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CHAPTER I\

ROCK TYPES

In this chapter, an account of the petrographic
characteristics, geochemistry and the nature of the original
sediments of the various rock types occurring in the study
area, have been discussed. The dolomites have been described
in a separate chapter (Chapter VII). Similarly, basic
volcanics ( spilites ) that are occurring in Kusma Unit have
been dealt with separately in detsil in one of the chapters

to be followed (Chapter VIII).



KUSMA UNIT
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The rocks of Kusma Unit have been found to comprise

following main lithological types ¢

1.

2.

3.

Quartzites

Quartzites (Kusma Quarzite)

Gritty quartzose phyllites Balewa

Quartz - sericite phyllites Formation.

These are highly silicecus rocks, almost entirely

made up of quartz, and occur in the field as massive, thickly

bedded, hard compact rocks, interspersed with layers of

micaceous flaggy quartzites. In thin sections, they have been

found to comprise three varieties

1o

Exclusively quartzose, showing an interlocking
mosalic of quartz grains that show a considerable
variation in the grain size. These rocks give an
overall impression of recrystallized cherts with
lenses and patches of coarser grains of quartz
(Plate IV.41A). Some of the thin sections contain
irregular streaks of chloritic material. These
streaks show a roughly parallel orientation and

might represent some basic volcanogsnic material.



Dlate IV.1A Photomicrograph of quartzite (Kusma
Guartzite) shousing interlocking mosaic

of quartz (crossed nicols, x 50 ).

Plate IV.1B Photomicrograph of quartzite (Kusma
Quartzite) showing gritty nature

( crossed nicals, x 50 ),
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2.

3.
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Exclusively quartzose but showing a fine to
medium grained equigranular aggregate of quartz
in which occasionally bigger quartz grains are
embedded. These appear to have derived from
sandstones which coulc be considered as quartz
arenite, consisting of almost exclusively quartz
grains (Plate IV.1B). Occasionally, coarser
grains are dominant and reveal their original

gritty nature,

Containing variable proportion of argillaceous
matter in the matrix, Thin sections shou equi-
granular aggregates of quartz with intervening
spaces filled by recrystallized argillaceous
material, which is now seen as thin flakes of
chlorite and sericite. Sporadic development of
muscovite is also obssrved. The micacecus and
chloritic flakes show a faint parallelism, The
quartz grains show lack of suturing and exhibit
sharp boundaries with triple junctions (Plate
IV. 2R). With increasing argillaceous content
the chlorite and sericite form well defined
streaks and the rocks tend to be distinctly

foliated (Plate IV.2B).



Plate IV,2A Photaomicrograpt of quartzite (Kusma
quartzite) showing eguigranular
aggregate of quartz with triple junctions

(crcssed nicole, x 75 ).

Plate IV,.28 Photomierograpl of well foliated
micaceous quartzite (Kusma Quartzite)

(crossed nicols, x 50 .
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Gritty Quartzose Phyllitss

Thess are yellowish-green to light bluish-green rocks
showing a well defined foliation. The overall greenish colour
is due to chloritic content. The gritty nature is sesn both in
hand specimen as well as under the microscope., Thin sections
reveal a characteristically foliated mass comprising streaks
and thin tufts of muscovite and chloritic-biotite with small
quartz grains, associated intimately. Within this foliated mass
are interspersed bigger grains of quartz and sometimes fel-
spars (both K-felspar and plagioclass) (Plate IV.3A). These
bigger grains obviously represent the original clastic fragments
ambedded im a matrix which consisted of argillaceous and
siliceous material, The original rocks must have been wackes.
The foliation is marked by micaceous minerals, and also some
of the bigoer guartz grains show some slongation in the folia-

tion direction.

Quartz is bimodal, and occurs both as large clastic
grains, subangular, sometimes flattened, and in the matrix as
small grains. The latter variety is intimately mixed with the
micaceous minerals ferming streaks parallel to foliatiomn. The
micas are sericite-muscovitee and biotite - the former generally
predominating., Sericite forms elongate streaks of fine flakes
while biotite, which is generally subordinate, is seen as tiny

flakes, pleochroic from light yellowish=-brown to dark



Plate IV.3A Photomicrograpt of gritty guartzose
phyllite (Balewa Formation) showing
large grain of quartz embedded in a
fine matrix of quartz, sericite and

chlorite. ( crossed nicols, x 75 ).

