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Introduction

Geology of Sausar Group of rocks, extending from Chhindwara district of Madhya Pradesh, 
in the west, to Balaghat district, in the east, and possibly continuing beyond, is interesting for 
encompassing majority of the manganese deposits of the world. Sir Lewis Fermor [1], through 
a series of publications between 1904 and 1909, brought out a detailed account of his “Sausar 
Series” (phyllite, schists, gneisses, crystalline limestone/marble and calc-silicates/granulites 
and associated manganese ore deposits) of Central India. The stratigraphic succession sug-
gested by Fermor (op.cit) and improved upon by West (1936, in [2]) and later by Naryanaswa-
mi et al. [3] is largely accepted for the gneiss and schist belt of Sausar group of Central India. 

West (op.cit) was of the opinion that the gneisses of Sausar Group are composite in nature 
and are produced by the intrusion of igneous material either into the pre-existing igneous 
rocks or into the metamorphosed sediments belonging to Sausar Group. Straczek et al. [4] 
included these migmatitic gneisses within the Sausar group, as the basal member, and named 
them “Tirodi biotite gneiss”. Narayanaswami et al. [3] and Shukla & Anandalwar [5], however, 
considered the “Tirodi gneiss” to be the basement for the Sausar Group, having a disconfor-
mity between the two.

However, the entire stratigraphic column erected for Sausar group is never witnessed at 
any single location. Furthermore, the rocks being metamorphic in nature, neither the pres-
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Abstract

The Proterozoic rocks of Sausar Group, comprising a pack of metasedimentaries and biotite gneisses, 
are subject of debate from the beginning. Presence of similar rocks as enclaves within the basement 
gneisses, and also within the cover sediments of Sausar Group is mind boggling. In absence of undoubted 
sedimentary structures, erection of stratigraphic column of the Sausar metasedimentaries, leaves ample 
scope of reasonable doubts. 

Selective association of the debatable conglomerates with mylonite zones, along with stretching,  
boudinaging and rotation of the hydrothermal emplacements along these mylonites are suggestive of the 
formation of autoclasts, deceiving for sedimentary conglomerates. The granitic/gneissic pebbles of these 
autoclastic conglomerates are the stretched and rotated boudins of the pink feldspar bearing quartzo-
felspathic emplacements. Biotite gneisses, including Tirodi biotite gneiss and the Junewani gneiss, are 
products of synkinematic emplacement of huge mass of white feldspar bearing granitic material within 
pre-existing carbonate dominated sediments. Enclaves of granulites occuring within the biotite gneiss 
represent ‘skarns’, derived metasomatically from the peripheral part of the Sausar metacarbonates. Both 
the varieties have identical mineralogy and chemical composition. Further granitization of these skarns/
granulites produce ‘biotite granulites’, ‘hornblende gneiss’ and ‘calc-silicate gneisses’, depending upon 
the degree of assimilation. The pink feldspar magmatism during late D1 deformation is manifested as 
widespread quartzo-felspathic activity, especially along the available weak zones, and occasionally form 
small stocks of pink foliated granite. Boron metasometism and greissening associated with the pink 
magmatism is responsible for replacement of feldspars by tourmaline and muscovitization/sericitization 
of the feldspars respectively, producing tourmaline bearing quartz-muscovite schist/gneiss along the 
periphery of such emplacements. The Sausar metamorphites and the gneisses of the area, therefore, 
are the products of granitic activity within the largely carbonate rich sediments. It is thought provoking, 
therefore, if these rocks are amenable to stratigraphic hierarchy.

Keywords: Autoclastic conglomerate; Metacarbonates; Metasedimentaries; Synkinematic emplacements; 
Skarns; Granulites; Calc-silicates; pink magmatism; Greissening
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ervation of primary sedimentary structures indicating direction of 
younging is expected, nor has been taken support of while allotting 
hierarchy between the different sub-groups (Formations).

Origin of the conglomeratic rocks present at many locations at 
the contact between biotite gneiss and Sausar metasediments is 
debatable and remains unresolved till date. Mohanty [6], neverthe-
less, has suggested that the conglomerate forms the basal unit of 
Sausar Group in Mansar area of Maharashtra, India. 

