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The structural study of the metamorphiles and granites belonging to the
Sausar Serios around Dongri Buzurg (21° 33’ N.---79° 42’ E.), Chikla (21° 338"
N.-—79° 45’ 20” E.) and Sitasaongi (21° 31’ N.—79° 45’ I.) in the northern
part of the Bhandara Distriet, Maharashtra, indieated the presence of repeated
isoclinal folds with their northern limbs overturned. The nature of the fold
closures, as formed by gondite and associated ore bands, the orientation of
the beddings and axial plane cloavage, as also tectonic profiles dvawn from
the folds around Chikla and Sitasaongi mine arcas, clearly indicate the tightly
appressed isoclinal nature of tho folds. In gencral, the regional fold axix runs
east-west or nearly so (usually 28"™-30° — 90°-97°). However, near the south-
western part of the field the east-west trending fold axis swings gradually
towards north-east-south-west to almost north-south. Thus the fold axis
appears to have been rotated on a north-west-south-cast axis. But as the
linear structures measured from that area did not show any such rotation
(when plotted on stereographic net), it may be assumed that the rotation of
the fold axis was the result of the same movement which produced the main
fold. Mesoscopie folds include drag folds, flexure folds, flow folds, ete.  There
are two major strike faunlts in this area. Besides, there are s number of minor
transverse faults in tho Sitasaongi and Chikla mines. Measurements and
plotting of the poles of bedding, foliations, mineral lineation, pucker lineation
and axes of small-scale folds from the whole area show that there is a high
degreo of tectonic homogeneity with respect to the orientation of the different
structural elements.

1. INTRODUCTION

The area under investigation occupies an extent of about 75 square miles
around Dongri Buzurg (21° 33’ N.—79° 42’ E.), Chikla (21° 33" N.—79° 45’
20" B.) and Sitasaongi (21° 31’ N.—79° 45’ E.) in the northern part of the
Bhandara District, Maharashtra. The different types of the lithic units of
the present area are part of the Sausar Series of pre-Cambrian age. The
structural disposition of the area under investigation has not been studied in
detail by any of the previous workers. Fermor (1909), West (1936) and
Straczek et al, (1956) have given some idea about the structure of this area
and the neighbourhood on a regional basis. Narayanaswami and Subraman-
yam (1959), Narayanaswami and Venkatesh (1960) and Vemban (1961) have

* Present address : Geological Survey of India, 8 Middleton Street, Caleutta 16.
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STRUOTURE AND TECTONICS OF THE AREA AROUND DONGRI BUZURG, ETC. 250

also worked in the Madhya Pradesh manganese belt and they too have given
some idea about the structure of the manganese belt on a regional basis.
According to them the rocks of the Sausar Series of Madhya Pradesh and
adjoining parts of Maharashtra are intensely folded into overturned isoclinal
and recumbent folds, major thrust faults, as well as major and minor strike,
and transverse faults and latre-sts;ge cross-folds have complicated the regional
structural picture. The preliminary account of the geometry of the structure
of the area has been discussed by the present author (Mitra 1963).

The author, in connection with his work on the manganese deposits of
the area, took special interest in mapping the area so that actual nature of

¥16, 6. m-S-diagram of 310 bedding oollected from tho whole area.
Plunge: 26° — 91°. Contour interval: 0-2-2-8-5-5-8-5-11-8%,
per 19, area. Maximum concentration: 11-8%.

the rock disposition could be known. He has prepared a geological map
giving as much structural details as the scale permits. The author studied

the mine areas in particular, where excellent sections are available and detail
maps in much larger scale could be prepared. The structural study was based
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on outcrop mapping at a scale of 2 inches = 1 mile (and 1” = 100’ in mine
areas) and on analysis of the structural units recorded during mapping. A
lithological map along with the generalized structural elements has been
prepared for an over-all idea of the regional structure (Fig. 1a) and the detailed
orientation of the different structural units are shown in another map (Fig.
15,

: Large-scale mapping of the areas around the manganese belt of Madhya
I’radesh and Maharashtra by the Geological Survey of India has led to
modification and amplification of the stratigraphic succession of the Sausar
Series presented by Fermor (1926) and West (1936). They proposed the
addition of two new stages—Tirodi biotite gneiss and Sitasaongi formation,
the former constituting the base of the Sausar Series and the latter occurring
between Tirodi biotite gneiss and Kadbikhera formation. Following the
generalized new succession of the Sausar Series (Straczek ef al. 1956, Shukla
and Anandalwar 1959), the author established that the sucecession of the rocks
of the Sausar Series as exposed in the area investigated is as follows:

Alluvium.