Plate IV.3B Photomicrograph of quartz-sericite
phyllite (B3aleua Formation) with well
developed puckzring. ( crossed nicols,

X 75 ).
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greenish-brown. At places, small “lakes and patches of green
chlorite are seen assoCiated witn biotite. Felspars mostly
form the bigger grains and comprise both-a plagioclase showing
distinct lamellar twinning, and a potash felspar which may
shouw cross-hatching. The matrix also contains sporadically

small grains of tourmaline and spnene.

Quartz-sericite Phyllites

This is the most prevalent rock type and occurs in
close association with ths gritty quartzose phyllite, It Porms
distinct and widespread intercala-ions with the above variety,
and mainly differs in respect of Zhe near total absence of
large guartz and felspar grains. A3lso the quartz content of the
Finégrained mass is less as compac-ed to that of the previous

variaty,

These are assentially low grade metamorpphic rocks
equivalent to the argillacecous rocks rich in quartz and show
distinct phyllitic nature, a foliated and puckered aggregate
of quartz, sericite and chlorite (Plate IV,3B)., Occasionally,
flakes of muscovite are also present, While in most cases, the
saricite is dominant over chlorits, a few samples are found to
be highly chloritic. Quartz is unimodal and occurs as finely
disseminated grains or as well de“ined streaks. In some casss

an alternate layering of gquartz-rich and sericite-~chlorite
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rich portions are observed (Plate IV.4). All gradations
exist between the above stated varieties and also between
the gritty-quartzose phyllites at asne end with the chlorite-

sericite phyllite at ths other end.

Nature of DOriginal Sediments

The depositional features and lithology of the rocks
of Kusma Unit, point to a sequence from arsnaceous to argill-
aceous, with all gradations in betyeen. The lowermost beds
(Kusma Quartzite) are dominantly quartzose-thick quartzitic
layers with occasional thin argillaceous layers, The guartzitic
layers represent : (i) Recrystallized cherty rocks, which
have besn described as colloidal silica by Stocklin & Bhattarai
(1977). Perhaps these could represent original cherts that
are of common association with spilites (ii) The typical
arenites which are aouv represented by a coarser grained quart-
zite clearly indicate their clastic origin and exhibit all
the textural and depositional features, including ripple marks,
cross~-bedding etc, In flaggy quartzites, the sericite and
muscovite represent the original argillaceous matrix of the

arenites,

Upward, in the Balewa Formation, a precgressive
increase in the micaceous and chloritic minerals (derived from

the original argillacecus component) is observed. It appears



Plate IV,.4 Photomicrograph of phyllite (Baleua
Formation) showing alternate layering
of quartz-rich and ssasricite-chlorite-~

rich bands (crossed nicols, x 75 ).
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that while the gritty quartzose phyllites have been derived
from a coarser sediments, the quartz-sericite phyllites
represent comparatively finer sediments, The exclusively
argillaceous layesrs which are now represented by very fine-
grained phyllites must have developed from the shaly inter-~

calations in the original sandstones,

The chemical analyses of the gritty quartzose phyllites
(Table IV.1) are comparable with the mean composition of gray-
wackes (Pettijohn, 1975, P,228) and arkose (Pettijohn, 1975,
P, 210). On the basis of the petrographic studies, it is obvious
that these gritty quartzose phyllites are undoubtedly derived
from an originally wacke type of rocks, The chemical analysss
also point to the similar conclusion., However, the trus nature
of these original sediments is very difficult to infsr as they
have besn considerably modified duzs to the effacts of the
metamorphism, Marecver, thers could he mors than ane variety
of these wacks rocks, 8ut, to some extent, on the basis of the
chemical analyses of the two representative samples and also
considering the nature of the claszic fragments (quartz, fel-
spars) and the matrix in which they are smbedded, it has been
possible to deduce that the original rocks must have basen a
felspathic wacke and more closer in composition to an arkosic
wacke (Pettijehn, 1975, P, 214). This fact is indicated by
the higher percentags of K,0 content than that in the averags

2
graywackses, However, it may be pointed out that, though the
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Table 1V,1 Chemical composition of gritty guartzose
phyllite compared with the average Gray-
wacke and Arkose,

Consti- Gritty quartzose Graywacke
tuents phyllite (Pettijohn,1975, Arkose
(study area) p.2283 (Pettijohn,
1975,p.210)
3.96 1197 A B C