Ambiguity prevails, also, about the origin of calc-silicates/gran-
ulites occurring along the periphery of Lohangi and Bichua meta-
carbonates, and also within the Tirodi biotite gneiss. Pascoe (op.cit) 
refers to the fact that in strike continuity calc-granulites grade into 
marble, through banded calciphyres. Subramanyam [7] observed 
that at many a places amphibolites (of supposedly igneous origin), 
present in the western part of Balaghat (toposheet 55 O/10), have 
a gradational relationship with calc-silicates/granulites and they 
could be metamorphic variants of marbles and/or calc silicates. 
Naryanaswami & Venkatesh [8], also, have reported about the lat-
eral grading of Lohangi marble into the calc gneisses, and about the 
presence of these calc gneisses within the Tirodi biotite gneiss of 
the surrounding area. 

Banerji et al. [9], based on their observations of cross cutting 
relationship between the foliation of the country rock and the asso-
ciated manganese ore bodies in Bharweli and Tirodi area, have pro-
posed an epigenetic origin for the manganese deposits, being later 
to the Sausar sedimentation. Banerji et al. [10], have also reported 
contact metamorphism of the Bichua metacarbonates of the Sausar 
Group from the western part of Balaghat, Madhya Pradesh. Accord-
ing to them, causative body for making the Bichua rocks thermally 
metamorphosed is Tirodi Biotite gneiss. This paper, thus, analyses 
the field evidences from Balaghat and Seoni districts of Madhya 
Pradesh, to ascertain if the present hierarchy allotted to the rocks 
of Sausar Group warrants reconciliation. 

Geologic Setting

The rocks of the Sausar Group have been sub-divided (after 

[3]), in ascending order, into a basal Sitasaongi quart-muscovite 
schist and gneiss Formation, followed upward by Lohangi marble 
and calc-silicate/granulite/gneiss Formation, Mansar phyllite and 
muscovite schist/gneiss Formation having manganese horizon at 
bottom, middle and top of the formation, Chorbaoli quartz-mus-
covite schist/gneiss and quartzite Formation, Junewani bio-
tite-muscovite schist/gneiss and biotite granulite Formation and 
the youngest Bichua marble and calc-silicate Formation (Figure 1). 
Naryanaswami et al. [3] has considered the Tirodi biotite gneiss to 
be the basement for the Sausar Group and the contact between the 
two has been taken to be disconfirmable. Phadke [11], however, has 
favoured emplacement of large scale anatectic melts into the Sausar 
metasediments, producing granitic gneisses.

Lithological Observations 

Biotite gneiss

The most extensively occurring group of rocks in this part of 
Madhya Pradesh is ‘Biotite gneiss’, encompassing several textural 
and mineralogical variants. The ever-changing nature of these bi-
otitic gneisses makes it impossible to delineate them separately as 
individual litho-types. The variation in mineralogy and texture is 
essentially caused by the presence of innumerable bands/patches 
of calc-silicates of variable mineral composition and their further 
digestion. Nearer to the belt of Mansar Formation (Figure 1), these 
calc-silicate bands/patches are dominated by mineralogy of green 
schist facies. Progressively away from the Mansar belt, calc-silicates 
represent amphibolite and pyroxene granulite facies [10]. These 
calc-silicate bands also show different degree of assimilation with-
in the biotite gneiss. In the farthest area from the metasedimentary 
belt i.e. to the extreme north, degree of assimilation is maximum 
with the calc-silicates left as ghost structures (Figure 2) within the 
monotonous gneissic terrain. The gneiss is mafic rich adjacent to 
the enclosed calc-silicates. Often, the mafic minerals of the calc-sili-
cates get retrograded on assimilation, acquiring amphibolitic com-
position. The characteristic granulose texture of the calc silicates is 
also retained in the patches where the interaction is metasomatic.

Figure 1: Geological sketch map of Sausar rocks of Balaghat-Seoni area (after Banerji et.al., 2007).
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Figure 2: Calc-silicate ghosts within biotite gneiss.

Additionally, emplacements of pink feldspar bearing quart-
zo-felspathic material of variable dimensions cause felspathization 
of the biotite gneiss with epidotization and enrichment of white 
mica and garnet along the bordering zones. At many places felspath-
ic mica schists are developed along pink pegmatite bodies. Quartz, 
muscovite and sericite are main constitutents of these schists with 
minor amounts of epidote, chlorite, tourmaline, actinolite, garnet 
and at places fibrolite. Northern extension of the Tirodi manganese 
mines exposes best example of such schists.

