 
~it.ia sandstone which cannot be distinguished from the. qunrt,zitic 



sandstone which ie often in contact with the Shsli limedone. In 
the midst of these in more than out3 place are be& of blue cley whiah 
are dug out by the vihgern for mkiug p h k .  Vein quarts ie 
frequently found in all thew buds. Be& of purple gritty quartzite 
and purple shalee occur in many y h c a  es wrll as meam and lavender 
alat y shelee. 

Thwe beds are obviously intensely folded; even q a h t  h 
boundary of the Shah limestone, both qutlrtzite and data w m  

80bothm - to dip variously. I t  is, therefore, not eur- 
~ n f o - b ~ e  on the prking that the h:urnnlulit;c: bedel wbich yre 
~ d b n  elates. sent a typical Subatbu appearance both 
regar& their Limestone as well as their olive shales, should crop out 
in what looks like a sporadic faahioa It is not at all m y  to h a w  
tho boundaries between the two, especially it is powible that 
limestone lenticles m u r  in the W e n  elates. 

Palmer who firat saw the quartxitic andstone on i S q  T h  
and there commenced to u p  it aa 8 h h  strndstone, was cjubmquently 

considerably embaraascd when he tried d& 
The qmrhitio @and- *- of ae && &- tinguhh it from the exeotly sbuihr rock b 

the Madhan &tea. Iu one instance he w a  
actually led to suggest that an outcrop of this rock w h h  be 
formerly mapped aa Shali sandstone might in reality be &&tm 
sandstone. Consequently d w  the remaining portion of bs sur- 
vey, although he continued to regard the quartzitic slanhtouf: a 
Shali sandstone where he found it in contact with  the Shuli lime- 
stone, he refrained from mapping it separately. 

We have no doubt that the strndatone in question belongs to 
the Medhan slatee and not to the Shali lunesfone. Apart from 

it's occurrence amid t.he lHadhan slate out+ 
Belonge to the bt8e md crops, there is at l e ~ t  one portion of the 

not to the Bhali lime- boundary bet,wcen the Shah hes tone  and 
atone aerie& the Madhan elates, eoutih of the B W  p k ,  
where the quartzitic sanbtone dow not occur, although it &b 
in a, presumably faulted outcrop lower down the Id. 

P a h e r  considered that the Nurnmulitic beds were codo rub l e  
to the bbdhan slat,es and thorefore regarded the latter as &.mane. - 

Th0 Madha rlsh 
Ure cannot concur in this opinion: in the 

ptobebb muoh oolder first place the Nummulitic hxb stand in no 
thrn the Bubethu - fixed relation to the &&u elah. We h o e  



loud them in contact withhevery type of rock h the Yudhll_alahs, 
w, that oue muvt ider  that they were deposited on a much deuuded 
suxfwo of tho latter ; in tht: secvnd place tho Madhan slate8 represent 
a type of rock which is entirely foreign to the IGocelle uot ouly Lll 
this part of lndi~b bul aho iu tho dcpoits of the wwtern yortione 
ol the l ha l ayas ,  tho Salt l tuge ,  Baluclustan and other lwalities. 
By hyyothos~s thcy uust  be oldar t h u  the oldest beds of the Su- 
b a t h  ; yet iu noue of the various outcrops of the latter have any 
older or different beds been fouud than the typical red or olive 
shales, the limestone ahd the yisolitic laterite. In conclusion, the 
hbclhtru olates are altogether older looking than any Tertiary rock, 
and we have to look as fax back as the Simla slates, if not farther, 
to find a parallel. 

The only beds, so far as we are aware, which show any resem- 
blenco to then1 are the very variable Jaullsur series. Thc jointed 

Co~.rclahcl with tho 
grey slates with slickensided surfaces, the pur- 

J ilu~lsarcl. ple sen&toues and slatee afford the nearest 
yuw.tlllel to the typical J a w r s .  A closer re- 

de~~~blance than t h e  can be fowd to certain other beds which we 
have some reason to regard as Jaunsar. The quartzitic sandstone 

The Metban qusl+ei- is vexy like the bands of a similar rock which 
tic; sandstone 1,ttrha~b: have been described on page 118 aa occurring 
Lo be corrulabd W I L ~  

t.11~ Jinhtrbu axid on the Mashobra and l\Iahasu ridge betweell 
J l ~ h o b r i b  white yuitrt- the Chails and the Simla slates. This, ae we 
elk. have sew, probably passes along the strlke to 
Iht: south-cicet illto u~lcloubted Jaunsar beds, cont8aining the typical 
~ouglo~uerates, although the two outcrops have not actually been 
traced lnto coutiuuity. iVest oi ~bhshobra the Jawt t r s  thin out 
~ u d  little is left ex~ept  tlus quartzite, aud before reacluug Nuldertl 
bhis also dies out. 

An equally close resemblallce exists between the Nadhau quart- 
sitic: tlaudst~~lt: aud thc band of wlute quartzite, which is iouud 

Llllcl \11111 l l l ~  \ V I L ~ ~ C  
betweeu the Chails aud tlle Blai~ii or S h l a  

~ ~ ~ t a ' t r l t o  below thu slates between bl.ulla and Halog aud south 01 
o i l i ~ 1 1 ~  ~ c ' ~ \ v ~ ) L . I I  S11Ultl HalOg. ' baud hau beell lully disc,usuecl 
.111tL ltalug. 

on pages 97-100 aud there is little reuvou to tloubt - - 
that it itl Jauuar, although its structural relat.ions may be obscure. 
LU UOL'C: thau one place associated with tjhe quartzite, lor example 
at Khanoi, 1;s the blue clay whch has Lem noticed above in the 



Beforu dimwing the g o n d  ehru~t~re of wh& we ruary all 
tho fjbali area, we shall first dwribe tiha rmLn on either rsida ol the 