8102 79,47 76,00 76.84 74.43 71.10 77.1
'\'iD2 g.00 0.84 - 0,83 0.50 0,3
A1203 11.81 10,92 11.76 11.32 13.50 8.7
F9203 1.48 3,30 0.55 0.81 trace 15
Fel 0,37 0,39 2.88 3.88 2,70 0.7
MnO - - trace 0,04 0,05 0.2
Mg0 1.10 1.56 1.39 1.30 1.30 0.5
Cal 0,36 0.15 0,70 1.17 1.80 2.7
NaZD 0,28 0.BS 2.57 1.63 3.70 1.5
K20 3.28 3.21 1.62 1.74 2.30 2.8

+ .
HZD - - 1.87 2.15 1090 Do.z
HZG' - - - a,20 0.26 -
P205 - - - 0.18 0-10 0001

* *

CDZ 1.74 2028 - 0048 0012 3.0
S - - - 0,12 tracse -
C - - - 0.17 D.Og -
Total 99,89 g9,.,50 100.18 100,45 99,82 100,.0
* {oss on ignition. Analyst : B, N. Upreti.



107

chemical composition points the original rock to be fel-
spathic wacke, the rock at this stage does not contain any
appreciable amount of felspars that are typically found in
a felspathic wacke. This could be zonveniently explained by
the possible breakdoyn of the felsnars to sericite, excapt

for the larger clastic grains that have survived,

It is interesting to observe that this shallouw water

sequencs is associated with well defined spilitic volecanism,

STRKANG UNIT

As already stated, this unit to the south of Phalebas
Thrust, comprises a very fasebly metamorphosed sequence, consi-
sting of carbonaceous slates, bluish-gray stromatolitic
dolomite, sandstones, purpla slates and phyllites with intsr-
calated thin layers of pink dolomite. The stromatolitic
dolomites have heen described in dsetail in Chapter VII, and
here a brief petrological account of the remaining rock types

has been given.

Carbonaceous Slates

Thesa are dark gray, Findgrained rocks with a well
1
defined slaty clesavage that marks the axial plane of the
isoclinal folds shown by these rocks. Occasional bands of

light coloured material typically reveals the sedimentary
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layering. In thim sections, the carbonaceous layars do not
reveal anything, while the light coloured slates shou a
very fine faintly foliated aggregzte., The stromatolitic

dolomites, also reveal very little information in thin sections.

Metapelites

The slates and phyllites of Sumsa Formation, are

invariably interbedded with the thin bands of pink dolowmite
and sandstones, In general, these metapelites are Fin%grained
and showy well developed clesavage planss, due to the abundance
of phyllosilicates { phengites + chlorites ). Biotite is
entirely missing, However, in some varistiss which are better
racrystallised, tiny flakes of mugcovite have besn noticad, On
the basis of the megascopic as well as microscopic characters

the metapelites could be grouped into (a) slates (b) phyllites.

The slates are distinguished from phyllites mainly
on tha basis of theilr crystallanity and physical appearance
in hand specimen, They are dull and very finﬁbrained and lack
the silky lustre of phyllites, Under microscopas, the slates
show incipient recrystallisation., The individual phyllosi-
licate minerals are indistinguishabla and thay form a uniform
groundmass (Plate IV,5A). Quartz grains and phyllosilicataes
are not easily separable and are indistinct., But nesvertheless,

the phyllosilicates show a prominent orientation. Under crossed



Flate IV,5A A photomicregraph of slaty rock
(Sumsa Formatioan). Cleavages are

conspicuous. (zrossed nicols,x 50),

Plate IV,58 A photomicrograph of phyllite of
Sumsa Formation. (crossed nicols,

x 50 ).
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nicols, and on rotating the stage to positions éhouing

high interfsrencs colours of the phyllosilicates, ths
orientation of the minerals could be noticed. One of the
characteristic features of the slates is the strong develop-
ment of slaty cleavage, due to which the rock splits into
very thin slabs. The colour of these slates ranges from
light gray to dark gray and purplish. The purple colour may

be due to some ferruginous content,

Phyllites, on the other hand, are well cleaved with
a characteristic silky lustre. Under the microscope, these
rocks are seen to be better crystalline than the slates,and
in which the individual micaceous minerals could be masily
distinguished (Plate IV.5B). Quartz grains are distinct and
recrystallisation is widespread showing sutured outlines, The
phyllosilicates show strong parallzlism., Many a times quartz
alsa shous streaky nature conformable with the general align-
ment of the other minerals, In thess phyllites, the phengites
and chlorites have been formed at the expense of the original
clay minerals due to metamorphism, whersas, some of the larger
quartz grains still show their detrital nature. Chlorites
occur as linsear patches and show a prefsesrred orisntation. They
shou the pleochroism from pals yellowish-grean to green. A

few small rounded grains of tourmaline are also seen.
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As these rocks are affected by various generations
of folds, small iscclinal folds and superimposed microopuckers
are very well preserved. Under thz microscope, the micro-
puckers and crenulation cleavapges are clearly visible,
Sometimes alcocng these clzavages, which are devazlonped along
the crests of the micropuckers, alignmant of new set of

minerals are observed, They are mostly occupizad by iron oxides.

