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ABSTRAGT

The Berinag Quartzites, the younger group of the Zone of Badolisera of Hemm aND GANssER
(1939) is studied. These are purely arenaceous group of rocks represented by fine to coarse grained ortho-
quartzites with minor amount of amphibolite, green phyllites and chlorite schists. On the basis of the sedi-
mentary structures present, it is concluded that the lower part of Salia Formation of Misra AND KumAR
(1968) represents beach-sandy tidal flat environment of deposition. The persistent boulder bed in
the upper part of Salia Formation, represents a fluvial deposit formed by fast moving coastal rivers. The
middle lithostratigraphic formation, the Ganai Formation, represents a period of extensive igneous activity
having several volcanic flows, with intermittent deposition in beach environment. The youngest lithostratigra-
phic formation, the Simal Formation, was deposited in a beach-coastal sand dune environmnt. The absence of
heavy minerals, except tourmaline and zircon, is characteristic of the Berinag Quartzites. Even zircon and
tourmaline are present in very meagre quantity, especially in the Simal Formation. The absence of other
heavy minerals in these quartzitesis due to the fact that these were absent in the source rock i.e.,
orthoquartzites. Thus, the provenance of the entire Berinag Quartzites is orthoquartzites (possibly the Central
Crystallines) which was situated not far from the area of deposition. The Berinag Quartzites represent a
coastal sand deposit, in which the subsidence kept pace with the sedimentation. The sea was never deep for
more than a few meters during the entire period of deposition and the sediments were derived from the
same source. This may be the product of prograding sequence of a regressive sea.

INTRODUCGTION

Overlying the Calc Zone of Pithoragarh, the Berinag Quartzites constitute an import-
ant and well defined lithostratigraphic group of the sedimentary zone of Badolisera of
Lesser Himalaya of Kumaon, U. P. These are purely arenaceous rocks represented by
fine to coarse grained orthoquartzites, amphibolites, green phyllites and chlorite schists.
They attain a huge thickness of ¢z 2000 m in Pithoragarh District, U. P. (Sarava, 1976).
These quartzites have attracted the attention of many workers since the work of Misra
AND VaLprva (1961) and Varpiva (1962) who considered the entire sedimentary zone,
north of the North Almora Thrust, as inverted and contended that the sedimentary zone
represented the lower limb of a mighty recumbent anticlinal fold thrusted from north to
south.

This assumption of inversion puts the Berinag Quartzites as the oldest horizon of the
Zone of Badolisera. Due to the absence of any definite fossils except the occurrence of
stromatolites in the Calc Zone of Pithoragarh, this assumption could not be verified con-
clusively. The inversion theory was largely based on the convexity of the stromatolite
laminae. Later workers followed this theory (Misra & Kumar, 1968 ;  Misra &
BANERJEE, 1968). However, there is another view which considered the sedimentaries
as normal (HEmM & Gansser, 1939 ; Gansser, 1964 ; Rawm Ji, 1976). BANERJEE (1975)
also modified his earlier view and considered that the entire sedimentary zone as normal
with, of course, some local inverted sequences.
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For the present work the sedimentaries have been taken as normal which place
Berinag Quartzites as the younger and the Calc Zone of Pithoragarh as the older group
of the Zone of Badolisera.

In this paper an attempt has been made to record the sedimentary structures in the
Berinag Quartzites and on this basis an attempt has been made to reconstruct
the environment of deposition. The area of investigation lies in the toposheets 53 O/14

and 62 C/2 of Survey of India. The important villages of the area are Ganai and
Gangolihat.

GEOLOGICAL SETTING

The Berinag Quartzites constitute an important and distinct lithostratigraphic group
of the Zone of Badolisera of HEm AND (ANSSER (1939) which occupy vast region in the
Central Sector of Lesser Himalayas. These sedimentarics are bounded by two thrusted
masses. In the north is the Central Crystallines and in the south is the Crystalline Zone
of Almora. The entire sedimentary zone is tightly folded into a series of east-west trending
plunging anticlines and synclines.

In the present area, the sedimentaries of the Zone of Badolisera are subdivided into
two groups, the Calc Zone of Pithoragarh and the Berinag Quartzites, in which the former
overlies the latter. The Berinag Quartzites are further subdivided into three lithostrati-
graphic formations by Misra axp Kumar (1968) (Table 1). They have also discussed
the structures of the area. These quartzites are in the form of a doubly plunging

syncline (Fig. 1). This syncline is variously named as Simal Synform by MIisra AND
Kumar (1968) and Lamkeshwar Syncline by Ram J1 (1976)
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Fig. 1—Geological map of Ganai-Gangolihat area, U. P.
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quartzites are overlain by augen gneisses which
- These augen gneisses are also in the form of
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a plunging synclinc and constitute a tectonic klippen. The contact between the under-
lying quartzites and gneisses is taken as thrusted.