Itooke in the Nu'auti 
Nguti river bdow the hult ~ m k d  ou ~ c r  

k h d  below AMpahobra. map trs far down thtl bridge. Et iu h e  
t h t .  wo obtain p ~ ~ t i o e l l y  the only evic&~: 

available to  u, uuch as it is, aa to the age of the 8hsb lim~~1bm. 
Wmt of the point at  which the Ksuti aflw flowing south thou& 

narrow, rocky gorge in the Shali limeetone twm sharply st a 

Not Madhan elah 
right angle to the west, l'aher h.a doubt- 

, p*,, rwd, fully identitied the soclitl along the river with 
the Madhen elutes. Wit11 this irlentifiakn 

we wnnot agree. The rocks in question are altogetlLer uewer look- 
ing than the Madhtbn elates; the3 oru grey slates sorue bench iu 
which are strongly carbo~laceous wl~ilu othert~ are soft cram-colourtxi 
&hales ; tllere are no bands of sandstone nor purple: s h a h  aucl quart- 

~ u t  ooufor~~lable zites. They clea~ly dip under the h l i  lime- 
~ t h  the ~ h d i  lime- stone which for11t.s the steeply wending, often 
rltone. precipitous northm-n side uf the river. It can 

hmdly be doubted that there is a g a d u d  trlrnsition from the grey 
shtes through slates which contain thin ban& or Ienticlea of lime- 
stone often irnpr~re up into the typical Shali linlatune with black 
~ h w t  bands. The dip8 in the river are generally very rrt.wp, often 
vertiool, hut. diminish rapidly its the distance iron1 the rivw incxeaiiw. 
Apparently they for111 an antiuliwl fold, of which the northeru 
limb dips under the Shuli lilncutone whde the wuthern limb dip8 
under the Chail sltlfe and li~neat~one e e r i ~ ,  which ehowcr p r d y  
the same characters L L ~  in its other outcrops and extende from the 
village of Thai1 up to the outcrop of mwive quartzite some 1,W 

Overthruet by the feet below the hiaahobra ridge. Its junction 
limwtone-aleb with the Chails ir; a continuatiou of the eama 

.~r iw.  outcrop which we have cormcluded to be fke 
trace of o thrust ybue (page 117), probably rjhifted shghtly by a 
lault as shown iu the map. 

At the southern end of the gorge mentioned above the O U ~ G C O ~  

of the Shtbli limeatone ends suddenly and is ctontinued again much 

Crow -faulting below further to the north-east, so that tlhere L 
the gorge in the Neuti obvio~~lly a fault. On the south-astern side 
river. of this fault is a narrow outcrop of typictrl 
Naclhuu eltrtcxl comprisiug grey, jointed dates with vein quytfz; 
purple quartzites and dates and tntwtlive w k t e  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. Thie 
outcrop of the Madhan slates dies out before reaching tho large 
nab which runs into the Nauti from the south, but in this nala 
about 160 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 elatee 

Brgamenta basring underlay the Nummulitic limestone confonn- 
on the age of the ably, considered that the Shali limestone was 
Shd limesfone. Lower Eocene or Cretaceous. Now, with the 
strong probability that the Madhan elates are Jaunsar, this judg- 
ment must be revised. The Shali limestone undoubtedly underlies 
the Msdhan elates. Therefore, we have the choice of two alter- 
natives :-(1) that it is really older than the Madhan slates, or (2) 
that tho Madhan elates have been thrust over it. Against the 
former supposition we have :-(1) the unrnistake~bbly ilenTer appear- 
ance of the carbonaceous and other qlates that lie a t  the base of the 
Shali limestone ; (2) the fact that i t  is by no means always the 
sarne bed in the Madhan slates that rests on the Shali limestone ; 
(3) if the Subathus were deposited on a denuded surface of Mltrlht1.n 
slates (Jaumars by hypothesis) cornbirlcd 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 i t  is the object of this 
paper to  demonstrate, and that is the view that we shall adoptl. 

That the Shali limestone and its underlying slat'es may repre- 
sent an entirely different frtcies or horizon of the Simla series from 

Correlation with a that with which we are already acquainted 
part of the S ide  eerie6 is, of course, po~sible. In that case their posi- 
aonaidered tion must 110 a t  the very top of the Simla 
series ; for i f  they lay unconformably below the Naldera li~nestonc, 
it is impossible that they should be missing between the (Ihails and 
the Naldera linle~tone in what has all the appearance of being a 
normal unfaulted wt ion .  It is of course conceivablo that they 
should have been entirely removed by denudation before the deyo- 
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eition of the Naldera limeatone on t.he Chails, hut in that olrse we 
ghould have to regard them tw a didinct eerie6 ahgethm from the 
Simla dates. 

Oldham correlated the 8httli limestone with the Deoban, but 
on what ground8 we are unaware. It oert,airJ,v b r a  no litholagicsl 

Imsoorral.tionwi~ rerrenlblance td it, but the temptation to c a m -  
the h b m  limertons Ihte two auch thick limeftcme aeries L etrsne;, 
porsible t and uince the dbtnnce that. sepnrates thenr h 
great, there is a likelilmod of the character h a k i n g  altered in the 
intervening area. A correlation of the Shali with the Rro' lime- 
stone might perhaps he regarded a8 equally tenable ; at  the aame 
time the smaller &tance that separates the Hblali from the Krol 
outcrops ae oomyared with the Ileobnn militatm againat the enfirely 
different character of the Krol and Shali limedonee being merely 
due to deposition in a Merent area. 

With thew remarks we rnllat leavo the age of the Mali l i m d  
~nsett~led. The solution of the problem will douhtlces come when 
the Shali sud Naldera outcrope are traced round into the neighbur- 
hood of Arki and Subathu, or perhap will he found in the country 
to the north of the Sutlej. 