The phyllites can be further subdivided into
(a) quartz phyllites and (b) dolomitic phyllites, In case of
the quartz phyllites, tha proportion of quartz exceeds ths
phyllosilicates but still the phyllitic nature is well exhi-
bited, In case of dolomitic phyllites, the rock consists of
phyllosilicates and quartz along with Fin%grained carbonate
minerals (mostly dolomite). Sven these carbonate minerals shouw
strongly preferred orientation. The phyllitic rocks sometimes
show banded nature where very thin microscopic bands of gre-
daminantly siliceous layers and phyllosilicate layers are
aobserved (Plate TV.6A). In such cases the foldings are more
conspicuous, The crenulation cleaveges are, however, visible
only in the phyllosilicate layers, The siliceous layers shou
mosaic texture of quartz. In the upper secticn af the Sumsa

Formation, the phyllites are dark j3ray to gray in colour,

The chemical composition of metapelites of
study area and the average composition of the slates and

phyllites as given by different



Plate IV,.6A Photomicrograph of phyllits (Sumsa
Formation) showing distinct differe-
ntiated bands of silicesus layers and

phyllosilicate layers (crossed nicols,

x 50 ).

Plate IV.68 Photomi%@graph of siliceous dolamite
(Sumsa Formetion) showing fine grained
agnyregate of dolomite and quartz

( crossed nicols, x 50).
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authors ars shown in table IV.2. The chemical analysses

of the slates and phyllites of the Sumsa Formation, whsan
compared with the average chemical composition of similar
rocks from elsewhere show that the former are more or less
comparable with the latter, But a distinct difference is
observed in the case of potash content of the metapelites

of the study area. Most of them show over 6 % K20 content.
Therefore, they may be considered as the metamorphic equiv-
alent of the slightly potassic shale of Pettijohn (1975,

P, 287). In case of sample No.24 (purple slate), Fe, 0, 1is
high due to its slightly ferruginous nature. Alumina is more
or lass gimilar to the average valuss, The rslation betwsen
the weight percent of Na20 and KZU is showun in Fig.' IV.1.
The compositions of thase rocks also do not vary much from
that of the composition of average shale, indicating that

no significant rsadjustment of chemical components occurred

during their regiomal metamorphism,

Siliceous dolomite

These purple rocks (in hand specimen) intimately
alternating with purple and gray slates, under microscops
show a finegrained aggregate of dolomite and gquartz (Plate
IV.68). The proportion of quartz varies considerably @nd is
found to be of two types - detrital and authigenic., The

detrital quartz grains are of silt size and finer.
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Table 1IV,2 Chemical compasition cf metapelites of the
study area compared with the average slatss
and phyllites

Consti- Study area
tuents * * * #%
88 24 184 1163 A B C D
510, 65.05 60.13 64,80 64.80 64.9 60.4 64,0 58,10
A1203 18.90 17.32 16.68 14.33 17.3 18.5 20,2 15.40
r9203 2.27 8.56 ° 4.11 4.35 2.9 4.1 - 4.02
Fed 0.08 0.12° 1.88 1.24 3.8 6.7 7.0 2,45
MnD . - - - - - 0.1 - -
MgU 3.44 3.27 3'35 3071 301 207 202 2044
CaU . 0035 0063 0077 0098 1.1 1.1 004 3.11
NaZU 0,34 0.23 0.21 1.14 2.7 1.3 1.5 1.30
KZU 6.20 6,73 4,53 5.28 363 4.1 4.7 3.24
+ - - g - - - ad ]

HZQ

5,00
H20 - - - - - - -
CDZ - - - - - - - 2.583

- - - - - - - 0

803 .04
Organic - - - - - - - 0,80
LOSS on 2.72 2.68 3.28 1.96 - had hnd -
ignition
Total 99,35 99,57 100.44 100.12 100.00 100.90 100,0 99,95

Analyst ¢ B.N.Upreti
* Average chemical composition of slates and phyllites
( cf, Huang, 1962, P.397).