The biotite gneiss is generally coarse, streaky, banded, gran-
ulose and equigranular in nature. Biotite is most dominant mafic 

mineral, though hornblende, in the bordering zones of ghost struc-
tures, is also not uncommon. Oligoclase/andesine is the dominant 
feldspar comprising the gneiss with quartz and accessory amount 
of biotite along with muscovite, chlorite, epidote and garnet. Ortho-
clase, perthite and microcline feldspars are also common nearer to 
pink quartzo-felspathic emplacements. Migmatitic structures are 
very common along with agmatic, stromatic, lit-par-lit, ophthalmic 
and dilation structures. Opthalmic structures are product of pinch 
and swell mechanism acted on layers of quartzo-felspathic material 
(Figure 3) producing pseudo-augens. Subhedral, smaller (2-3cm), 
equant feldspar crystals produce porphyritic texture.

Figure 3: Pseudo augens produced by pinch and swell mechanism within paleosomatic biotite granulite.

The Tirodi biotite gneiss, in existing literature, is known to 
enclose amphibolites, calc-silicate/gneiss and quartz-biotite gran-
ulites. Added to that, presence of metacarbonate in core part of 
calc-silicate raft, enclosed within biotite gneiss, is reported in the 
subsurface data of Bawantheri dam foundation [10]. In addition, 
amongst many others, mention of enclaves of metacarbonates in 
the biotite gneiss of western part of Balaghat can also be made, 
occuring 1km ESE of Piparwani (21°39’: 79°34’), and at Pulpu-
la (21°41’: 79°33’). In the eastern part of Balaghat, a nala section 
near Newargaon (22°02’: 80°08’), located on the Charegaon-Lamta 
road, also exposes metacarbonate enclave within biotite gneiss. In 
all such locations, metacarbonates occur in association with a rim 
of calc-silicate. Also, a review of the geological map (Figure 4) pre-
sented by Banerji et al. [10] clearly shows the presence of plenty of 

smaller metacarbonate rafts within biotite gneiss, in vicinity of the 
major metacarbonate bodies belonging to Bichua Formation.

Thus, it is quite enigmatic that the basement gneiss (Tirodi bi-
otite gneiss) encloses representatives of all the major rock types, 
constituting the cover sediments of Sausar Group, known to be rest-
ing over it. The difference between the enclaves of metasediments 
and the similar cover sediments is never dealt with in the existing 
literature. However, in this context, the view of Dr WD West [in Pas-
coe (2)] that the gneisses of Nagpur-Seoni area are produced by the 
intrusion of igneous material into the metamorphosed sediments 
of Sausar Group, appears to be more pertinent.

Banerji et al. [10] describes a linkage between metacarbonates 
of Bichua Formation of western part of Balaghat and the calc-sili-
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cates present in its peripheral part, and also within the surrounding 
biotite gneiss. They referred the calc-silicates as ‘skarns’ formed by 
thermal interaction between the Bichua metacarbonates and the 
enclosing biotite gneiss. The thermal interaction between them ob-
viously implies advancement of hot granitic melt, in synkinematic 
conditions, producing biotite gneiss. The biotite gneiss is richer in 
accessories like actinolite, tremolite calcite/dolomite and cum-
mingtonite near metacarbonate contacts, and encloses patches of 
metacarbonates as well as partly assimilated calc-silicates. Mineral-

ogy of these calc-silicates makes them resistant to assimilation, and 
thus, making their presence more frequent and widespread within 
the biotite gneiss. At places, these resistant calc-silicate bodies re-
tain metacarbonates in their core part, having helped in escaping 
assimilation. The metacarbonates, on the contrary, without the rim 
of calc-silicates, get assimilated easily and, therefore, lack larger 
distribution within biotite gneiss and are restricted only near to the 
bigger rafts.

Figure 4: Geological map of part of topo sheet 55 O/10 [10].

The biotite gneiss has a gradational relationship with all the va-
rieties of metasedimentaries. Thus, it is the biasness of the observer, 
having a preconceived idea of existence of a basement gneiss, which 
differentiates the gneisses present in vicinity of metasedimentary 
bands and showing gradational contacts and having caught-up-
patches of the nearby metasediments, as Junewani gneiss. Work-
ers like Subramanyam [7], therefore, have considered the biotite 
gneisses of Ramrama and also of the northern part of toposheet 55 
O/10 where the gneisses adjoining the metacarbonate bands show 

a gradational contact and also include calcic bands within it, as be-
longing to Junewani Formation.