Quartz vein, Quartz-kyanite vein,
Pegmatite,  Non-foliated  granife,
Crushed quartzite, Silicified rock and

Blastomylonite.
Bichua formation .. Dolomitic marble.
Mangar formation with man-  Muscovite schist with garnet, stauro-
ganese horizon L lite, kyanite and biotite in places;
associated with manganese ore and
gondite.
Manganese horizon 11 .. Manganese ore interbedded with gon-

dite, black and pink quartzite.

Sitasaongi formation .. Quartz muscovite schist, commonly
felspathic, with intercalated quartzite
and quartz-tourmaline schist.

SAUSAR SERIES

. Tivodi biotite gneiss .. Biotite gneiss and in most cases granite
gneiss with intercalated arophibolite
and epidote granite, locally constituted
of augen gneiss, banded gneiss and
permeation gneiss.

Brief descriptions of the major rock types of this area are given below:

Tirodi gneiss covers the entire northern part of the area. These rocks
are intimately associated with felspathic schist of the Sitasaongi formation.
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They retain all the structural features that are found in the associated schists.
From microscopic as also on the basis of megascopic appearances they may
be distinguished as permeation gneiss, augen gneiss, banded gneiss and granite
gneiss. They are generally medium- to coarse-grained rock consisting of
potash-felspar, plagioclase, quartz, biotite, muscovite and a number of acces-
sory minerals. Both the field and laboratory investigations indicate the
possibility of a metasomatic origin of the Tirodi gneiss (Mitra 1961).

N

Ina. 6. Collective diagram of small-scale fold axcs (No. 50). Plunge:
32° — 92°, Contour interval: 3-13-23-35-479% per 19 area.
Maximum concentration : 549.

Pelitic and psammopelitic schists are overlying and underlying the
gonditic horizon respectively. They represent the Mansar and Sitasaongi
formations. The Sitasaongi formation, the older one, is characterized by
quartz-muscovite schist which is often felspathic and quartzitic. The
Mansar formation is characterized by mica schist often with garnet, staurolite
and kyanite. These schists are usually medium-grained and finely foliated.

The gondites are characteristically associated with manganese ore bands
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and retain in places reliet bedding. The constituent minerals are spessartite,
rhodonite and quartz with some tirodite, manganophyilite, alurgite, primary
and secondary manganese ore minerals, etc. Field and laboratory studies
indicate that gondite originated by metamorphism of the manganiferous
syngenetic sediments (Mitra 1961).

Besides the rock types described above, amphibolite, epidote granite,
yuartzite, quartz-kyanite rock, blastomylonite, pegmatite, dolomitic marble,
otc., are also exposed in the field on a minor scale.

2. STRUCTURAL ELEMENTS
(a) Pattern of outcrop

Before entering into the proper description of the different structural
clements, the patternm of outcrop is described first, in order to understand
the actual setting of the different lithic units in the field.

Mica schist, quartzose mica schist, felspathic schist and quartzite usually
voeur as repeated narrow strips. In the eastern and middle part of the field
these strips are elongated in an east-west direction. Tirodi granite gneiss
also oceur as elongated exposures striking east-west in the part. Mica schist,
quartzose mica schist, felspathic schist and granite gneiss show variation in
strike as one proceeds towards the west. The strike of these lithic units swings
from east-west to north-east-south-west and finally north-south in the south
of south-western part of the field. Gondites and associated manganese Ores
vceur as narrow strips elongated generally east-west from Chikla-Sitasaongi
area up to the middle part of the Dongri Buzurg mine. From the western part
of the Dongri Buzurg mine the gondite and black and pink gquartzite with ores
show a trend towards north-east-south-west and finally in the Karli mine
ares the trend of gondite and ore is north-south. Amphibolite, pegmatite,
epidote granite, quartz-kyanite vein and quartz veins usually occur along
the general strike direction of the associated rocks. But in exceptionally rare
cases pegmatite cuts across the associated rocks.