One or two points remain befo~e we leave the Rhali area. Palmer 
seems to have considered that the dip of the Shsli Limatane would 

Step-faulting in the 
bo such as to- bring it undex the Madhan 

8hali e~es. elates in the Nauti and ita tributary n a b  
as he has mapped it. round ~ h e r m i u r  and 

elsewhere. We are rather disposed to doubt whether the prevailing 
dipe between the Shali range and the Nauti lend themlves  to 
this interpretation, and consider it more probable that, al l  the lower 
outcrops of the Shali limestone and the overlying Madhan elatem 
and aamciated Nummulitio a b t a  hare been let down by hulting 
later than the overthrust~hg or other phenomenon which m p i m -  
posed the Madhenrr3sfee on the Shali. 

I n  certain Iocalitiau the a u t h m  have seen undoutrted evideme 
that thie has taken place. Thus a prominent hill which ovemhadows 

t.he village of Barhana consists of Shali little 
Faulted inlier of 8hdi 

lhae kh stone capped by Madhan quartzitic wddone. 
Either the Nurnrnulitic beds or the Bfadhan 

da ta  dip toward8 and right up against the Sheli limestone on 
every aide, and to reconcile t h e  with the fact that normally thew 
formations rest on the Sh& seems to be impotmible without faulting. 



Prolonged in a south-easterly direction the north and south 
bounding faulta of the Barham i d e r  cause to cud abruptly in a i t h r  

Chsil seriee direotl direction a well marked outcrop of Shali l ime 
on the 8h.E atone which I'ulmer deems to havu missed, 

limestone. just south of the Nauti river. Num~nulitic 

limestone expotted in tho river bed dips undor towards the Shali, 
which is overlain by typiml Cliail li~nevtones and slates. On the . - -  

downthrow side of the southermnost of the two bounding faulte 
u pro~uiuent band of quartzitic sandstone is found on approximatoly 
the sallle strike as the Shsli h e s t o n e  outcrop for as far in a south- 
easterly direction as the senior author went. 

 he t rwe of the Chiril thrust plane does not appear to have 
been appreciably shifted by the step fault. This circu~nvtance when 

considered togetlier with the absence of the - 
AIttdhan aletes between the Shali liniestone 

of the Chails along the 
t h t  plane s t  bbr and the overthrusting Chails would seem to 
tiate than the step indicate that the Chail thrust advanced over 
faulting. 

this area not only later than the Jaunsar 
thruet but also later than the step faulting. Subsequently to  the 
latter event a considerable ti~rle must be allowed for the denudation 
of the Madhan alatw and the associated Nummulitics which must 
at some time have overlain the Shali. 

Precisely similar step faulting has occurred ill the case of the 
two iuliera of Shali liilestone ;lapped by the senior author south 
of the rYhali peak. 

Figure 3, Plate I, ie a eection through thia Shali area. 
One more word as to  certain intrusions oi dolerite which have 

mleritia intmaiom been found in the M:t&an slates, the Shali 
of the Shali area. limestone, aud the t !Ei;~il litnest one. 

All these rmb are moderately coarse grained and generally of 
a greenish tint as a rC~sult of alteration. 111 the hand specimen 
plat13 of white felspar are fairly prominent. As a typical specimen 
FWI may wlect a dyke intrusive into the Chail limevtone about 400 
feet above Basantpur on the Sirnla-Bhajji road, about 17 i  miles 
from Simla. 

Under fhe microscope t.hc rock is seen to be composed mainly 
of felspar, a q i t e  and -iron ore, with interstitial chloritic material. 

Aiioroscopio charact- 
The felapars aro of two kinds : relatively large 

tnrs of the rook. plates, altered t!> a sericitic aggregate, and 
not esey to determine ; and ~maller but more 



abundant water-clem c q d a l a  which w m  ta be albite. The la* 
ahow 110 twinrrjng, but beve a refractive index tire wmt! r l ~  or dight]~ 
Ic~m than the baleam, and optically positive. The aq~tF. is a 
pale pnrplbh-bmm colonr, with just a faint tracc: of phbrobm.  
3t OCCZWR in irliomorpbic prime, and in ametimtas c l ~ l p  inter- 
grown with tho clear felspar. There i~ n gml  deal of t r r ~ m ,  Rome 
of which is elmorst certainly ihenite. ~nter&tbj cilzh& md&d, 
evidently of late formation, k re~pon"ib1c for the greeniuh c o h  
of the rock. There Reemls also to be a little quartz. 

We may term the rwk an albite-dolerite. 
Another epechen from about 3W feet below a d  to the eouth- 

wwt of peak 8929 on the Shdi ridge differs in having colourleras 
augite, all the felspar~-altered, and a fine interstitial gmnmdmw 
of quartz, fehpar, and a kind of myrmekite. 

It is of infer& to note that prc.cisely sirJlilar m k s  hsva tam 
seen in the Chkrata district, e.g., near Nimgs, intruded info what 
are probably Jaunear qmrtxites. 

XII1.--GENERAL CONCLUSIONS OM THE SEQUENCE OF THE 
ROCKS OF THE AREA AM3 OF THE ASSOCIATED PHENOMENA. 

Having described the rocla of the area md h e  structural fie- 
nomew which they &play we me now in & position to diww 
their relative q g e ~  a d  thorsc of tlhc cliffmrrt movements which 
affected them, as well as of the various igneous intruuio~s with which 
they have been from time to time sasswiabd. 

In moddefing tbe probable order in whkL the various erenta 
took place, t,heze are m a i n  oubtanding; fact5 which tieem clear. 