Analysis of biotite gneiss collected from different locations of 
western part indicate that the gneiss has abnormally high values of 
CaO and MgO (23.40% and 18.30% respectively) and correspond-
ingly low SiO2 and Al2O3 (34.53% and 5.44% respectively) values 
near the metacarbonate contact (sample No. 8). The biotite gneiss, 
in general, analyses higher values of CaO and MgO and higher ratio 
(2:1) of K2O/Na2O (Table 1).
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Table 1: Chemical analysis of biotite gneiss from 55 O/10.

Chemical Analysis of Biotite Gneiss from 55 O/10 (Courtesy GSI)

Smpl No 1 2 3 4 5 6 7 8 9 10

SIO2 56.11 53.49 63.82 79.54 82.96 62.85 73.05 34.53 66.53 71.63

Al2O3 23.66 15.74 16.67 9.48 7.01 21.73 13.09 5.44 14.09 12.95

FeO 2.34 0.54 3.96 - 0.18 0.72 1.08 1.44 3.24 -

Fe2O3 1.69 13.21 0.27 1.59 0.6 0.2 0.3 0.05 1.6 5.6

TiO2 0.52 0.81 0.72 0.21 0.26 1.09 0.1 0.25 0.5 0.48

CaO 5.4 0.36 2.83 1.12 1.68 0.42 3.4 23.4 4.6 2.1

MgO 1.28 2.61 2.54 1.2 0.21 0.68 0.37 18.3 2.17 1.29

K2O 2.13 8.76 4.12 3.7 5.7 8.86 5.07 2.94 2.54 2.9

Na2O 5.43 2.71 3.65 2.75 0.59 0.44 3.18 0.19 3.81 2.15

MnO - 0.52 0.05 0.09 0.02 0.02 0.02 0.05 0.06 0.11

P2O5 0.3 0.3 0.27 - 0.09 0.49 0.15 0.15 0.3 -

H2O 0.62 0.29 0.58 0.18 0.67 2.24 0.2 0.56 0.54 0.16

CO2 - - - 8.13 - - - 12.3 - 0.18

Metacarbonates

The Sausar meta-carbonates of the Seoni – Balaghat region 
have best representation near the western border of Balaghat dis-
trict, and continuing into Seoni, where a number of mapable bands 
of meta-carbonates, belonging to Bichua Formation, are exposed in 
a surrounding of biotite gneiss (Figure 1). Elaborate descriptions 
of these bands are available in a recent paper by Banerji et al. [10]. 
These greyish-white to white meta-carbonates are predominantly 

dolomitic, showing strong thermal effects in the peripheral part. 
Dark coloured patches, rich in minerals like diopside, augite, horn-
blende, and epidote with accessory amount of quartz, bytownite/
andesine, sphene and apatite with a characteristic granulose tex-
ture, occur at many places in the peripheral part of the meta-car-
bonates. Formation of these calc-silicate minerals appears to have 
taken place as metasomatic replacement of the carbonates, thereby 
retaining the original granulose texture and is referred as ‘skarns’ 
[12]. 

Figure 5: Development of chondrodite and spinel along quartzo-felspathic veins in metacarbonate.

The meta-carbonate periphery, other than having calc-silicate 
skarns, also show presence of minerals like chondrodite (an hu-
mite, resembling garnet in hand specimen) and spinel in associa-
tion with forsterite, diopside and at places, wollastonite and scap-
olite, as disseminations, especially in vicinity of quartzo-felspathic 
intrusives (Figure 5). These minerals are known as products of con-
tact metamorphism of impure dolomitic limestone [13]. Thus, in 
sizeable metacarbonate bands, like the ones occurring near Hathi-
garh-Ambajhiri or Piparwani-Dhobitola and Paraspani-Pitesur area 
(Figure 4), the outer 250m is rich in higher temperature mineral 
assemblage represented by calcite-dolomite-forsterite (partly ser-
pentinized)-diopside-chondrodite-spinel-tremolite, constituting a 