Gondites and associated manganese ore bands show closures at several
places. ln Chikla mine there are two gondite and associated ore bands
present. These bands run almost parallel towards east and form a V-
shaped closure in the western portion of the mine. The entire outcrop pattern
at the Sitasaongi mine 1s due to the repeated folds forming several closures
of outerop within a short distance.

(b) Bedding (5,)

The gondites and associated manganese ores exhibit well-developed
bedding or relict stratification (Fig. 17). DBedding is also well developed in
quartzite of Sitasaongi formation near Gobarwahi (23° 31’ N.—70° 43’ 48" E,),
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Paunarkhari (21° 38’ 31” N.—79° 42’ 47" E.) and north of the Sitasaongi village.
Beddings are extremely rare in mica schist of this area. In mica schist
bedding is marked in the south-south-west of the field. Beddings in gondites
are marked by alternate bands of spessartite, rhodonite, manganese ores, etc.
The thickness of the individual bands varies from a fraction of an inch to a
foot. The bedding foliation or S; plane has a general east-west strike and
steep southerly to south-easterly dip. The strike of bedding in north-south

N

Fio. 7. Collective diagram of mineral and pucker lineations from the
whole area. Plunge: 30° = 94°. Contour interval: 2:9-6-2-
10-4-14-5-21-29, per 19% area. Maximum concentration:
47-5%.

is marked in several cases as in Karli mine, and in hinge areas of several folds
at Chikla and Sitasaongi mines. The direction of dip of bedding in the
latter casos is towards east or nearly so. The magnitude of dip is variable
from 22° to 88°. However, it is usually steep and is of the order of 70° in
the eastern and central part of the field. But in the Karli area the amount
of dip is moderate (round‘about 45°).

p 1]
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(¢) Schistosity and gnetssic foliation (Sg)

Schistosity is well developed in schists of Mansar and Sitasaongi forma-
tions all throughout the area. The gneissic foliation has developed in the
granite gneiss. As it is mentioned earlier that the origin of this gneissic rock is
possibly due to metasomatism and the foliation in granite is inherited schisto-
sity within granite, so both schistosity and gneissic foliation are described
as S,. In both cases the attitude of schistosity and gneissic foliation is
almost the same. General strike of 8, is east-west with a persistent southerly
dip in the eastern and central part of the field. In the south-western part,
the general strike is north-east—south-west and sometimes swings almost
north-south. The dip amount is variable from 38° to almost vertical. In
the western and south-western portion the amount of dip is comparatively
low. The attitude of schistosity and gneissic foliation is normally parallel
to the bedding plane and conforms to the axial plane of the folds. But in
the hinge area of plunging folds, such as in Chikla and some parts of the
Sitasaongi mine, this schistosity cuts the bedding plane and hence it is axial
plane schistosity.

(d) Transposed schistosity (Ss)

Mica schists in Chikla and in the eastern continuation of Chikla ex-
tension show transposed schistosity. It is also seen in the northern side of
Karli. 3§, surfaces have been developed by extreme folding and transposition
of original schistosity surfaces, giving rise to ‘Umfaltung clivage’ as de-
scribed by Knopf (1931). The attitude of the S surfaces is quite different
from that of S, and is often at high angles to it. In Chikla it developed
almost at a right angle to S,.

(e) Lineation

Mbst of the S, surfaces in the schists and gneisses have a strong lineation.
The different types of lineations met with in this area are:
(i) Trace of intersection of §, on 8, (L), (i) Mineral lineation (Ls),
(iii) Pucker lineation (L), (iv) Axes of small-scale folds (L,) and
(v) Striae on slickensides (Lg).