In the first place, it is indicated that the m k s  s b v e  the upper- 
morst overt.hm~t older than all those hdow, othcmke the latter 
would have shared in tlic high grnde mct*1n1orphisrn which t . h w  
 rock^ display. For it ia unlikely that the placc of origin of tho 
upper- rocks wm so far removed from the Chail and Jaunmr wries 
that the metamorphism wbic.h they suffered was not felt by these 
rocks also. A8 we have already seen, the metamorphiam of t h w  
upper rocks is of regional exteneion, extending prohbly for many 
mile fo tke Y.W. and S.E., and muslt have been felt by the otherr 



if they had been in exietence. The same reiutrrlw, of courde, apply 
to the recumben f311ing.1 

In the second placo the overthr~stiug is clearly younger then 
all the  r o s b  w lich are affectei by it, that  i3 to etay i t  is a t  loiljt 
pod-Kpol, since from the nature oE the structures s!en a t  Sdngrlah 
(p. 32) and ebewhere, i t  is f ~ i r l y  evi leilt that  the Krol w u  involved 
ia fo!ding w h i ~ h  was directly induced by the overthrclsting. 

We can gat even nsarzr to  its &,re than t h i ~  We know that 
in th3 coantry to  the wsst of Simla, as well as in the Shali area to  
the north-eaat of Simla, rocks of Y ubathu age, that  is to say Middle 
Eo3ene or Lutetian, have bsen folded in with Jaunvarv or Simle 
slates over which the Chail sgries has heen thrust. It is incouceiv- 
ablu that  the S ~ b a t h u  rosks should have baen depoaiteil so close 
to the present trase of the thr113t plana if th;ir deposition had been 
subsquent to that  phenoaenoa. Since the Cnsil thrust must un- 
doubtedly havz extended farther than is now the case, i t  is probable 
that  thsje older rocks were actually thrust over the Subathus them- 
s2lves. 

P r o a  a oonjideratiou of these points, we are forced to  con- 
clule that  th-> cru3t maveinants which were responsible for the 
rzmmbent folding and high grade metamorphism of the upper 
rocla (the Ju to jh  saries), and for the intrusion of the Ghor granite, 
wsre quitl? unconnected with tha much later movements which 
w x a  the csuss of the overthrtlsting. While the latter are almost 
se;taiuly of the same age as the great Tertiary earth ~novements 
which helped to  proiiuce the Himalayas as a great mountain range, 
the former cannot poasibly be ;  for in between the two events there 
has to  be time for the deposition of both the Clhail and Jaunsar 
series and the Simla slates tc, Krol set of rocks. 

That the uppermost rozka are characterised as a separate unit, 
is shown not only by their high grade metamorphism and by the 
recdmbent folding which they alone display, but also by the fact 
thbt, both the hornblende-schists and the olivine-dolerites are wholly 
confined to  this set of rocks. 

Again, it is fairly clear that  the regional metarnorp!iism and 
the recumbent f o l h g  must have been more or lees conhmpora- 

It is of oourde uot~coivabie that the C!~lail anti Jeumar rocks were outside the region 
of high gradc metamorl~hism. Rut a, consideration of all the cvidonca lea& the autllore 
to conclude that tho Jutogh aeries ruusL be the oldeat. The point could only be proved 
one way or the other by finding the two sete of rock0 uumoved from the potition in which 
they were laid down. 



neow ; for it aeerns unlikely tbat a large body of rmk ct~uld undwpc, 
folding of this type had it not already been at a bigh teml~matute. 
-4nd i t  waa no doubt this high tem~~erature, togetbet witb the  R t r t i w k  
mt up t ~ y  the folding, w' ich wm the causc! of thr* regirrnal metamor - 
j ~ h i m .  If the folding had taken plwe at a low tunlp~mtnre, thp 
 rock^ would have yielded by ~ T H C ~ , I I I ( '  and ovcctbn~atinp, M wan 
~nhuer;uent!v the cam witb the much later rnovcmenta. 

Another point which baa been clcnrly wveald lry tlte mbpping. 
is that the i n c r e e d  metamorphian around the n o r  prar~itc must 
hevc been produced after the recumbent folding; lor the Eon-, 
in so far a9 they can be made out, run parallel t o  the Foundary 
of the granite: quite irrwy:cctive of the folding. If tbs  i n c d  
metamorphism had been of prefolding date, tben thrre wollld have 
been no such order1 y arrrcngement. 

Wo have already eeen reaaon to  believe tbat the intmion of 
the Chor granite was closely connected with the folding. From 
what he8 been eaid above, then, it muet, evidentfly bave c1oee)y 
followed on the folding, hut before the close of the movemeate, 
far i t  is iteelf highly foliated. Tbis is a common characteristic of 
great plutonic intrusions, that  in general they Eecm to take place 
during the waning stapes of the earth m o v e m ~ n t ~ .  after the mein 
movements have mbeided. 

It may here be noted that  the hornblende-~chi~ta. abicb haxc 
rmfferd in the regions! metamor$m. are never scen cutting tEe 
granite ; whereas the later fresh olivine-dol~riteb do c ut. the 
granite. 

When the later overthrusting took place. tbe ~ c c k s  mabt k a ~ e  
been quite cold. For they bave been fractured and bavc ~uf i cr td  
mahing and shearing, wit,h the prcduction of low ttcrrrerattre 
minerals. Inatead of the r c r h  brivinp yielded kg foldinp. great 
blocks of the country broke up and nele thruet cne over t t e  other, 
each hlock behaving a s  a serarate unit. Cne of thew unit,. vae  
the set of rocks which bad already been folded into great recrrnbent 
folds. Whrthcr all this werfhruding took plarp a t  thr psmc time, 
it is not at pre~ent roeeihle t o  my. But it Eeems likclv that tEe 
three overthrudfi were rouphlp contem~oraneo~i~.  I t  is ~ w ~ i h l e  
that  the uppermo~t overthrust wau tkc main cne. and that  it6 on- 
con ing i ~ d n c c d  the two t h r ~ p t s  below it, in the Pame way tbat 
thew were the cauee of the maller thrusts in the Blaini bec?~. Th, 
however, is purely ~ u l ~ t i v e .  
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AE regards the age of the hornblende-echists, we have certain 
facb to go upon. They have suffered in the regional metarnor- 

- 

phism, and were anterior to the intrusion of 
The hornblende- 

so-. the Chor granite. Hence they are younger 
than the Jutogh series, into which they are 

intruded, but older than its metamorphiam, and were quite an early 
epieode 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 
The olivine-dolerites. 

are later than the intrusion of the Char granite, 
for they me seen cutting i t  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, is at leafit. suggestive of their having been 
intruded prior to the overthrusting, by which they have been carried 
along into their present position together with the msocirtted 
rocks. 