greyish-white marble, and by diopside-augite-hornblende-epidote 
with quartz, calcic plagioclase, sphene and apatite constituting 
darker calc-silicate skarns. The higher temperature mineral rich 
zone is followed inward, for around 500m, with a zone rich in cal-
cite-dolomite-diopside-tremolite-biotite-white mica-spinel assem-
blage. This zone is devoid of any calc-silicate skarns. The medium 
grained, greyish-white marble of this zone has local development 
of gneissic structures formed by alignment of biotite flakes. The 
core parts of the meta-carbonate bands comprise low temperature 
assemblage of calcite-dolomite-tremolite-white mica and chlorite, 
constituting fine grained, greyish-white marble.
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In vicinity of the bigger meta-carbonate bands, several smaller 
metacarbonate and calc-silicate lenses are embedded within the 
surrounding biotite gneiss. One such metacarbonate band (0.75km 
x 0.5km) is exposed in a nala section, south of Kharparia (21° 41’: 
79° 42’), having concordant, thicker (5m), bands of pink feldspar 
bearing quartzo-felspathic material with innumerable thin quart-
zo-felspathic (pink feldspar) veins emplaced on laminar scale. Be-
cause of fine dissemination of pink feldspars (felspathization) all 
through the body, the meta-carbonate body acquires pink coloura-

tion. Also, presence of quartzo-felspathic veins on laminar scale im-
parts a banded nature to the rock. Stretching and boudinaging of 
the thicker veins indicate existence of a compressive regime, facili-
tating emplacement of quartzo-felspathic material and subsequent 
production of pinch and swell structures (Figure 6). It is necessary 
to mention the presence of another small metacarbonate lens, 250 
m west of the pink body, devoid of pink quartzo-felspathic emplace-
ments, has a gray colour like all other meta-carbonate bodies of the 
area.

Figure 6: Exposure of pink metacarbonate in Dhoriya Nala, near Kharparia.

It is also evident that the pink metacarbonate lenses exposed 
in other localities as well, like the one exposed at the northern ex-
tremity of Gomji-Somji Pahar (21° 52’ : 79° 15’) and the other at 
Gangulpara (21° 54’ : 79° 17’), located in the eastern part of the 
belt, are invaded by pink quartzo-felspathic material accompanied 
by shear deformation. Ductile shearing of the metacarbonates is 
well documented by preferred orientation of the constituent car-
bonate minerals (Figure 7). Local development of crush conglom-
erates, characterised by stretched and rotated autoclasts of vein 

quartz and quartzo-felspathic material with sericitic wrapping 
and a calcareous matrix (Figure 8) are common at both the places. 
Formation of autoclastic conglomerate exemplifies prolonged duc-
tile/brittle-ductile deformation. Incidentally, a small grey coloured 
meta-carbonate lense, devoid of pink feldspar bearing quartzo-fel-
spathic bands, is exposed in Wainganga Canal section, 500m NW 
of Gomji-Somji Pahar. At all these locations, meta-carbonate bodies 
are located within a surrounding of Mansar phyllite. The contact 
between the meta-crbonates and the phyllite is gradational.

Figure 7: Photomicrograph of metacarbonate from Gomji Somji Pahar showing alignment of carbonates. Crossed 
nicols, X32.
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Figure 8: Autoclastic conglomerate of Gangulpara. Note the differential weathering of the matrix.

Calc-silicates

Calc-silicates are the second most abundant rock type, occur-
ring as lenses of variable dimensions within the biotite gneiss. In 
addition, as discussed earlier, calc-silicates also constitute an inte-
gral part of the outer rim of the meta-carbonates. Lateral, as well 
as across the strike, grading of calc-silicates (belonging to Lohan-
gi and Bichua Formations) into biotite gneiss/biotite schist and to 
meta-carbonate has been discussed by all the previous workers. 
Nevertheless, the relationship between the calc-silicates associat-
ed with meta-carbonates and the ones present within Tirodi biotite 
gneiss has never been resolved, though doubts have been raised 
by some of the workers about their being different. The major hin-

drance in establishing inter-relationship is the considered opinion 
of Tirodi biotite gneiss as basement for the Calc-silicate bearing 
Formations.

The calc-silicates are light to dark green or greyish green in co-
lour, medium grained, and have a characteristic granulose texture. 
Banding, resulting from alternate bands of quartzose and mafic 
minerals, is common in the southern calc-silicates present near to 
the belt of Mansar phyllite (Figure 1), whereas, massive variety is 
dominant within the main gneissic body, present to the north. The 
banded variety is often associated with angular folding (Figure 9), 
indicating effects of shear-deformation.