LITHOLOGY

The main lithology of this enormously thick succession of rocks is fine to coarse
grained orthoquartzites in which 95 to 98 per cent is made up of subangular to subrounded
quartz grains cemented together by silica. Sorting is poor to good. The heavy
minerals are very rare. Only tourmaline and zircon arc recorded. In the Simal
Formation tourmaline is almost absent. In opaque minerals hematite and magnetite
are recorded.

The boulders, pebbles and cobbles, which are seen in orthoquartzitic matrix, are
also made up of orthoquartzites. :

The amphibolites, green phyllites and chlorite schists which are present in minor
amounts are considered as volcanic equivalent of basic volcanic flows. At places in the
green phyllite, bands of relict amygdales can be identified.

SEDIMENTARY STRUCTURES AND ENVIRONMENT OF DEPOSITION

Saria FormMAaTION

It is made up of white to light grey orthoquartzites with very minor intercalations
of amphibolites, green phyllites and chlorite schists. In the lower part of this Formation
the main bedding type is parallel lamination with low angle discordances. The other
sedimentary structures are small scale cross bedding, small scale ripple bedding, wave
and current ripples, washed ripples and double crested wave ripples (PL. 1, Fig. 5). At
Dasaun Thal where thin silty and shaly bands are developed within orthoquartzites, small
scale current bedding, small scale ripple bedding and parallel bedding are the most
dominant bedding types. Herringbone structure is well developed which is considered
as the characteristic structure of tidal flat environments dominated by tides (PL. 1, Fig. 3).
The other sedimentary structures are mud gals, mud cracks and wave and current ripples
(P1. 1, Fig. 6).

This can be concluded that the lower part of this formation indicates a beach sandy
tidal flat environment of deposition.

The middle part shows parallel lamination with low angle discordances, mega ripple
bedding and small scale cross bedding. Very large scale mega ripple bedding (PIL. 1,
Fig. 1) is the dominant bedding type. Current and wave ripples are also seen. This part
must have been deposited in a tidal channel like environment where large scale mega ripple
bedding could develop.

In the upper part, the bedding is faintly recognizable and beds appear as massive or
very thickly bedded. This massive character may be deceptive in the absence of heavy
minerals and clay fractions. Because, even if the bedding is present it is not recognizable
in the field. However, poorly preserved parallel lamination with very low angle dis-
cordances can be recognized. This part might have been deposited in a beach environ-
ment. At the uppermost part of this horizon a persistent band of a boulder bed is seen
in which boulders of orthoquartzite are embedded in a matrix of a nvtky white to light
grey orthoquartzites. The cobbles and pebbles are subangular to subrounded. The
boulder bed may be the product of fluvial processes deposited by fast moving currents of

coastal rivers. The subangular nature of cobbles and pebbles indicate that these were
transported not far from the. source.
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GANAl FORMATION

It is dominantly made up of amphibolites, phyllites, tuffs and subordinate orthoquart-
artzites are interbedded with volcanic rocks which are metamorphosed
The orthoquartzites show parallel lamina-
also deposited in a beach

zites. The orthoqu
to amphibolites, phyllites and chlorite schists.
tion with low angle discordances. Perhaps these quartzites were

environment.

SiMAL FORMATION

This is the thickest formation made up almost exclusively of coarse grained ortho-

quartzites with occasional thin pebbly bands. These are interbedded with chlorite schists
and amphibolites. The orthoquartzites are massive or show well developed parallel
lamination. small scale cross bedding and mega ripple bedding. Both trough and
planar cross stratifications are profusely developed. Some of the mega ripple bedding
shows graded foreset laminae in which the coarser material is in the upper side. Normal
graded units are also seen. The cross bedded units show low angle discordances. Some
of the low angle discordances show convexity upwards (dune cross lamination of REINECK
SincH, 1973) (PL 1, Fig. 4). In few sequences the foreset laminae is making angles
between 30°—40° (Pl. 1, Figs. 7-8). In such sequences shaly horizons are surprisingly
absent. These units are better sorted. The heavy mineral placers are recorded which
are made up of opaque minerals (hematite and magnetite).

The cobbles and pebbles, made up of orthoquartzites and rarely of phyllites,
are distributed sparingly in Simal quartzites making a bimodal distribution of grain
S1Z€.

The Simal Formation was perhaps deposited in a beach like environment. However,
some sequences which show better sorting, absence of clay fractions, very high angle of
foreset laminae and dune cross bedding, are coastal sand dune deposits. The bimodal
distribution due to cobbles and pebbles and some lenticular pebbly horizons in these
quartzites indicate mixing of two energy levels. It appears that these pebbles
and cobbles must have been brought by coastal rivers and were redeposited by coastal
waves. '

Thus, the entire thickness of Simal Formation represents a coastal sand deposit.
Since the sands, located above the sea level, were exposed to wind activity and also to
fluvial agencies this resulted in the modification of sands into low dunes and some
river channel deposits. According to Gripp (1968) coastal dunes develop on stable and
specially on prograding shores. Coastal dunes occupy broad zone as wide as 9 kms as
in southern Pacific coast. ‘

According to REINECK AND SinH (1973) in case of the prograding coasts, which
are so common in the geological record, the major part of the sand has to be brought in by
the rivers.