As regards the variouls cross and step faults recognized in several 
localities, it ie obvious that they must be of later date than the 

The cross-faulting. 
greater portion of the overthrusting, since the 
boundaries of the thrust trace am in many 

cams shifted by them. At the same time it seems probable that 
movement along the thrust plane continued until long after its 
commencement, and further that the different thrusts did not start 
or move simultaneously, so that there may have been considexable 
movement not only after the cross faulting but also after erosive 
agencies had levelled the unevennesses or exca.vnted the surface. 
A eection near the Srnj river, just east of Barhana in the Shali area, 
seems to afford some evidence of this having happened. It is de- 
qcribecl OD page 126, where it is suggested that tho Chtmil rnm hrts 
moved subsequently to cross faulting which has brought up a block 
of Shali limestone right against the preuent, Chail thrust traco with- 
out shifting it, and also ~ilhsequent to the denuding agencie~~ which 
have removed the Madhan s la t~s  (prohrt1)ly .Tsunssr) ,~)roviol~sly 
thrust over the Shali limestone. 

From the (lcscription and sections given above i t  is evident 
tlhntvttlie t.hn18t planes no longer have their original horizontslit,y. 
It' foll~ws,~therefore, that these pl:~nrs mlrst ht~ve 1)ei~n warpe~' to 
a greater or lelss extent since the o\rertI~rn&ing. 



~ ~ b b  of tbeeaqucnocl We may thclnfore repremnt; the sbq~mce of 
of evente. event8 in tabular form rn follmn :-- 

(u) Deposition of the Jutogb ~ r i p s .  
(b) Intrmion of hatic u i l l ~  and dykes (now horablsndewbirrte~. 
(c )  Recumbent folding and regional rnetamorphieum. 
((1) Intwion of the n o r  panite towartla end of (0).  

(e) Intrmion of the olivine-dolerit~. probably m n  after Id). 
(f) Depo~ition of the mail  and J a w r  scrim. 
(g) Depition of the Simla ta b o l  wriea. 
(h) Dep~ition of the Subathu e e k .  
( i )  Folding in of the Suhathu with the .Jtr\msar, Simla, and 

Rlaini wries. 
(j) Main overthruafing with low grade metamorpbm. 
(k) Cross faulting, and warping of the overthrust planpa. 

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 relatiom of t,he different eerie8 
of rock8 to each other, and for adopting the general drtatigrctphirrrl 
succasion and the sequence of ewnta presented in the table on 
page 3. We still have to face the far more difficult p h l t m  of 
determining the act.ud age of each rock p u p  and ita mmhtion 
with the ~tandard horizons of India or elsewhere. In the entire 
absence of fossils. this is well nigh inaohahie, and at the k t  we 
can but hope to arrive at a provisional mult for some of them. 

Amongst the various identities which have met with most g e n d  
acceptance, at all events until 1WA. w w  that of the carrelation - 

Oldham's correla- of the Blaini boulder-bed with the Talchir 
tion of the Blaini with conglomeratv at the h a ~ e  of the Peninsular 
the b'alder Gondwnnm. now regarded as Upper Carboni- 
ferom, and with a bouldcr bed at the ham of the Prodnctu~ Limeatone 
of the Salt Range. The glacial nature of the Blaini boulder bed 
was established by Oldhram in 1887 (pp. 144-145) ; and the existence 
of scratched boulders, found bv Middle& in the Rlaini conglo- 
merate in the Neweli valley in East, Sirmur, and by himself in Simla, 
WAH qilot~(1 in support of the theory. Other srrrstchcd ho~~trlers 
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from tbe Blaini beds of Simla were photographed by Holland in 
1908. Oldhaxu in 1888 brought forward evidence for correlating 
the Blrtini with the Talchir and Salt Range boulder beds ; the over- 
lying groups of tbe 111f-r~-Krol ~ n d  Rrol fell into their place as latcr 
I'ala ozoic or Mcsozoic and with them the Jlitogh series, which 
was regardcd as a variant facics of the same. 

This was accepted without question until 1905, when Holland 
euggested that  all these rocks were the parallel of the great Purancl 

system6 of the Peninsula, and Cambrian or 
Queutionecl by 

IIoUand, who regal.ded pre-Cambrian. In 19C!8 he discu~seti t'he ques- 
all the Simla reeks tion in greater detail and supgested that the 
of Pursna age. Bla'ni boulder bed was more likely to  be the 
equivalent of the Cambrian glacial boulder bed, which has been 
recognized in South China., Sou.th Au6ttralia, South Africa and North- 
ern Europe. The quest:ion 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 conclueions were based on t a o  
Holland's argnmenh. main arguments :- 

- (1) That the absence of fossils throughout these aystems in the 
outer Himalepa was incompatible with a correlafion with the re- 
markable succession of foa~iliferous heds on the Tibetan side of the 
central Himalaga~i peaks. 

