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V.-Tre Glrnrssosu Rocrs o6 rns I[rrra.r,Ar.r.

"' l;,1; "'.:l;iil t;lil';i*l , ,
IT 

lrnd not been my intention to publish anytLing on this subiect
.l at-present, as r hrve in preparation a re.'ieiv 

"e 
it. n.*."i'.t"i"

of our knorvledgo ol Him.alayrn geology; but os cJii. i l"rr"" r",
started the sub^ject, and his p"per-is noi exhaustivu, t t.oJtt u-ioito*_
T_q-:*lt*^:f^rtrar 

parr wtrith retares to the gneissose ;;;[; ;_y
urove Ot lnte lest .

,.Tll-q:.yse^or 
granitoitl rocks of tho Ilimalayas ma,y be divicletl

rDtO [Dree groups:-
(1) $r funilamental or t, Central " gneiss of Dr. Stoliczka.
(?) Tlr" orthoclase, 

li"ilty 
porpbyritic aorl goeissosf g*"itur.

(3) Tho oligoclaso granite.

, 
'Ihe last of these 1pF.u". to be clistinct from ancl of lotsr clato than

the hrst trvo, and lvill not bo further referrec-l to here.
- The funilaruental, or, to 'se the te'm urrcler rvhich it was firsL
describecl, the-central, ,gneiss-consists of a great thickness;f c;;J;i:
l ine roclis. In the l itt le disturbetl sectfius of tfr. Uno.."F;;;;
valley in Bis-sahir it is seen to unconformubry un,iorriu iJ.il ;il;;
r have little doubt are the equivalents of Dr. stolicrkJs srllu ;*i.i
of silu'ian age.- Both by liihologicar structure ancl nrode or o..u"-
rence, these beds aro shown to 5o of metamorphic, n. oooo..d-io
intrusivo origin.; tbey conroin beils varying'fro^ 

"fr '" i;-;,,;;t::.p.T, ro &rrD0sr pure qua_riate-or_nrica_schist, bui felspar is seliom
artogether rbsent; some of trre betls are &u0engrreiss, tLe eyes being
lenticui,rr in form,. lying in accord rvith the phn.. oi rotiuiio;;;;d:
as rega'tls tbeir interrral st*rctn'e, consisring or o riogiu t*i*;;
crystal oI orthoclase.

on the section over tbe Bab-eh pass, thab first exarnineil by Dr.
stoliczka, the becls are more cristurbeci and more rnetamorpliosed.
Highly foliatecl beds are rare, ancl ihe rock ;, f", il.-*;J;;;;;
po.l l:.t less 6ne.grained granitoirl gneiss : some betls *.u n,,g;g', ir,r j
rD whrch th.e eyes sti l l  mnintain tbeir lenticultr form, it ouglr, ai
l l f. le, 

tn.tr, lave more.or less.acquired an outl ine in conformity"with
thelr-crystaUrne. structure; tbese crystals, however, sti l l  l ie-alonq
tbe plnnes of_foliation or very slightiy oblique to tbenr. 

- --- .---..b

There can be little doubt t-hat it ii rroJ the fusion of these beds
that the gueissose granite .was derived. Typically ihi. .;k-;;;iJ;
of a sonrewhat fine-grairred, slightly-foliattit i  matrix, through which
porpbJ.rtrc cr;;sfals of.orthoclase aro seatte'erl ; tho crystalJ exhibit-
lng no detinrte orientation, but being scattered about wirh their axes
pointing in elery direction, as deJcribeil by Col. nlcllahon. 

-it

occurs rn large- rntrusive masses, or in veins of various thickness,
u-sually intruded parallel to the bedding planes; the former usualrv
.qo.y f".{ slight signs of foliation, eicept near their boundarieJ.
wnue the latter are armost, if not q.ite, invariably distincily foliated.
Ae the veins are traceti u*uy froro their- parent *isses, ihe
larger crystals of felspal upp.i. to be left bihind, aoa the'rod
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gradually ceases .to be- porphy-ritic, and_ sometimes contai's merelv
a small .proportion of f'elspathic material. Iforv genyplgt" il-;it"
assumption of a _gneis_sose and. loss of the granit ic struciure ,"" ; ;juclged frorn the fact that sp-eciruens frornlne e\posur.e, ,nt i.idi
be show' to be i,trusive, have been examined by Col. I\Ic.I\Ieh;;
and d.eclared. by him to be a true gneiss showing no sigos oi
intrusive oriEin.r