- Varpiva (1968) has suggested a littoral or beach in stable shelf environment for
Berfnag .Quartzites on the. petrographical e‘vidences. However, the bimodal distri-
e ool turbulence sreated possbly by stonm.

possibly by storm.
sition of terrigenous clastic sediments. The entire t‘}’ﬁii""‘onm; i Sultal?le for the dePo-
represents coastal sand deposits predominantly beach c ne:Sl o rinag QuartZ{tes
was modified both by tidal currents and noh coastal sand dune complex: which
y tidal currents and coastal rivers,
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Heavy MINERALS

The heavy mincrals of the Berinag quartzites are studied by Kumar (1967, 69).
Only zircon and tourmaline are recorded from these quartzites, in which tourmaline is
almost absent from the Simal quartzites. The zircon and tourmaline are the most stable
minerals in the stability order of heavy minerals Fork, 1959). The absence of other
heavy minerals (except zircon and tourmaline) is quite intriguing. Since the environment
of deposition of these quartzites is taken as coastal sand deposit there was every
likelihood for the preservation of placers deposits of these heavy minerals but these are
surprisingly absent. There can be two reasons for the ahsence of other heavy minerals
from these orthoquartzites:

(1) The heavy minerals suggest that these orthoquartzites are highly matured and
only ultra stable minerals could survive the long history of transportation and
abrasion. All other heavy minerals were destroyed during this process.

(2) These deposits suggest a second cycle of deposition. All the boulders, cobbles and
pebbles except a few which are made up of green phyllites (metamorphosed
igneous rock) are made up of very matured orthoquartzites, which indicate ortho-
quartzite as the source rock for the Berinag Quartzites. The source rock was a
matured orthoquartzite in which only tourmaline and zircon were present as
heavy minerals. In the second cycle of deposition the heavies were further
depleted and during the deposition of Simal Formation only zircon could survive.

Thus, this can be suggested that the source rock for the Berinag Quartzites was
matured orthoquartzites possibly the Central Crystallines and the provenance for the entire
period of deposition remained the same. This can also be said that there is no possibility
of getting any placer mineral deposits in these orthoquartzites. These orthoquartzites
are not matured quartzites in the conventional sense but represent a second cycle of depo-
sition from the orthoquartzitic source area.

IeNEOUS AcTIVITY

The Berinzg orthoquartzites are interbedded with amphibolites, green phyllites
and chlorite schists, which are considered as metamorphic equivalent of basic volcanic
rocks. These are especially abundant and conspicuous in the Ganai Formation. It
appears that the volcanic activity started during the Salia Formation times and reached
maximum development during the deposition of Ganai Formation. But during the
deposition of Simal Formation the igneous activity considerably diminished. The entire
thickness of Berinag Quartzite took place in a very shallow coastal environment. It
appears that the volcanic flows took place near the coast most probably above the sea
level, i.e. on land. A few pebbles and cobbles of green phyllites in the Simal Formation
bear testimony to this fact which were deposited along with other clastic material near
the coast.

SEDIMENTARY TECTONIGCS

About 2000 m thick sequence of Berinag Quartzites is a product of a very shallow
coastal environment in which the water was never deep for more than a few meters and this
continued for the entire period of deposition with little variation. These deposits were
modified by wind and fluvial agencies. The subsidence kept pace with sedimentation.
The source was not far from the area of deposition and the rivers which brought the sedi-
ments continued to do so during the entire period of deposition. All this suggests that
the sedimentation of Berinag Quartzites took place on a stable platform area, and is the
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product of prograding sequence of a regressive sea. At the same time the volcanic flows
indicate rather unstable tectonic conditions. But this association is typical of Precambrian
terrains (SinGi., 1978). According to Fork (1968) the orthoquartzites (quartzarenite) derived
from the reworked sediments require no period of stability and can be formed under any
tectonic framework. In such rocks the maturity is generally low and they are charac-
terised by many textural inversion.
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EXPLANATION OF PLATE 1
1. Large scale mega ripple bedding, middle part of the Salia Formation, Ganai-Seraghat motor road.
Parallel lamination in the upper side and low angle discordances in the lower side, middle part of

the Salia Formation, Ganai-Seraghat motor road.

Herringbone structure in the Salia Formation, Dasaun Thal X 3. . . .

Small scale current bedding. Upper part shows sand dune cross bedding with convexity upwards,
the Simal Formation, Gangolihat-Berinag motor road.

Washed ripples in the Salia Formation, Ganai-Seraghat motor road.

Mud cracks in the Salia Formation, Dasaun Thal X3. ' '

High angle cross bedding in the Simal Formation, near Nag on Gangoh_hat—Berlrmg motor roadd.

High angle cross bedding in the Simal Formation, near Nag on Gangolihat-Berinag motor road.
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