(2) T h ~ t  i t  is remarkable that in the outer Ilimal:~yas, st rat^ 
older than the assumed Palxozoic rocks and correspo~icling to the 
([reat pre-Cambrian ullfossiliferous systems of the Peninsula should 
not have been caught up in the folding and be occasionally exposed. 
Hayden further cornm~nt~s 011 the fact that the Daling and Baxa 
metamorphic series of the Eastern 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 Hollancl wrote his paper, 
which bears directly or indirectly on this question, and however 

The present and other 
great the justification for a doubt ~eenled 20 

investigations de~troy years ago. we now hesitate to  rejrcht Oldham's 
the force of H o I l ~ ~ l d ' ~  general (,orrelation without considerably more 
urgumente. evidence. IIolland, himschlf, if ol:o may judge 
from J rcmparison between the 1st (191:'; ctlit'ion arid tlre 2nd (1926) 
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edition of hi8 Indian Geo'ofcal Tcrminolopy (rmpare e~pciailp 
1 ~ t  edition, p. 60 with 2nd edition, p. 92) holdfi very much lw~l pro- 
nounced views on the correlation of thc Blaini than he did fmrl lv .  
Our own result* Rervc to  ~trengthtxn Oldham's pouitinn consider- 
a.hly. 

If the conclt~siona of the pre~ent paper are ac~eptzd, we now have 
two grent serie~ represe~lted in the 8imln region-the Chail and thc 
Jaunsar series, both of which are sc3nlc~ Eat met,smorphmd, w h w  
existence Hollanci did not euipect. Thew! entirely fill the demand for a 
representative of the yre-Cambrian gro~lp of the Peninsula in the 
oubr Himalayas. Furt-h~r, if we were to conaider the flimla dates, 
tbe Blaini, the Infra-Krol and the K ~ o l  as also yre-Cambrian, we 
shol~ld have a far greater thickness of strata than would naturally 
be expected, to fill the  place of the C'uddapah and Bijaaar spbm 
of the Peninsula,' even i f  we do not inc11:rle the Jutogh ~ ~ r i e ~  with 
the other two. This. in any case. we consid~r unlikelv, e i n r ~  the 
high degree of its metamorphism inclinea ~ l s  to regard it aa Archwan 
and equivalent to the Dhamare. 

With regard to the fir& of Holland's arpmenta, i t  might equally 
be cont.ended that i t  is just as extraordinary that the whole fmi- 
liferous sequence from the Cambrian to the end of tobe Cr&aceoas 
~hould he unrepresented eonth 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 peaka. We do not coneider t h d  
the abeence of fossils or the failure to find them in any one parti- 
cular aeries of rocks ie any real proof th& life did not dl at. that 
period. Examples might be quoted for similar anomalies, but we 
might recall that Pilgrims hils shown that the great 'Oman seriea 
of Persia and Arabia, which probably oontainm in ife complex rocks 
extending from the Ceslhrian to the Cretaceous, hm only yielded 
fossil0 one or two localities of extnmely limited m a .  These 
fossils, poorly preserved aa they are. have afforded proof of the 
existence of Carboniferous, Trirrasic, Jurassic and ~ c e o ~  bon- 
zons. Further the Hormuz eeriee, reprepenting no doubt a terns- 

' It will ha Reen that the Vindhyan series ia not included with the other p r e a m -  
brian groups, since the latest evidence from fossile pro\-0s apparently that b~ p a t  p r t ,  
i f  r ~ n t  entirely, it is of Cambrian aae (Rer. Oeol. Pun*. Intl., T'ol. IX,  p. 18, 1927). 

Pilqrim, The gco1og-y of the Persian Gulf and the ~djoininp portionlr of Persia and 
-4mbit-1, ,?lr?n. Qcol. 6'um. Ind. ,  Vol. X'SZI'IV, pt. 4, p. 92 (1W8) ; The prology of part8 
of the Persian provinces of Fam, Kirmen end Lsri~tan, Hem. ad .  S B L ~ J .  id., \-c91. 

SLVIII, pt. 3, p. 13. 
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frial part of the 'Oman complex,  ha^ been searched repeatedly for 
foseils without avail until 1925, when a party of the Anglo-Persjan 
Oil Company were fortunate enough to discover in one small spot 
trams of undoubted Cambrian Trilobitw. 

D. N. Wadia ha8 described a aeries of slates and quartzites with 
a canglomerpste at their base in the Pir Panjal range of Poonch, 

reating on the Panjal Agglomeratio-Slate md 
hndw- correla- Traps.' On the Kashmir side of the Pir Panjal 

tion of the BlJni 
~ a f r e - ~ , - ~ l  receives Middlemiss and Bion have shown that a similar 

n p ~ o r t  from Wadia'~ ~eries of beds oontaining in one place Lower 
Pir Panjal work. 

Gondwana plant fossils rest on the Agglome- 
ratic-Slate, which also contains Carboniferous fossils occasionally. 
D. N. Wadia bss, therefore, correlated the serie~ in Poonch, dmost 
with certainty, with the Gondwanas. Whether the boulder bed 
at  their base is glacial or not is still an open question ; but in any 
caae on the aouthern 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 sandetone 
do not afford a bad parallel to the unfossiliferous Gondwanas of 
the Pir Panjal. The undoubted existence of Gondwanas in tht. 
outer Himalayas to the east of Sikkim, renders it a11 the more 
remarkable that in the intervening area they should he 
miming. 

Oldham (1888, p. 138) came to the conclusio~i that the sand- 
stone, named hv Medlicott t,hc " Krol sandstone " is unconform- 

al~le t o  the Krol li~ncstone and belong to 
Oldhem's reference- 

of the " Krol sand- tho same ueries ns trhc ?'nfra-Rrol. The  author^' 
atone " of Nedlicott to observations quite confirm this ; 4 milca S.E. 
the Tnfra-Krnl ~er iee .  

of Solon on the northern foot of peak 5236, 
in what seems to be s. continuous section from the ~nf;.a-Krol up 
info the Krol limestone, the thickness of the " Rrol 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 between the Rlsini and the Infra-Krol. We, therefore, in- 
clinra to regard these t,hrce ~nernhers 8.s a, single group, wllich ~ v c  

would provisionnlly corr~late with the Gondwanas. 