(i) Intersection of Sy on 8y (L;)—The trace of intersection of relict
bedding on axial plane cleavage forms the most important linear structure
found in the area, and is found only in the nose area of the fold closures.
This type of lineation is very limited in this area and is observed in Chikla
and Sitasaongi mines. The amount of plunge of such lineation is moderately
low (between 20° and 35°) with persistent trend towards east.

(ii) Mineral lineation (Ly).—Lineations made up by parallel arrangement
of minerals are fairly common on 8, surfaces. Thése are mostly due to the

108
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preferred dimensional orientation of prismatic grains, such as micas and
hornblende, and also of the elongated grains of quartz and felspars. The
trends and plunges of mineral lineations coincide with those of L;. Measure-
ments of the mineral lineation in the field revealed an easterly and sometimes
south-easterly plunge, usually varying between 22° and 40°.

N

Fi1e, 8. Pucker lineation, mineral lineation and axes of small folds
collected from the whole area.

(iii) Pucker lineation (L;).—The puckers are conspicuous in most of
the Mansar schist and are comparatively rare in Sitasaongi schist. The
wavelengths and amplitude of puckers are variable and measured in milli-
metres (Billings 1960). The plunge of these lineations varies from 15° to 35°
‘towards 85° to 115°.

(iv) Azes of small-scale folds (L,).—The folds in the scale of hand speci-
men have been grouped as small folds. Small folds are frequently present
in schist, Tirodi gneiss and gondites with associated manganese ores. Asso-
ciated with these folds there are also intermediate folds which exceed half &
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metre in size. In most cases the axes of small folds run east-west. A con-
tour diagram prepared from the plunge of small-scale folds show excellent
concentration in east direction (Fig. 6).

(v) Striae on slickensides (Lg).—In the present area slickensides are
restricted only in the zones of minor dislocations. This type of lineation
is present in the Sitasaongi mine and in some parts near the Karli fault.
The plunge of these lineations is about 25° towards south-east.

Among the different types of lineations described here, L, and L, are
most common, followed by L,. The type L; is rather rare and occurs only
in the noses of the fold closures. The last type, L, is absolutely local and is
associated with the faults.

Trace of 8; on 8, (where S, is definitely the axial plane schistosity)
parallels the axis of the folds on §;; and hence it is regarded as true b (B)-
lineation. In the present field L, has been always found to coincide with
L; in both trend and plunge. The axis of the small folds in general runs
almost east-west, i.e. parallel to both L, and L,. In rare cases, however, it
makes some angle with b-lineations. The dihedral angle in such cases is
usually low, in rare cases it exceeds 80°. Though most of the pucker axes are
parallel to the definite &-lineation, few measurements taken from Mansar
schist at Chikla and at Sitasaongi mines have very low angles (about 10°
towards west or nearly so). According to Vemban (1961) these are the results
of flowage folding within the trough of light fold. However, the puckers
may be regarded as a non-penetrative structure and may form at any angle
to the fold axis (Kvale 1946-1947). Moreover, these puckers may be the
results of slight movement impulses, later than the fold movement. Linea-
tion of the type Lg (Striae on slickensides) is definitely parallel to the move-
ment direction restricted on the fault plane. Since the fault cuts across the
earlier foliation, it is definitely later than the folding.movement and con-
sequently this lineation has nothing to do with the fold axis.

A contour diagram prepared from the plunge of the different types of
lineations shows maximum concentration in the east direction with a little
scattering in west and south-east directions (Fig. 8). This scattering corre-
sponds to the axes of small folds and puckers which deviate from the normal
course as discussed in the earlier paragraph.

(f) Joints

Sitasaongi schist and manganiferous quartzite are highly jointed in
places. Some joints in Chikla are found to be parallel to the strike of a fault.
Strike and amounts of dip are variable. The joints vary in size ranging
from a few centimetres to several metres (up to 3 metres). Contour dia-
grams prepared from the poles of joints plotted from different parts of the
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field shows the presence of three types, such as (i) Oblique joints, (ii) Cross-
joints and (iii) Longitudinal joints.

Fig. 9. Contour diagram of the poles of 80 joints in manganiferous
quartzite, Kurmura, Contour interval: 4-8-12-169, per 1%
area. Maximum concentration : 329.