col.  Lcl l ihon has shown that t l -re microscopic struct.re of thir
rock, .as well  as_the inclusions of mica-schist i  prove i ts intrusi;
nature. I .mayadd that the same is shown by i is mode of o..u. l
rerrce, by tho manner- in rvhich it cuts acrosi tbe ,be,1,ling of ihe
rocks among which i t .  occu's, a.d by the invariablu o""o*uo.e oi
contact metamorpLism in the neighbo'rhood of any lurg. tou.* oi iC
The intrusion, in many- cases, doei not seem either to"har,. 

"*ra[or been_ acco-mpanied. by any considerable disturbance, but to have
taken placo by a fu_sion_ (or solution) and absorption of the roCke
which.it lias replaced. These often continue with-a perfectly steadi,
low dip r ighb up to a. large mnss of thc gneissose graniteiand eid
abruptly there ; y-et the intrusivo nature of the gianite is ehowir
by. the.presence of incluiled masses of these very r6cks. Tho sano
thing is indicated by a study of the intrusive sheets; thev con-
stantly-thin  ̂ ou! and thicken lvi thout any disturbance of the border.
ing bei ls, rvbich sirnply r.un up to tLe edge of the gneissose Eranite.
an.l stop there abruptlJ i tbe gr.anite itself too becJmes nrore' micaj
ceorls or more quartzose- (accor.ding to the prevailing type of rock it
has passed through) antl less t'elspathic th-e furtheiit-is traced from
its source, indicating a gradual increase of impurity. But tbe moet
conclusive ptoof I  know of is exhibitet l  Uv tne sections on the
eastern side of the Chor l \ Iountain. I 'ho southern sections show s
considerable thickness of volcanic becls, altered to more or leeg
schistose honrblencle rock; rvir i le on tho northern sections these
bornblende rocks are absent, but the granite has beconre so highly
hornblendic that tbe glound-mass is of i  darl i  green colour. thro; in!
up the porPhy.it'ic crystals of rvhite o'thoclasiin a most conspicuoui
manner'.

Befole passing on, it nil l  be well to explain tow these two
clistinct, rocks carne to be confused with each-other. In tbe Sutloj
Valley, between Simla and the \Yangtu,bridge, there are extensivi
exposures of gneissose rocks ; tlreJe are aimost all the gneissoeo
granite, b.ut orving to similality of l i thological appealance a-o.l abso-
luto ̂ continuity . of' outclop, they were 1er-r'oneou^sly) confouudecl by
Dr. Stoliczlia wi^th. the granitoirl gneiss ivhich is e.rposecl almost to
the exclusion of intrusive gr.anite on the ascent fiom the Wangtu
briJge to the Birbeh pass. in l8T7 Col. I\Icl lahon published'r -

I)aper on the "Ceniral gneiss" of the Simla Il imalayas;ln which he
(correctly) ir lentif ietl the rock o[ tbe Clror anil the dneisso.e granito
intrusions south of tbe Sutlej rvith tLo rock of t ie Sutlei Valley.
In 1883 he shorved that rvhile'tlie rock of the Dhaolatlhur. wlri.h f,o '{i.
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sborsn to be a true gneiss, it presentetl all the cltalactels of an

fg,reous rocL. In this paper ho droppecl tLe telnr grartitoid- gne.iss

iir {ir"our of gneissoso granite, and atldeil tliat " it is for cousitlet'atton

1ohetl te. t l re*tertn 'cen-iral gneiss, '  int loduced l ,y t l ro l i r ie l lurented

Dr.. Stoliczlia, ancl since usecl to denote tlie 'granitoiil gnciss' of th.o

North-West I l imalayas, shoulcl not be discontinuetl  in fr t t t trc" '

Consideration is entirely in favour of this proposition, brrt agtinst

the total abandonnrent of the term " ccntlal gneiss," rvbich nrly st i l t

be con"eniently usecl for the fundamental gnoiss, the oldest rock,

in the Hirnalavas.
Tbo separaiion of these two rocks in the field lvill often be a

matter of difficulty, and not always possible, except wlere. the

qneissose or the intrusive characters are well  developed; t l ie micro-

!'cope rvill not aid in tbis, for, as I have remarkecl above, in one case

it hns declarecl rvhat can be sholvn to be an intrusive rocli to bc a

metamorphic gneiss, rvhile some of the rnore granitoid folurs of the

central f ineisJshow so l i t t le fol ir t ion and are so grarr i toid as seen in

a hand s"pecimen, that I  doubt rvhether even microscopic.examination
rvoulcl give a clecidetl answer as to whether thev -are.glanite or gneiss.