#%  Average chemical composition of shale (cf.Pettijohn,
1975, P.286).
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The develooment of authigenic quartz is seen to be due to
th2 replacement of dolomite., It shows a typical replacemant
texture (Plate IV,7), Many a time, lanses of finely recry-
stallised argillaceous material are found to occur within
these siliceous dolomites, Sometimes, graded beddings are

also obssrved in the thin sections,

SANDSTONES

The sandstones of the Sirkang Unit are intsrbedded
with argillaceous rocks like slates and slaty phyllites, These
are confined to tha Sumsa Formation which lies above the
Phoksing Dolomite., The thickness of the individual bands of
sandstones is quite variable ranging from a few centimeters to
as much as few meters and sometimes upto 100 m, The thinner
bands of sandstones are finely intercalated with slates and
slaty ohyllites. The dolomitic sardstones and siliceous dolo-
mites are mostly found intercalated with purple slates, These
sandstones and slates are sametimes vary thinly interbedded
and occasicnally form lenses within each other. The dolemitic
sandstones and siliceous dolomites are purplish in colour and

readily give effaervescence with dilute hydrochloric acid,

On the basis of modal analyses (Tabla IV.3) and

the classification of Pettijohn et al. (1973), the following



Plate IV.7 Siliceous dolomite (Sumsa Formation)
showing replacement of dolomite by

quartz (crossed nicols, x 50 ).
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Table IV.3

Modal analyses of sandstonas
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Sampls Quartz Felspars Rock Matrix Name

No. fragments +cement

28 42,9 4,29 00.48 52,32 Felspathie
graywackes

32 75,48 6,29 8,09 10.14 Sublitharenitse

34 58,35 1.27 3.81 36,57 Lithic graywacke

149G 93,10 .98 3,92 . 2,00 Quartz arenits

201A 51.35 6.19 4,33 38,13 Felspathic
graywacke

239A 300 42 5.'82 8050 Sso 25 Lithic grayUGCkB

263 36,72 5.58 4,18 53.52 Felspathie
praywackas

316 25,20 2.190 7.70 65.00 Lithic graywacks

756D 47.38 2,76 4,96 44,90 Lithic graywacke-

826 64,88 10,97 15.54 8.161 Sublitharenite

QFR Diagram

28 32 34 149G 201A 239A 263 316 7560 826

Q 90 84 92 85 83 68 79 72 86 7"

F 9 7 2 1 10 13 12 6 5 12

R 1 9 6 4 7 19 9 22 9 17

Q@ - Quartz F - Felspars R - Rock fragments.
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varieties of sandstones have been -ecorded (Fig. 1V.2 ,

Iv.3)

1« Quartz arenites,

2, Sublitharenites,

3. Felspathic graywackes,
4, Lithic graywackes and

5. Dolomitic sandstonses.

Their equivalent names according to Felk et al.'s

classification (1970) are shown in Fig. IV.4,

Quartz Arenitaes

This variety is almost exclusively made up of detrital
quartz, Earlisr, some workers callec such a rock as ortho-
quartzite (Tieje, 1921) to distimrguish it from the metamorphic
quartzite, Krynine (1945) applied this term to sands mads up
of entiraely quartz grains cemented by silica. The term ortho-
quartzite was essentially used to distinguish the saedimentary
quartzite from that of the metamorpnic quartzite, Howaver,
since the term was later used loosely and did not truly reflect
the original concept of the rock as wary hard, highly durable
and nonfriable, it has been slowly replaced by a new term
quartz -arenite suggested by Williams et al, (1954) or quartz-

arenite by McBride (1963).



FIG.
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CLASSIFICATION OF SANDSTONES
(PETTIJOHN ET AL, 1Q73)
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CLASSIFICATION OF SANDSTONES
(PETTIJOHN ET AL., 1973)
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Quartz arenite, as such is not muéh abundant in the
study area and only at a few places its layers are found to
occur, One of ths good occurrences of these sedimentary rodks
are exposed.in Purtighat area, on the left bank of the Kali
Gandaki river, The rock here is coarse to‘mediuﬁgrained and

is assoclated with red shale,

Under the microscope, ths rock shows a well sorted
nature with negligible amount of matrix., The gains of quartz
are subangular to subrounded (Plate IV.BA)., Strikingly, the
majority of the grains of quartz shouw undulose extinction,

The individual grains are both monocrystalline as well as
polycrystalline, though the latter are few in number. The
individual quartz crystals of the polycrystalline quartz frag-
ments have sutured contacts with ane ancther, Arocund quite a
few grains of detrital quartz, authigenic development of silica
is alsc observed, This silica constitutes the cementing
material, having developed in crystallogrephic and optical
continuity with the detrital grains. Most of such grains, uwhere
the enlargement process is due to the authigenic overgrowth of
quartz, invariably meet along irregular boundaries and result
in the formation of interlocking quartz mosaic, The rounded
outline of the detrital grains is s<ill mostly visible due to

a thin ring of dust inclusions along the original grain boundary.
A few grains of well roundad chert fragments have alsoc been

found to occur in this rock type.’