(1) Obligue joint.—Oblique joints are developed nearly at 45° with the
b-lineation. Many joints of this area are oblique joints. Oblique joints
measured from the north-western part of the Chandpur Tank are fairly steep
trending north-north-east—south-south-west (Fig. 9). Similar analysis of
joints from north-east of Kurmura (21° 32’ 32" N.—79° 40’ 13" E.) shows that
they are less steep and have south-east—north-west trend. .

(i) Cross-joint.—Cross-joints are less frequent than oblique joints. These
occur at right angles to the dominant linear structures of the rock. They are
thus normal to the regional fold axis. The cross-joints from the south-eastern
part of Balapur (21° 32" 31" N.—79° 40’ 5" E.) are moderately steep (Fig. 10).

(ili) Longitudinal joint—Longitudinal joints are parallel to the regional
trend of lineation and are frequently seen in this area. This type of joints
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measured from south-east of Balapur reveals that longitudinal joints of tl:us
part of the field are moderately steep (F1g 10).

3. REecroNarL Forn Axis

'The attitude of the fold axis in the large scale (i.e. in the scale of the
map) was determined by the following methods:

(i) From intersection of bedding with axial plane cleavage—Bedding and
axial plane cleavage intersection was not frequently seen in this area, as
the area is isoclinally folded. The plunge of the intersection of axial plane
cleavage and bedding is moderately low towards east.

N

Fie. 10. Contour diagram of the poles of 105 joints in felspathic-
quartz-muscovite schist, south-east of Balapur. Contour
interval: 3-7-11-15%, per 19, area. Maximum concentra-
tion: 30%.

(ii) From the study of the n-diagrams.—From the study of the »-diagrams
prepared by plotting the attitudes of bedding, it was found that the plunge of
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fold axis is remarkably constant towards east with very minor variations
in a few cases.

#-S-diagram of the poles of bedding (more than 300), collected from the
whole area, shows that the plunge of the fold axis is to the east at nearly
27° (Fig. 5).

(iii) From the attitude of small folds.—The majority of the small folds
plunge towards east with little deviation in some cases, especially in the
western part of the field where it is north-east——south-west and in some
cases almost north-south,

N

Fi16. 11. #-S-diagram of 136 bedding collected from the Chikla mine.
Plunge: 23°~>97°, Contour interval: 0-4-3-5~6-5-11-9-19-6%,
per 1% area. Maximum concentration: 35-6%. Lineation
collected from the same ares is also shown in the diagram.

(iv) From the direct measurement of the attitude of large folds—Where the
hinges of the large folds are well exposed, a rough idea of the attitude of fold
axis was obtained by measuring its dip where it was minimum, In most
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cases the fold axis plunges towards east with a little variation in the western
part where fold axes run north-east—south-west. '

(v) From the attitude of b-lineation (other than S, and 8 intersection),—
From the attitude of b-lineation (other than §; and §, intersection), some
idea of the regional fold axis was also obtained. Most of the lineations
plunge towards east and east of south-east.

So, from the above discussions it is clear that the trend of the regional
fold axis is towards east-west with a little variation in the south-western
part of the field where it is north-east—south-west and in places almost
north-south. Thus it appears that the fold axis appears to have been rotated
on north-west—south-east axis. But as the linear structures measured from
that area did not show any such rotation (when plotted in stereographic net),
it may be assumed that the rotation of the fold axis was the result of the
same movement which produced the main fold.

4. DzxscrrrTioON OF LARGE-scaLE FoLps

The area is represented By repeated isoclinal folds. The folds are tightly
appressed with their northern limbs overturned. In most cases the fold
axes have east-west trend and the folds plunge easterly or nearly so. But
in extremely rare cases the folds show some variation in direction of fold
axes. For most of the cases the fold axes plunge in a low angle generally around
30° towards east. But in the north and north-eastern part of Karli (21° 30/
14" N.—79° 41’ 10" E.) the folds plunge towards south-east with the amount
of plunge a little bit high.

For the detailed study of the tectonic style of the area, mapping on a
large scale was done (based on surveyed maps of C.P.M.-0.) in the major
mine areas (Figs. 2, 3, 4).

