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V.—Tue Gyrssose Rocks oF Trg Husarayas,
By R. D. Owpuay, ARSM, F.G.8,,
of the Geological Survey of India.

T T bad not been my intention to publish anything on this subject
I at present, as I have in preparation a review of the present state
of our knowledge of Himalayan geology ; but as Col. McMahon has
started the subject, and his paper is not exhaustive, I trust the follow-
ing outline of that part which relates to the gneissose rocks may
prove of interest.

The guneissose or granitoid rocks of the Himalayas may be divided
into three groups :—

(1) The fundamental or “Central ” gneiss of Dr. Stoliczka.

(2) The orthoclase, usually porphyritic and gneissose, granites.

(3) The oligoclase granite.

The last of these appears to be distinct from and of later date than
the first two, and will not be further referred to here.

The fundamental, or, to use the term under which it was first
described, the central, gneiss consists of a great thickness of crystal-
Jine rocks. In the little disturbed sections of the Upper Pibar
Valley in Bissahir it is seen to unconformably underlie rocks which
I have little doubt are the equivalents of Dr. Stoliczka’s Babeh series
of Silurian age. Both by lithological structure and mods of oceur-
rence, these beds are shown to be of metamorphic, as opposed to
intrusive origin; they contain beds varying from almost pure
felspar to almost pure guartzite or mica-schist, bus felspar is seldom
altogether absent; some of the beds are augen gneiss, the eyes being
lenticular in form, lying iun accord with the planes of foliation, and,
as regards their internal structure, consisting of a single twinned
crystal of orthoclase.

On the section over the Babeh Pass, that first examined by Dr.
Stoliczka, the beds are more disturbed and more metamorphosed.
Highly foliated beds are rare, and the rock is for the most part a
more or less fine-grained granitoid gneiss : some beds are augen gnelss,
in which the eyes still maintain their lenticular form, though, as
a rule, they have more or less acquired an outline in conformity with
their crystalline structure; these crystals, however, still lie along
the planes of foliation or very slightly oblique to them.

There can be little doubt that it is from the fusion of these beds
that the gueissose granite was derived. Typically this rock consists
of a somewhat fine-grained, slightly-foliated madtrix, through which
porphyritic crystals of orthoclase are scattered ; the crystals exhibit-
ing no definite orientation, but being scattered about with their axes
pointing in every direction, as described by Col. McMahon., It
occurs in large intrusive masses, or in veins of various thickness,
usually intruded parallel to the bedding planes; the former nsually
show very slight signs of foliation, except near their boundaries,
while the latter are almost, if not quite, invariably distinetly foliated.
As the veins are traced away from their parent masses, the
larger crystals of felspar appear to be left behind, and the rock
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gradually ceases to be porphyritic, and sometimes i
a small proportion of felspa{hic material. How ;?1?1?11&2 nllse r:l]]
'fxssumptlon of a gneissose and loss of the granitic structure ma 0
Judged from the fact that specimens from one exposure \vhicily be
:edslzlowln tg Ee iEFruszve,b have been examined by Col. McMahon

nd declare im to be i i i f
oy origin_'}’ a true gneiss showing no signs of

Col. Mc3lahon has shown that the microscopic structure of th'v

Tock, as well as the inclusions of mica-schist, prove its intrusi .
nature. I may add that the same is shown by its mode of occwe
rence, by the manner in which it cuts across the bedding of rl:-
rocks among whiqh it occurs, and by the invariable occurrence ?‘
contact metamorphism in the neighbourhood of any large mass of i(;_
The intrusion, in many cases, does not seem either to have cauged
or been accompanied by any considerable disturbance, but to hay
taken Placa by a fusion (or solution) and absorption of the rocﬁke
Whlch.lt h-as replaced. These often continue with a perfectly stead :
low dip right up to a large mass of the gneissose granite, and eny(i
abruptly there; yet the intrusive nature of the granite ’is showr
by the presence of included masses of these very rocks. The sam:;
thing is indicated by a study of the intrusive sheets; they con
stantly thin out and thicken without any disturbance of the border:
ing beds, which simply run up to the edge of the gneissose granite
and stop there abru%)tly ; (the granite itself too becomes more micar
ceous or more quartzose (according to the prevailing t i
has passed through) and less fels;athio thz furthergityig etrz(:(fe(rioi'lr{o;:
its source, indicating a gradual increase of impurity. But the most
conclusive proof 1 know of is exhibited by the scctions on the
eastern side of the Chor Mountain. The southern sections show a
conyderable thickness of volcanic beds, altered to more or less
schistose hornblende rock; while on the northern sections these
bornblende rocks are absent, but the granite has become so highly
hornblendic that the ground-mass is of a dark green colour, throwing
up the porphyritic crystals of white orthoclase in a most cdnspicuous
manuner.