Plate IV,.BA Photomicrograpy of guartz arenite
(Sumsa Formaztion) with sub-rounded
grains of guartz (crossed nicols,

x 50 ).

Plate IV.B8B Photomicrograph of sublitharenite of
Sumsa Formation ( crossed nicols,

X 50 ).
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The guartz arenites contain approximately 93-94 %
of quartz (Table IV.3). Some of tne intargranular space
is filled by argillacecus material which is converted into
fine sericite mica showing streaky alignment, Significantly,
no felspar grains are present, and this fact points to a

mature nature of the original sediments,!

The quartz arenites of the Sirkang Unit though quite
subordinate in amount, are important from the point of view
of depositional envircnment, These gquartz arenites appear to
have been deposited in a shallouw marine shelf, where the fine
clay matrix was removed easily. This is also supported by the
presence of ripple marks in them, The sands were possibly
derived from the Indian Shield lying to the south., Valdiya
(1970) on the basis of the reconstructions of palaeocurrents

came to similar conclusions, in the Kumaon Himalaya,

Sublitharenites

The sandstones which contain a substantial proportion
of rock particles and which have little or no matrix material

put instead have precipitated winerals (SiD Carbonates ste,')

2 ’
have been variously named by different authors. Pettijohn
(1949) originally called such rocks as subgraywackes, Later on,
he preferred to call them as lithic sandstones (Pettijohn,

1954), The name low-rank graywacke was given by Krynine (1945).
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Williams et al, (1954) proposed thas term lithic arenite

whereas McBride (1963) sugpested the nams litharenite.

These rocks are essentially matrix-poor sandstones.

Unlike quartz arenites, uwhich contain less than 5 % of either
felspars, rock particles or matrix, these lithic arenites
contain 25 % or more of rock fragments, but a smaller propor-
tion of felspars and less than 10 € of matrix, as suggested by
Wwilliams st al. (1954), Sublitharenites may be described as a
transitional class of lithic arenites where the rock particles
are less than those in litharenites, McBride (1963) gives the
modal composition of the sublitharenites as 65 - 90 # guartz,

5 - 25 % rock fragments and 0 - 10 % felspars,

In the pressent study arsea, sublitharenites are wsll
exposed in thes Luwa Khola section, where thsy attain a thick-
ness of about 100 m. In Dhullu area, the thickness of these

rocks are usually 2 = 3 m,/

The typical sublitharenite of this area consists of
rounded to well rounded grains of quartz, rock fragments and
felspars (Plate IV.8 B). They are well sorted and ths detrital
quartz constitutes 65 - 76 % of the total rock volume (Table
IV. 3). The proportion of felspar grains in thzse rocks is
less in caomparison to those of rock fragments., The matrix is

vary poor ( 8 - 10 % ).
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Both monocrystalline as well as polycrystalline
quartz grains are present; however, the amount of poly-
crystalline quartz is less as compared to the monocrystalline
variety. The individual quartz geains of the polycrystalline
quartz show sutured outline and undulcse extinction. The
grains of quartz forming the framework, show variety of
contacts like long contact, point contact and concavoconvex
contact, The detrital grains of quartz and felspar are ceme-
nted by secondary quartz overgrowth, where the boundary betwesn
the detrital core and overgrowth is very distinct due to prese-
nce of dark inclusions - along the original smooth outline of
the grains, The continuous overgrowth of the secondary guartz
around the detrital grains has finally resulted in the forma-

tion of interlocking quartz mosaic.(Plate IV.9A).

Chert grains are quite common and are subrounded to
rounded. These can be easily distinguished under crossed
nicols by their microcrystallins nature. The microcrystalline
guartz in the chert shows a finely speckled, twinkling appear-
ance, (uite a few grains of chalcedony are also observed and
are seen as cryptocrystalline, fibrous or flamboyant silica
with the index of raefraetion lower than that of quartz, In
some cases, jasper, a variety of chert, with a brilliant red
colour due to the presence of hematite, is alsoc found to occur.
Black chert is alsoc not uncommon; this when seen under the

polarised light, shows fine inclusions of magnetita.