Folds in several cases, specially in Chikla and Sitasaongi mines, show
closures. In these areas the structure is well defined by gondite, black

quartzite and associated manganese ore bands. The main fold patterns are
described below:

(i) Chikla syncline—This is the most spectacular isoclinal syncline
defined by the gondite and associated manganese ore band in the Chikla mine
(Fig. 2). In the core of the syncline there occurs mica schist of Mansar for-
mation—the youngest formation (Straczek et al. 1956). 'The associated schists
are also folded similarly. The beds in the limb show a steep dip, about 72°
towards south and south-east. The fold axis runs towards east. =-S-diagram
prepared from 130 bedding poles collected from both the limbs, as well as from
the hinge area, show that the amount of plunge is 23° towards 97° (Fig. 11).

The southern limb of this Chikla syncline is folded in the eastern part
of the hinge area into an anticline and a corresponding syncline. The axes
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of these folds run towards north-east and south-west. g-diagram prepared
from bedding collected from this area shows plunge of the fold axis is 32°
towards north-east (Fig. 12). All the axes of these folds ultimately culminate
into the main fold axis. This may be taken as a local phenomenon.

N

Fig. 12. B-diagram of a few bedding planes, collected from the southern
limb of the Chikla syncline. Plunge: 32° —~ 55°.

(ii) Sitasaongi folds—In Sitasaongi mine there are a number of folds
defined by gondite—black quartzite—manganese ore band (Fig. 3). There
are five isoclinal synclines and three associated anticlines. These folds are
tightly appressed isoclinal type. The beds in the imb show a steep dip, about
80°. The axes of these different folds are more or less parallel and run to-
wards east-west. The amount of plunge varies from 24° to 32° towards
east. w-8-diagram, prepared from 130 bedding poles collected from the whole
area at Sitasaongi mine, shows that the fold plunges 30° towards east (Fig. 13).

(iii) Folds in the Dongri Buzurg mine area.—The gondite-manganiferous
quartzite band in the western portion of the Dongri Buzurg mine is folded
to a syncline and a corresponding anticline (Fig. 4). The axes of these folds
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have a plunge of about 30° towards south-west. This is a departure from the
general attitude of the fold axis of the present area (east or east of south-east).

In the eastern part of the mine Mansar schist is folded. The axes of
these folds run approximately east with the amount of plunge varying from
32° to 35°. '

(iv) Folds in the other parts of the field —In the southern part of the
field the schists and the gondite ore band show some warping (Fig. 19). The
axes of these warped area vary from east to south-east. =-pole-diagram,
prepared from the poles of bedding and foliation collected from this portion
of the field, shows plunge 38° towards 118° (Fig. 15).

5. DzscrrerioN orF Forp StyYrLEs 1IN MESOSCOPIC SCALE

Mesoscopic folds with amplitude measuring less than a metre to about
5 metres are present in gondites in association with manganese ore, Sitasaongi

Fi6. 13, #-S-diagram of 130 bedding collected from the Sitesaongi mine.
Plunge: 30° » 90°. Contour interval: 0-4-3-7-7-1-12-9-21-29%,
per 1% area, Mazximum concentration: 46-6%,. Lineation
collected from the same area is also shown in the diagram.
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and Mansar schists and Tirodi granite gneiss. Most of these folds refloct
major folds in their orientation and attitude.

Fio. 14, Synoptic diagram (#-S) of 1,400 foliation collected from the
whole area. Plunge: 30°— 96°, Contour interval: 0-1-1-4—
2:9-4:3-8-99, per 1% area. Maximum -concentration :

21-5%,

Mesoscopic folds are mostly a flexural type. These folds generally show
constancy in thickness of bed as measured at right angles to the bedding surface
throughout the fold. But the distance measured along the axial plane show
gradual variation from the hinge to the limb. The axes of these folds run east-
west for most of the cases; but in the western part of the area a few folds
show axial traces trending almost north-south. The axial plane dips moder-
ately steep towards south. The fold axes plunge around 30° towards east
or nearly so. Flexure folds are common in Tirodi granite gneiss, Sitasaongi
and Mansar schists (Fig. 21). Flexural folds are sometimes accompanied
by flow. These folds are present in granite gneiss (Fig. 22) and in gondite

(Fig. 23).
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In the eastern face of the Sitasaongi mine at the 60 ft level, drag folds are
beautifully displayed by the side of a fault (Fig. 18). There are few anti-
clines and synclines which resemble the major fold axis in attitude. The
plunge of these folds varies from 30° to 32° towards east. Such types of folds
are also marked in gonditic ore band in Chikla extensjon area.