The geieral result then is the satisfactory one (for it is always rnore

satisf'actory to confirm than to refute a previous ofqerver) that- Dr'

stoliczka ivas correct in clescribing the bldest roch he observed as

i qrrisr, rv;ile Col. I\Icllahon is e(ually correct in maintaining that

i tr i  ro"tt  of the Sutlej Val ley ^oci t t t"  DLaoladhor arc granite'  .  I

mav now l)ass on to consider t ie c*t, te of the fol iat ion of this granite'

io consi, lur ing this question, i t  is necessary to dist inguish betrveen

the larse, sl igLifv fol ia-ted mosses ani l  the dist inct ly fol iatecl sheets.

In tl_re"fo'rnJr cise tlre obscure foliation is probably in the mni' a

io.- of fluxion st'ucture, but the well'developed foliaiion of -the
tbin sheets, rvhich aro occasionally sufficieutly fissile to be used as

flags or roofing slates, cannot be solely due to this cause'- 
ivh",r 't"e fi,ia intrusive eheets of a-ferv feet, or even a few tens of

feet, in thickness, extentl ing for miles rvit l ioui moro tban mere local

variations <-rf thickness, it frust be evident that their fluidity cannot

have been in any greaf tlegree due to excess o[ tem-perature; in tho

case of the thinneisheets I do not thiuk that it can have been in any

degree .lue to this cause, but rather to a clifferenco -o! ggr-nposition
*] i ich enablerl  the gr.arr i te to maintain some degree of f l -uicl i ty, n'hi le

the rocks into whic[ it was intruc]ed remaineil solid. Whatever this

tenrnerature maY have been, it lvas sufficient to rnetamorphose the

secliurentarV beds which bave alrvays been convertecl into more Or

less perfeciscir ists, that do not exbibib any marked i 'creaso of meta-

.orpi,i.- near the sheets of gneissose graniie intlucleil into them.r

1 Contact metamorphism is only conspicuous in the case of large infrusive masses.
The .tatement in the'tert ,o"y ,rdnr incbnsistent with that of Col: tr{c}Iahon regard-
i"* tf*.iGnifr metamorphoiJd .oiiai,ion of the slates in contact with the outertantl
f,ib n;;'t."3...;oriir io ifi. Dalhousie region ; but the particular elates referred to are
;;ri*h;;;.i;t*i"iit.a by a much gr'*atei potrer of resisiing mctamorphism than
thos6 above and belorv tbem. I havc more than once obserYed the total aosence or

metamorohism, or the mere derelopmenr of a micaceous glaze on the bedding-planes,

where asiociated beds were conterted into tlistinc! schists'
had identifiecl rvith that of the Chor, coultl not in a sincle case bb ,:lr,

I Rec. Geol. Surv. India, vol, rrii. p. 60;. vol. xix. p. 66.



46+ R. D. Ohllant-Gttetssosb Roc/;s of tlte Eimalaya.

The exact causes proauctive of foriation are not thoro.g'ry uncler-stood, but it appears to be in .;;r;;;- '
str uctu.e cl u e to''. t'^i n"^tii" ;; il#^su,'"rtt il"":" J" ;X"" E3:"ti*the caso of a' intrusive sheet of- gta"uiie, trr".L *o"ra t ,".,,u.1stratification nor cleavage; but friction ugo,.r., r,ne_61(tes of tbechannel it flowed in rvonkl be sufficient to ni
structure in a viscicl -"..; *uii-';;;; ;"i-1"-"^tl:t -1:llqht.parallel
ve.ry fact of tbe minlrals, in the rock-;.-i;il.11:?l::iliffi#ii,*:
selves in a laruinated strrrctur.e, woul, l  int luce
of the mine rals i n tb e gr.ad ual ly .";li"#r; ;': tl..i3rtTi:il:lj
that the ver.v sliglrt 