Plate IV.9A Photomicrograph of sublitﬁarenite
( 3umsa Formaticn ) showing overgrouwth
of secondary qusrtz in optical continuity
with the detritel quartz grazin. (crossed

niCOlS, X 50)0

Dlate IV.9B Photaomicrograph of sublitharenite
(Sumsa Formation) with basic rock

fragments. (crossed nicols, x 50).
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It is interesting to observe the detrital orthoclase
grains showing occasional authigenic development of felspar
(orthoclase ?) rim. Here alsc, the original rounded grains
of felspars are clearly recognised, as the development of
secondary overgrowth is not in optical continuity. Among the
felspars, orthoclase is most abundant; however, microcline is
alsoc occasionally found, These felspars are altersd to varjous
degrees ranging from nearly fresh to highly altered grains.
They show alteration to kaolinite and sometimes to sericite.
Small amount of chlorite has also bsen developed. Rarely, a

few laths of plagioclase are observed.

Rock fragments are another important constitusnt of the

sublitharenites and comprise varieties of rocks, Fragments of
slaty and phyllitic rocks are common, They usually show an
slongated outline and fine development of sericite mica with a
preferred orientation. These are mostly deformed rock frag-
ments and therefore, are spread in the form of pseudomatrix,
Same devitrified glass and a few basic rock fragments (? spi-
lites) are also present (Plate IV.93). They were possibly
derived from the spilitic lava flows of the Kusma Unit that
are older than these sandstones of 3irkang Unit, They are very
much altered and it is difficult to find out the original nature
of these rock fragments. Scomae chloritic materials and minute
plagioclase grains along with magnecite can be identified in

them., These rock fragments are also sometimes squashed,deformed
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and altered, thus filling up the pere spaces :betwueen the more

resistant grains of quartz and felspar.

Sublitharenites represent immature sands, requiring
conditions fawvourable for the production and deposition of the
relatively unstable minerals, Due to the mechanically weak
character of most of the shales, slates, phyllites and basic
igneous rocks, they are doubtful tc survive prolonged action
of transport, Therefore, they may be indicators of relatively
local provenance perhaps esven within uplifted parts of the same

sedimentary basin (Pettijohn et al. 1973 ).

WACKES (GRAYWACKES)

The term graywacke has been variously defined since
the inception of this word by Lasius in 1789 who used this term
for the dark, tough Palaeczeic Kulm sandstones in the Harz
Mountain of Germany ( cf. Pettijohm et al., 1975). Housver,
subsequently more precise definitions were proposed by various
authors depending upon the guantitative measurements of the
proportions of the matrix and the labile components lika
felspars and rock fragments, Krynina (1945) used the term
graywacke to denote a rock with substantial amount (20 % or
more) of rock fragments like chert, slate, schist and phyllite,
Pettijohn st al. (1973, P,.155) redsfined the term graywacke,

and on the basis of framework grains of quartz, felspars and
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rock fragments and also taking inte account of the matrix,
have classified the sandstones into two main groups viz.
'clean' sands or arenites (sands with less than 15 % matrix)
and the 'dirty' sands or wackes (those with more than 15 %
matrix). The wyackes are further subdivided as lithiec gray-

wacke, felspathic graywacke, arkosic wacke and quartz yacke,

The wackes of the study are have been found to
belong to the categories of lithic graywacke (Plate IV,10A)
and felspathic graywacks (Plate IV,108). They have been
differentiated on the basis of the relative proportions of
lithic fragments and felspars (Fig. IV.3). They constitute
different parts of the same formation and sometimes sven grads

from one to another variety.

The sand fraction in these wackes is rich in quartz,
and constitutes 25-58 % of the total rock volume, The propo-
rtion of matrix alsoc varies very much ranging from nearly
36 % to as high as 65 % in some cases., But in case of such
high percentage of matrix, it is likely that they may not truly
represent the matrix percent and part of it might constitute
the squashed rock particles, The sizes and shapes of the
detrital grains also range within a wide limit. These rocks
sometimes look liks microbreccia due to the very sharp,
angular quartz and felspar grains embedded in the matrix of

fine quartz, chlorite and sericite., It is very difficult



Plate IV.10A Photomicrograph of lithic graywacke
of Sumsa Formation. (crossed nicols,

x 50 ).