Fold with vertical axial plane is not frequently met in this area. In
the south-western part of the Chikla mine a fold in Sitasaongi schist shows
vertical axial plane. This fold shows local thickening of the bands at the
hinge (Fig. 24) due to the migration of the materials at the hinge. Folds
with vertical axial plane were seen only in a single case and appear to be
only local in nature.

Some folds showing no geometrical regularity may be termed flow folds
(Bain 1931). These folds bear no definite relation with the attitude of the

4

Fie. 16, Contour diagram of 126 poles of foliation and bedding collect-
ed from the south-gsouth-west part of the field. Plunge: 38° —
118°, Contour interval : 0-5-4-1-7-7-14-1-23-29%, per 19, area,
Maximum concentration: 369,. Lineation collected from the
same area is also shown in the diagram,
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regional fold. Flow folds are present in granite gneiss near Devnara (21° 32’
32" N.—79° 38’ 29” E.) and in the northern parts of the area (Fig. 26). Chevron
fold is present only in granite gneiss (Fig. 25).

Fia. 16, Collective diagram of bedding, foliations and lineations (total
1,880) collected from the whole area. Plunge: 28° — 05°.
Contour interval : 0-5-1-2-83-3—4-1-7-79%, per 1% area. Maxi-
mum concentration: 11-79%,.

6. DEsSCBRIPTION OF THE FAULTS

Several faults of different dimensions were found in this field and the
description of these faults is given below:

(i) Karli fault.—Near the Karli mine in the south-south-west part of
the field the thin bands of east-west running quartz-muscovite schist of
Sitasaongi stage have abruptly been truncated by a fault trending approxi-
mately north-south. The fault was recognized in the field by the nature
of the abrupt shift of beds and the juxtaposition of the Sitasaongi stage
rocks with those of the younger stage (Mansar stage) along the fault plane.
Moreover blastomylonite is present along the fault zone. This is a strike
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fault and the fault plane dips steeply. The eastern side of the fault is the
down-throw side.

(ii) Chikle fault—The Chikla syncline in the eastern side of the Chikla
mine is faulted (Fig. 2) near the road connecting Chikla and Sitasaongi.
There are two consecutive faults in this area. The horizontal displacement
of the gondite and associated ore band is near about 175 ft. These two
faults are almost parallel. The faults trend north-east—south-west and have
the successive down-throw on the eastern side. The fault plane dips 45°
towards south-east. The plunge of the trace of the bedding on the fault
plane is 32° towards south-east.

(iii) Sttasaongt faults—There are a number of faults (Fig. 3) that
affected the ore body in the Sitasaongi mine. Most of the fault planes are
inclined. These faults are comparatively small and were recognized by
displacement and occurrence of slickensides. Description of the different
faults in the Sitasaongi mines are given below:

() Fault: FFi—It starts from quartz-muscovite schist at the core
of the first anticline (from south), runs east-north-east and cuts through the
northern limb of the anticline, passes through mica schist of Mansar stage
when the direction is nearly east and then cuts the ore band at the closure
of the second anticline on the 60 ft level. In this portion the fault plane strikes
156° and dips 46° south-east. After that it dies out in the schist country.

(b) Fault: FoFy.—It displaced the southern limb of the third anticline
on the 100 ft level. The horizontal displacement along the fault plane is
less than 100 ft. The trend of the fault is north-north-west—south-south-east.

(c) Fault: F3Fg—It is found in the ore band within a quarry above
100 ft level and has a step-like appearance. Trend of this fault is approxi-
mately north-east—south-west and dips 42° towards east.