General Report of tho Gcologigicnl Survey of Tnrl i : l  for 1024. 12ea. C'enl. Saw. Ind.. 
Vol. IJVITI, p!~. (11, 02 (192.7). 
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W h d e r  the underlying Dagre dates of fbe Pir Panjal a m  
(Wadia, 1928) ere the aame an the Simla &tse can only be a am. 

The Bimla wries jecime. Lifhdogicallg they me very aimilsr 
pbesib~y the equiva- tuld are equally devoid of fmile! if we atept 
lent the a single G&opocl e.st which Wadia (I 927. 
p. 233) auggmted might belong In ra, lakr formation than the Ihgra 
slates. 

Still mare besrdoue ia it  tn attempt my cornlation of tbe 
Krol with one of the numeroae postrC4arbonifmua limsetonea which 

Codation of the 
bave been r&mgnized ebewberp. It may, bow- 

Kro] qata unwdsin. ever, be, worth recallina the e! istcincrb of the 
curious limeatone inlier between Dandli and 

Riasi, in Pooneh lbnd Kadunir states. Thie hae been mentioned 

The R i e i  Jnraseio 
by Mdlicott,' and hss since k n  reported 

inlier of Poonch. on bv D. N. Wdia.  'Sbie is entirely mr- 
rounded by Eocene and Upper-Tertiary m,h, 

and bears no mmnblance to the Psl~oeoie formatiom which -0 

exposed in the Pir Panjal range. No observer blbs been anccessful 
in finding any undoubted trace of a fossil in it, any more than in 
the Krol limestone. The early obwrvm regarded it a.9 Mmzoie, 
and it ia not impossible fbat both it and t8he Kml map find a place 
in the system. 

Geological work is now sadly needed to link up the two UWM 
of the Pir Panjal and the Sida Hills. Pmibly t*his can never be 
done oompletely, as a gap exieta throughout the do le  of Kangrs, 
where Tertiary rocks conceal everything else fmm view except for 
a narrow strip on the inner edge of the valley flanking the crystalline 
rocks : but we may yet hope that repramtative~ of the Palx*ozoic 
nnd Mesozoic systems .of the Pir Panjd wi{l he proved bp fw i l  
evidence to exist in the Simla area. 

Hitherto h a i n  highly metamorphosed I ) ~ R  e x p d  at Simla 
and elsewhere in the hilly county tlo the east, which rmt on the 
unaltered Blaini beds and the Simla slates, have been corrt?lstd 
with the I&-Kml and Kml series. The authors consider @p. 
8-9) that none of the theoriee advanced to account for their metat- 

blodlicott, Note upon the SnbBimalapn earia itl tho J ~ m u  Hillrr, k. Ud. 
;CWW. Id., Vol. IX.  p. 53 (1876). 



136 PIL43RIM (e WEBT: STRUCTURE OF SIMLA ROCK@. 

morphism are tenable, because they involve a sclectivc metamor- 
phism, which ia inconceivable on such a ~cole.  Tn view of t.he 
con~tancy in charmter of the Krol limeatone over large areas anti 
the fact that tvpical exposures of i t  occur a t  no great tlistance from 
the metamoIpl;osed beds, they think that  the Sirnla rocks, even 
were thev unaltered, are too d i f fe re~t  from the Infra-Krol and Krol 
to rcncler the correlation plau~ible. Tn addition the simple atructnrt. 
displayed by these rocks on the hypothesis that they represent 
~trt~ight-forward strakigraphical sequence is incompatible with t,he 
alpine type of folding such as the Himalaya~ undoubtedlv display. 

It is now suggested that these metamorphosed roclts belong to 
a much older series, disposed in several (pp. 74-81 ; 1C'O-lC'4) flat 
recumbent folds and tthrust over the Blaini and Simla ~lntes  along 
tr nearly horizontal plane. Subsequent denudation has left t,he 
overthrurrt older beds as outliers on younger rocks. Evidence of 
this is adduced by the existence of a section (py. 14-18) in 
which two dist.inct bands of Blaini are overlain by two series of 
quite different lithological composition both of them metamorphoged 
and neither bearing any resemblance to  the Krol. One of these 
two aeries is correlated with the middle part of Oldham's Jaunsar 
series ; the other, to which the name oi the Chail series has been 
given. has been recognized on the Sirnla motor road and in many 
other places hetween Simla and Chakrata. Neit'her of these is 
sufficiently mct.amoryhos~c1 to be Arc-hrran, so that it is suggested 
that they are both Purana. In tht. same scction. resting on the 
Chail aeries, is n series of ca~rbonaceo~is slates, limestones and quart- 
z i t e ~  which are identical 1vit.h thc a~etamorphosed beds of Simla 
itsclf. The name of Jutogh series is proposed for them, arid on 
account of the high grade of nletamorphism which they exhibit, 
they are regarded as Archaan. Thc only explanation of the sec- 
ti or^ is that three overthrusts pass through the area. Geological 
mapping affords additional evidence of this, by demonstrating that 
each i~ssumed overthrust is also u marlzed unconformity (pp. 19-25). 
The three overthr~ists have been traced with occasional gaps of 
observation from the Simla region to  t,hc  hill^ west of the Tons 
river. 

The connection which the metanlorphi(- locks of the Jutogh 
series hear to the Chor granite nlnsfl and the zonnrj- ~rrnngement 
of secontlary min~rnls around tllc granite., irresp~ctivch of the rt-  
clunbeut folding (pp. 60-74) load tho a~lthor* ta  infer that. t,he 



ntrusion of the grtuute wae oontemprwus  lwrth with the mum- 
bent foldmg and with the nletamorphiem, though it mery have 
played only tt eub~idhry part in producing the lsthr pbmomena. 
It  follow^ that thew are all oi Archm~u age and prior tO the  depo- 
sition of the Ckail wrieb. Tho granite is, therefore, not Tmbary, 
as ha8 often been suggesltd (pp. 127-131). 