1on11ion of tt,e tai.fer mxsses i. p.ir"ip"iiv'ifl*xion struct.relruhile tre more.developed st.ucture of ttre thinnerbands, ancl nenr the mr-rgins of the larg'er oru..a., rvas producetl iuthe solicl b.t still heated granite-by the"snme causes-wfiat.r;;th;;
be-that letl to tbe foliati6' of -tbe atrjacent sedimentar, ffi;a' 

*"t

. Before leaving this subj-ect, there is"oue point that oriy te ,.r...ea
to rvith aclvantaqe. rn.r\lr. Lydeklier's miemoir 

"" 
tt".,- g."i"si.i

CasLnir i i  is sta-ted, botl-t o"rl]c'n;;l-;"; i ;; 'r,rro texr, rlrar part ofthe gneiss of thai region consists of 
^metamorprro.uJ 

sii"rr^rtir"t""i
this statement wil l noi, I fear, be borne o,it oy a nrore detailed
exunination of tLe ground. I lrave haa a tole"rablJ; e;;;;i;;':j;
fragmentary experieice-of !!e. Hi;,"I"f; ao,iog "*l, i"h ; ' i l ; ;
never seen a case of betls, which occur 

-elservherc "as slntes, b";i;;
been c-onvertecl into gneiss ; b.t r have seen sections, . ir"iro, io' irrJr?
describetl by I\Ir. Ljdekker', ruhere tl,ere app*".. to be a gruau"i
passago fionr slate to gneiss. It appea.s nui to uu,,n.o-o,8"'-irr"i
near .the bouudarJ of a c'ystalir.e u.ea thero sho.lcl l. ,..tio.J*
shorving a consitlc'able thickness of gneissic rocks, with smali
intercalations of non-greissic betls. rriich c&n occasionauy bo
l:::qlir.g-l T l*olstrsto some rtefinite horizon i" Uru .foty u'..i.r.'r 'he sectlo's, at f irst sigLi, seem to inti icate an extrenre rneiam6rphism
ot the becls, a t'erv of .rvhic[ Lrave. so fer escape.l metnruorllhi'srn as
still to be-.r'ecognizable. Apart, horvever., from the fact ihnt thu
g'eiss exhibits those features e-speciall;-characteristic of fhe s,,. i,.or.granite.. *'here r have been able to trace tle hori"o,,tal .-..tE*i"" 

"ithe rocks into untltered slates, t lre clrange has not beeu by a gratlual.
diminutiorr in tLre metamorpLis'r ot' tb6 rocks 6, o ,ut,oi[, t;; b";
gradual di-minution of thc gneissose berls, those wliich."ri"i"-u.i""
as 

,distinctly cr'1'st.'r,lline ns befo.e, till, rvhere tl,,ey ila"e-;i;;i"i.-r,.4
in thickness and tho schistose beds prevail, they can be distinctly
recognized as int.rsi 'r 'e - gneissose gianite.' 1'h6 section, ;Ji;; i ;
not an extreme degree of.metamorplrism of the srotyrocks, but their:
mo_re 9I_ less comple-te obliteration by gneissose g.aoite.

rn \Yestern Garhwil there is a "consi.lerafiro 
deveropment of

arkose beds which have become foriatecl, but aro still recoEiizablo ae'
foliated a.kose. It is-quite conceivable'that similar b.d; ; isht b;;;
metamorphosed as to be unclistinguishable from gneiss, uof iitn tni.,

I rn 1884 colonel ll{c}rahon seems to have helcl an oDinion somewhat eimilar to

l,'i;!';:.T;:';$,,i;*iffi :;:ii'f,;ii; jl|;*,{,Ji:lirJlm;:;d;;r"ffffi ;i,
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exceptiorr (rvLic)r coult l  not be crl lc, l  a trt te metnniorplr ic gueis-s ns

t le  te lsp l r  rvas  p tov ide t l  re l , l y  t r ra , le ) .  I  do  no t  t l r i r rk  th r r t  : r r ry  be t Is

lelongi irg to thd staty series of tho I l imrlaya have been convettcd

;nto foeiis; rvhether: tLey coulcl be is a nuttel to bo clccitletl by

cheruical analYsis.
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