(d) Fault: FF—1t is the smallest among the faults in the Sitasaongi
mine. It is shown by the displacement of the southern limb of the first anti-
cline. The displacement is 20 ft. The trend of the fault is north-north-
west—south-south-west.

(iv) Rajapur fault.—This is the largest fault which was seen in the present
field. It runs towards west from Rajapur (21° 33’ 29" N.—79° 44’ 27" E.) for
more than four miles. The fault is identified by the occurrence of silicified
rock all along the fault zone. This fault has an east-west trend and shows no
displacement in the surface. It is a strike fault.

Fia. 17. Relict bedding shown by gondite, Chikla mine.

Fra, 18, Drag folds in the manganess ore band, Sitasaongi mine.

Fre. 19. Warping in the gonditic ore band, Karli mine.

F1e. 20. Folding in banded gneiss near Devnara.

Fia. 21. Flexure folds in Tirodi gneiss east-south-east of Lobhi.

Fie. 22. Flow folds in association with flexure folds in Tirodi gneiss south-east of Lobhi,
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The strike faults in this area show concordant relation with the lithio
units and are possibly believed to have developed contemporaneously with
the fold movement.

The transverse faults are comparatively smaller in dimension. Accord-
ing to Vemban (1961) the transverse faults in the manganese belts are of the
nature of tension faults produced as a result of the release of stress at the
close of the deformation period.

7. SUMMARY OF THE REGIONAL STRUCTURE AND CONCLUSION

The rocks of the different formations are intensely folded isoclinally
along east-west axes which generally plunge eastward with moderately low
angles. Study of the tectonic profiles drawn perpendicular to the fold axes
of the syncline in the Chikla mine, and different isoclinal anticlines and
synclines in the Sitasaongi mine, show that the folds are tightly appressed
isoclinal type (Figs. 27 and 28).

Sew/e
100 o loo F£

Fia. 27. Tectonic profile of the Chikla syncline, Chikla mine.

From the study of the different structural units it has been found that
the regional fold axis runs towards east-west or nearly so for the major part
of the area. However, in the western and in the south-western part of the
area the fold axis gradually veers towards north-east—south-west to almost
north-south. Thus the fold axis appears to have been rotated on a north-
west—south-east axis. DBut as the linear structures meagured from the western
and south-western parts did not show any such rotation when plotted on

F1e., 23. Flexure folds in association with flow folds in gondite, Chikla mine.

F1a, 24, Mesoscopic fold in Sitasaongi schist with vertical axial plane, Chikla mine.
Fi1a. 25. Flow folds in Tirodi gneiss near Dhutera.

Fi1a. 26, Chevron folds in Tirodi gneiss in the north-east of Ashti.
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stereographic net (Fig. 15), it may be assumed that the rotation of the fold
axis was the result of the same movement which produced the main fold.

It is clear from the discussion given previously that north-south fold
movement results in the formation of isoclinal folds with east-west trending
fold axes. But locally, specially in the south-western part, the transport
was oblique to the regional transport due to resistance to movement, hence
the cause of variation in fold axis. Again the overturning of the folds to the
north indicates that the predominant movements came from the south. With
the increase of movements strike faults developed and these were followed
by transverse faults,

It has been noted earlier that bedding and axial plane cleavage in the
gondites, associated ore bands and quartzite are parallel to each other except
in the hinge area of plunging folds. Their disposition in this area is generally
planar and regular. It is to be noted that the geometry of bedding plane
shows a monoclinic symmetry with a little variation in places. Measure-
ments and plotting of the poles of bedding, foliations and different types of
lineations (altogether nearly 1,900) collected from the whole area, show that
there is a high degree of homogeneity with respect to the orientation of the
different structural units (Fig. 16).

Scate
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Fi1e. 28. Tectonio profile of the different anticlines and aynclines in the
Bitagaongi mine.
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From the detailed structural studies of the area in and around the dif-
ferent manganese ore deposits of the area, it is clear that the folding has been
responsible for localization and concentration of manganese ore bodies in
places such as in Chikla, Chikla extension and the western part of the Dongri
Buzurg mine.
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