_Before passing on, it will be well to explain how these two
distinct rocks came to be confused with each other. In the Sutlej
Valley, 1b.etween Sfmla and the Wangtu- bridge, there are extensive
exposures of gneissose rocks; these are almost all the gneissose
granite, but owing to similarity of lithological appearance and absé-
lute continuity of outcrop, they were (erroneously) confounded by
Dr. Stoliczka with the granitoid gneiss which is exposed almost to
the exclusion of intrusive granite on the ascefit from the Wangtn
bridge to the Babeh pass. In 1877 Col. McMahon publisheda [
paper on the “Central gneiss” of the Simla Himalayas, in which he
(correctly) identified the rock of the Chor and the gnei}ssose granite

intrusions south of the Sutlej with the rock of the Sutlej Valley.

To 1$83 he sho“.'ed that while the rock of the Dhaoladhar, which he
had identified with that of the Chor, could not in a single case be
! Rec. Geol. Surv. India, vo!. xvil. p, 60; vol. xix. p. §6. S
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shown to be a true gneiss, it presented all the characters of an
jgneous rock. In this paper he dropped the term granitoid gueiss
in favour of gneissose granite, and added that < it is for consideration
whether the term ¢ central gneiss,” introduced by the late Jamented
Dr. Stoliczka, and since used to denote the  granitoid gneiss > of the
North-West Himalayas, should not be discontinued in future.”
Consideration is entirely in favour of this proposition, but against
the total abandonment of the term “ central gneiss,” which may still
be conveniently used for the fundamental gneiss, the oldest rock,
in the Himalayas.

The separation of these two rocks in the field will often be a
matter of difficulty, and not always possible, except where the
gneissose or the intrusive characters are well developed ; the micro-
scope will not aid in this, for, as I have remarked above, in one case
it has declared what can be shown to be an intrusive rock to be a
metamorphic gneiss, while some of the more granitoid forms of the
central gneiss show so little foliation and are so granitoid as seen in
a hand specimen, that T doubt whether even microscopic examination
would give a decided answer as to whether they are granite or gueiss.
The general result then is the satisfactory one (for it is always more
satisfactory to confirm than to refute a previous observer) that Dr.
Stoliczka was correct in describing the oldest rock he observed as
a gneiss, while Col. McMahon is equally correct in maintaining that
the rocks of the Sutlej Valley and the Dhaoladhar are granife. I
may now pass on to consider the cause of the foliation of this granite.

In considering this question, it is necessary to distinguish between
the large, slightly foliated masses and the distinctly foliated sheets.
In the former case the obscure foliation is probably in the main a
form of fluxion structure, but the well-developed foliation of the
thin sheets, which are occasionally sufficiently fissile to be used as
flags or roofing slates, cannot be solely due to this cause.

IWhen we find intrusive sheets of a few feet, or even a few tens of
feet, in thickness, extending for miles without more than mere local
variations of thickness, it must be evident that their fluidity cannot
have been in any great degree due to excess of temperature; in the
case of the thinner sheets I do not think that it can have been in any
degree due to this cause, but rather to a difference of composition
which enabled the granite to maintain some degree of fluidity, while
the rocks into which it was intruded remained solid. Whatever this
temperature may have been, it was sufficient to metamorphose the
sedimentary beds which have always been converted into more or
less perfect schists, that do not exhibit any marked increase of meta-
morphism near the sheets of gneissose granite intruded into them.!

1 Contact metamorphism is only conspicuous in the case of large intrusive masses.
The statement in the text may seem inconsistent with that of Col. McMahon regard-
_ing the slightly metamorphosed condition of the slates in contact with the outer band
of gueissose granite in the Dalhousie region ; bus the particular slates referred to are
éverywhere characterized by a much greater power of resisting metamorphism than

those above and below them. I have more than once observed the total absence of
metamorphism, or the mere development of a micaceous glaze on the bedding-planes,
where associated beds were converted into distinct schists. }
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The exact causes productive of foliation are not thoroughly unde
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the case of an intrusive sheet of granite, there would be neithep -
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t Cleavage; but friction against the sides
(S;ilf'mrtxel 1t'ﬂowec.1 in would be sufficient to pbroduce a slight :ialtlhe
71}1cfure in a v1sgd mass ; while it is not inconceivabcie tEat thel
;:;y af:t ofltbe' minerals, in the rock on either side, arranging the °
so xtrlelz le?ia allmr_lattegl strusture, would induce similar rear?wn?remenn]t;

nerals in the gradually cooling i T beli

rals rag g granite. In short, T

that the very slight foliation of the larger masses is princi?)(;ﬁ;v:

fluxion structure, while the more developed structure of the thinnep -

bands, and near the margin
the solid but still heated £;l;:1'asn(i)l:f(‘a t}?; }[izg;};m[:f:l?ss oy }E)FOduced i
be—that led to the foliation of the adjacent sedim:zazv l?etz?lvir they
o Egi‘ﬁlzéea:tng thisIsu%]'lect,Lthere is one point that l(na}jy be iéfer1~ed
th advantage. In Mr. Lydekker’s i
%aShmn" it is stated, bpth on ﬂ)le map ancrln?rr:l?}fe Otltlaxtth?;hggd?gg’ Ott:
:hfsgsntgl;in%itdih{e%fgl ;orfl‘sists }(J)f gletamorphosed Si’lurianI:trat:;
state 2 ear, be borne out by a i
?‘%:ammatlon of the ground. T have had a toleirablymeogte‘ali?frz:lei(}‘
ragmentary experience of the Himalayas, during which I hs
never seen a case of beds, which occur elsewhere s slates hav{‘We
been converted into gneiss ; but I have seen sections, similar to thmg
described by Mr. Lydekker, where there appears to be ca. T d0561)
passage from slate to gneiss. It appears not to be uncommc%natlliat
near the bouuda.ry of a crystalline area there should be secti a
showing a considerable thickness of gneissic rocks, with Onlsls’
intercalations of non-gneissic beds, which can océasioml]smzll)
recognized as belonging to some definite horizon in the sht( sZr' g
The sections, at first sight, seem to indicate an extrenie meta;ugr Eiles-‘
zfiﬁhfo bt?ds, a few Of)lw'hiCAh have so far escaped metamorphigmsarl:
s e recognizable. Apart, however, fr ¢
gnels.? exhiblts tIhO}fe fealt)ﬁures especially characteor?;titchgf f;d}fg gtllllgitssg;g
ranite, where ave been able to trac ot i
tl}e }‘ock.s int.O unaltered slates, the char?fretgishﬁlof (i)lelztsll SXt:nSIO? 0{’
dlmmutlo]} in the metamorphism of the rocks fs a wliolg bftral() e '
gmd.ua! diminution of the gneissose beds, those which ren;'tin bel};g'
?s t%itﬁzzts]y Cl‘ﬂsttﬁllineh as before, till, where they have di(minishe?l
kness and the schistose beds prevai isti
recognized as intrusive gneissose glr)anitel.l ’ gll‘l}:?g, (s:zsti(})):s dilxitlliral:(;ttlex
not an extreme degree of metamorphism of the slaty rocks, but theil"
more or less complete obliteration by gneissose granite , :
In Western Garhwil there is a considerable de.velopment of
arlgose beds which 1{ave become foliated, but are still recognizable as’
foliated arkose. It is quite conceivable that similar beds micht be so
metamorphosed as to be undistinguishable from gneiss, but with this
! In 1884 Colonel McMahon seems to have held an opinion somewhat similar tO'I

this (see Records Geol. Surv. India, vol. xvii
: : . Surv. India, vol. xvii. p. 72), b ~
his paper in the May Number of this M AGAZINPE, he ,ha;l ilizvfzgsjdfmcea&l i: nderStaD@I
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exception (which could not be called a true metamorphic gneiss as
the felspar was provided ready made), I do not think that any beds
pelonging to the slaty series of the Himalaya have been converted
into gneiss; whether they could be is a matter to be decided by

chemical analysis.
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L.—Dnitisu ASSOCIATION FOR TOE ADVANCEMENT OF SCIENCE.
Firry-sevENTH MEETING, Maxcuester, 1887,

Secrroy C.—GEoLoGY.
President: Hexgy Woopwarp, LL.D., F.R.S,, F.G.S.

Titles of Papers Read September 1st to 7th, 1387.

—

Address by the President.

Prof. W. Boyd Dawkins—On the Geography of the British Isles

in the Carboniferous Period.

Prof. W. Boyd Dawkins.—On the Structure of the Millstone

Grit of the Pennine Chain.

Mark Stirrup.—Toreign Boulders from Coal Seams.

Dr. G. J. Hinde.—On the Organic Origin of the Chert in the

Carboniferous Limestone Series of Ireland, and its similarity to

that in the corresponding strata of Noith Wales and Yorkshire.

 Robert Law and James Horsfall.—On the Discovery of Carboni-
ferous Fossils in a Conglomerate at Moughton Fell, near Settle,
Yorkshire.

. Dr. H. Crosskey.—Report on the Erratic Blocks of Ingland,
Wales, and Treland.

8. Prof. B. Hul.—Note on a few of the many remarkable Boulder

Stones to be found along the Lastern Margin of the Wicklow

Mountains.
9. Prof. H. Caruill Lewis.—The Terminal Moraines of the great

Glaciers of BEngland.

10. Prof. I. C. Lewis.—On some important Extra-Morainic Lakes in
England, North America, and elsewhere, during the period of
Maximum Glaciation; and on the Origin of Extra-Morainic
Boulder Clay.

11. Hugh Miller.—A comparative study of the Boulder Clay in the
Glaciated Districts of Europe—Dritain, Norway, Switzerland,
Low Germany, and the Pyrenees.

12. Dr. H. Hicks.~Report on the Cac Gwyn Cave, North Wales.

13. J. W. Davis.—On an Ancient Sea-Beach near Bridlington, con-
taining Mammalian Remains.

14. Dr. H. Woodward.—On the Discovery of a Larval Cockroach,
Etoblattina Peachii (H. Woodyw.), from the Coal-Measures of
Kilmaurs, Ayrshire.

15. Dr. H. Woodward.—On a new form of Eurypterus from the

Lower Carboniferous Shales, Glencartholme, Eskdale, Scotland.
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