Plate IV.108 Photomicrograph of felspathic graywacke
of 3umsa Formation {crossed nicols,

x 50 ).
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sometimes to distinguish between the deformed and squashed
rock particles of pelites and metapelites from the sericitic
matrix. The alignment of the folia of sericite and chlorite
and somewhat faint relict grain boundary usually help to
distinguish between the two. The sorting 1is very poor, and

the sands are held together by a finegrained matrix consisting
of an intermix of chlorite, sericite and minute silt-sized
particles of quartz and occasionally felspars. It is usually
observed that finer the detrital grains, higher is the matrix

content

Quartz The angular to subangular quartz grains embedded in
the matrix of sericite, chlorite and finegrained quartz, are
the main detrital sands of these wackes. Due to high matrix
content, the percentage of grain to grain contact is very poor
and therefore, floating grains of quartz and felspars are most
common. Perhaps due to the effect of deformation, the mica-
ceous minerals and sometimes quartz grains show a preferred
orientation. The sericite mica is found to replace the detrital
quartz grains and the original water-worn boundaries of quartz
are mostly obliterated, the existing boundary being indistinct
(Plate 1U.11). This phenomenon has been described as the
"Chevaux - de - Frise" by Krynine (1940). Here, the sericite
and sometimes the chlorite crystals project into the clear

quartz grains. Similar observations have also been made by



Plate IV.11 Photcmicrograph of wacke (Sumsa
Formation) showing partial
replacement of guartz by sericite

(crossed nicols, x 75).
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Pettijohn (1975, P.228) and williams et al., (1954, P.298).
In contrast to the quartz arenites and sublitharenites,

the wackes show vary less authigenic development of silica,

Felspars The clastic grains of felspars are anothar
important constituent of the graywacke. The proportion of the
felspars to rock fragments increas=as from the lithic to the
felspathic graywacke, Potash felspar is the chief variety of
felspar. However, a few grains of plagioclase are sometimes
present in these rocks. Invariably, potash fslspar shows soms
clouding, and sometimes a conspicuous alter ation to sericite

and kaolinite,

Rock fragments '~ Rock fragments are always pressent in these

wacke rocks, and comprise basic igneous rocks, slates and
phyllites, atc., The basic rock fragments are highly weathered,
and can only be identified due to their dirty black and green-
ish mass in the polarised light as well as their definits

grain boundaries to prove that they are detrital in nature.
Slates and phyllites are among the most common rack fragments
of these graywackss. They show variaus sizes and shapes, Though
mast of the slates and phyllitic rock fragments are deformed
and squashed, rendering it difficult to distinguish from matrix,
the foliation planes marked hy tha orientation of sericite

mica and their distinct grain outline indicate their clastic

origin,
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Chert fragments are also fyund in appreciable

amount in these rocks, They are roinded to subrounded and
consist of agjaregates of microcrys=alline silica, Black
ferruginous cherts are rather commin. In few cases the
clastic grains of tourmaline and zircon are observed. They

show better roundness than the oth=ar detrital grains,

The petrographic study of t-e wackes of Sirkang Unit
is important fram the point of view of the reconstruction
of environment of deposition. The widespread occurrence of
sun-cracks and ripple marks on these graywackes indicate
that they were deposited in shallow water conditions, The
wide variations in the thickness of the purple slates, dolo-
mitic sandstones, siliceous dolomites and graygyackes and
their intimate associations and alternations indicate a
changing depositional environment, influenced by tectonics
geochemistry and source area. The presence of weatherimg-
prone rock fragments like those of basic igneous rocks, is
indicative of the nearness of provanance, All these suggest
that these rocks uere deposited in a shallow water environment
and the constituent materials may have been derived from a

proximal site.
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Dolomitic sandstones

In these rocks, the clastic grains of guartz and
felspars are embedded in an aggrégete of crystalline dglomite
and fine grained guartz (Plate IV.12). Quartz grains are
angular to subangular and exhibit righly undulose extinction.
Felspars, predominantly potash felspar, show better roundness
than quartz, and are invariably altered. Leaching out of

carbonate cementing material render them highly friable,

The dolomitic sandstones, in contrast to the other
sandstone varieties (Wackes, arenites etc.), contain dolomite
as cementing material, and incdicate a different environment
of deposition, Instead of silica precipitation in the pore-
spaces as cementing material, here in this case, carbonate
minerals were deposited., The uhole seguence of Sumsa Formation
where the purple slate-siliceous donlomite-sandstones show
intercalations and frequent repetizion, indicate an intricate
balance mainly controlled by the provenance, pH conditions

of sea-water and energy level.



Plate IV.12 Photomicrograph of dolomitic
sandstone (Sumsa Formation) shouing
detrital grains of quartz cemented

by dolomite (crossed nicols, x 50).
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