In the Chakratn urea the authon, conhrw O l b ' e  attribution 
of the Ueoban liuesto~le to a seriea mtermediate in age between 
the Jaunaaru and the Blaiui, and euggest that it may be tbs equiva- 
lent either of the &liarbatti li~necjtone north of 81rbnthu (identical 
with the Naldera limeetone north of Simla). or of the Shah bwtone,  
and of approximately the same age w the S d i r  seriw ((yp. 44-45). 

The J a w r  series is considered to be intermediate 111 agc b e t  
ween the Simla scrim aud the Chail seriw. The limesfones provi- 
sionally placed by Ol&m at  the bese of the Jnwuxr series the 
authors regard as belonging iu p r t  to the older Chail aeriw, in put 
to the Krol (pp. 37, 47. 49-60). 

It isl suggested that it may prove newawry to reatrict the term 
Jlaunsar to  the middle division of that series, m d&d by O l b ,  
since there is evidence that itla lower division is B parL of the CZlailsl 
unconformable to the Jammr, while the upper division provw in 
some, if not in all caaes, to be another part of the ('hails presumably 
thrust over the Jaunsar (pp. 41-43). 

A cursory examination of the area E. aud K.E. of Sirnle iuclud- 
1% the Shali range has not confirmed many of R. W. Palmer'cr 
suggeatione. Thc Subathu outcrops a p p r  to be unconformable 
to the Madhan slah ; we comider the latter as probably much 
older than the Eocene and provisionally cbrrelate thcm with the 
Jaumar seriea. The extensive outcrop of cleavage slates and lcnti- 
cular bands of lirneetone is identified by us with the Chad series, 
which seems to be thrust over the mingled Subthu and Madhan 
d a t a .  The latter formations ssem ta be thrust over the Shali 
limestone. Conclusive evidence as to the ege of the latter is lack- 
ing, but there are some indications that it either collucidt~s with or 
succeeded the upper portion of the Simla series (py. 120-lb&). 

Evidence io available to show that there are etratigraphical 
unoonformities between the Chnil and J r r w r  =ria (pp. 47-43) ; 
between the Jaunsar and the Simla 8eries ; between the Simls series 
and the Blaini-Krol saudetone seria (yp. lb, 18, 32, 37, etc.) . 
between the Krol sendstone and the Krol limeahue (p. 136) ; 



sad between the Erol limestono md the Subathu (pp. 95, 97-98, 
123). 

In view of the existenae postulated by the authors of three thick 
wies of rocks, all older than the Simla slates (previouely to this 
r e g d e d  as the mwt ancient rocks of the area), it ie augge&d that 
the thickness of Yu~rtna would be unreiteonably great if Holland's 
theory be amepted that the Simla slates, Blaini, Infra-Krol and 
&ol are also Purana. Holland argued that since the Cambrian 
to Mesozoic systems were fowiliferous north of the Central Hima- 
layan peaks, rocks of this period, if they existed south of the snowy 
range should alao be fowiliferous ; but it is a t  least equally incon- 
ceivable that whereas representatives of the Yala?ozoic and Meso- 
zoic systems occur in the Pir Yanjsl range and also in the Xaatern 
b e l a y a s ,  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, Ma-Kro l  and Go1  andstone ~ l s  Gondwma. Litho- 
logically they may be compared generally with e series of boulder 
beds, quartzites and s l a h  which Wadia (1928) hw shown to exist 
in the Pir Panjrtl range of Poonch and to be almost certainly Gond- 
wanas, altbough these also are uniousiliierous. The 8imla slates 
closely rese~nl~lc? the Sttock and Dogra, slates (Wadia, 1928), also 
apparently unfossiliferous, and both series may be older Palaozoic. 
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Benoti . , 

Beme . . 
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Rarog . . 
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htd  . . 
Beola . , 

Bhalag . . . 
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Ludihane 
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Maham 
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Mand . 
Mandhali , 

Rfangan . 
Manjat . 
Mnreog . 
Matthobra . 
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Nshor~k . . . 
Nailma . . 
Naldere . . 
Naog . 
N h n n d 8 .  . 
Naurr . . . 
Naumghat . . 

Nauti ( h n j )  (river) . . 

Noh& rn 6 . 
Neweli (river) . 
M g d i .  . . 
Ninqp . . . 
N ~ U  . . 
Nohm . . 
O l ~ n g  (hill) . . 
Pahooh . . 
Plrdrog . . 
Pain Knfw Dhw (ridge) . . 
Paj el . . 
Pal . . 
P d l h i  Qbat . . 
Palor (rivar) . . 
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.30 454 

31 11 

so 67 
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30 51 
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30156 
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Name. 

- 

1'anhot.i . . 
Yanti . 
Parde . . 
Parari-ki-kkad (river) . . 
Patcri ka Deo (river) . . 
Patenri . . 
Pau ka Ghet . . 
Penra . 
Pemi (river) . . 
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Piroi . . 
Prmpect Hill . . 
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15, 16. 
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25, 28, 29. 
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-109. 
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16-20, 71, 74, 75, 
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22, 23, 84. 
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11,12. 
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Latitude. 
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31 6 

31 1 
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30 45i 
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30 41 
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30 37 

30 50 
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-- 

0 I 

77 14 

77 7 
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77 17 

77 2 

77 53 

77 2 

77 26 

77 18 

77 17 
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77 18 
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77 39 
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77 53 
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Bergam . • . • 
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Shekoh . . 
Sheole Khda (river) . 
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Sunel (river) . 
Tandaleil (river) . 
Tar8 Devi (hill) . 
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Than8 . 

Thumari . 
'I'l1uncl . 

Tiknr-ka-khdm (ricer) . 



Topi . 
Udpalta . 
u w  
Uproli . 
Wekne . 
Ym . . 
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