Figure 9: Angular folding in banded calc silicate. Loc Bawantheri river, near Sitekasa.

Calc-silicates of meta-carbonate periphery, as well as those 
present within the biotite gneiss, show a gradational contact with 
the biotite gneiss, often having a hybrid zone of assimilation in-be-
tween. As discussed elsewhere, the contact with meta-carbonates, 
wherever present, is also gradational. With diminishing carbonate 
contents and increase in mafics (silicates), meta-carbonates grade 
into calc-silicates. Exposures of calc-silicate lenses with meta-car-
bonate core, as present at a few places within the biotite gneiss ter-

rain of Babai (21° 44’: 79° 32’), best exemplify gradational nature 
of the contacts.

The calc-silicate lenses/bands have a variable mineralogy from 
south to north (Figure 1), having best representation in the western 
part. Calc-silicate bands of the south are dominated by the assem-
blage hornblende-quartz-bytownite/andesine-chlorite and epidote 
with accessory amount of sphene, apatite and calcite. In the banded 
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variety, quartzose bands include quartz, microcline, perthite and 
oligoclase with minor amount of epidote and hornblende, where-
as the mafic bands comprise hornblende, epidote, diopside and 
bytownite with minor amount of oligoclase, microcline, chlorite, 
sphene, apatite and calcite. The contact between the two compo-
sitional bands is never sharp. Lateral as well as across the width 
grading of banded calc-silicate to the massive variety is also com-
mon amongst the calc-silicates of southern part.

From the arrangement of mineral assemblages in calc-silicates, 
it is obvious that the southern lenses, comprising hornblende-epi-
dote-chlorite-quartz-bytownite, represent low to medium grade 
of metamorphism with an increasing trend towards north. Thus, 
the Diopside-zoisite bearing assemblages dominate in the calc-sil-
icates of further north, and with the disappearance of Zoisite, to 
the extreme north, the calc-silicates are predominantly diopside 
and/or augite bearing. Though, hornblende is persistently pres-
ent throughout the area, they appear to be after pyroxenes in the 
northern lenses. Also, line of first appearance of diopside is not very 
sharp as some of the calc-silicate lenses of the southern part show 
presence of diopside along with hornblende and epidote, much be-
fore the first appearance of zoisite.

It is noteworthy to mention that these calc-silicates are also 

present south of the belt of Mansar phyllite, especially in Balaghat 
area, and has been variously termed as ‘granulites’ and ‘basic in-
trusives’. However, these granulites or the basic intrusives are com-
positionally (chemical and mineralogical) very much akin to the 
calc-granulites of north, and also include the banded variety, as ex-
posed south of Dongargaon (21° 43’: 79° 06’), south of Mendki (21° 
42’ : 79° 06’) and at Bagarmata (21° 38’: 79° 14’). Nevertheless, as 
the purpose of the paper is to highlight interrelationship between 
the different lithotypes of Sausar Group, correlation of the Sausars 
with the rocks present to the south of the metamorphic belt is ex-
cluded from its purview.

Banding in calc-silicates (Figure 10) are comparable with the 
quartzo-felspathic banding of the meta-carbonate of Kharparia. 
Quartzose bands, like in meta-carbonate of Kharparia, are the man-
ifestation of lit-par-lit injection of pink feldspar rich quartzo fels-
pathic material along the shear generated weak planes, within the 
calc-silicates. Stretching of quartz and feldspars is a common phe-
nomenon in such bands. Prolonged shearing along such zones of-
ten has resulted in production of angular folds, and also has caused 
incremental influx of quartzo-felspathic material. However, direct 
transformation from banded metacarbonate to banded calc-sili-
cate, in a regime of prolonged shearing, also can’t be ruled out.

Figure 10: Exposure of banded calc silicate in Bawantheri river, near Sitekasa.

In the gneissic terrain of far north, the calc-silicate lenses are 
smaller in dimension and often show assimilation within the bio-
tite gneiss, aided by dilation (Figure 11). Such dilated calc-silicate 
bodies are further assimilated by anastomosing quartzo felspathic 

material (Figure 12), rendering the rock into a migmatite. Feldspars 
associated with such zones are oligoclase and andesine, in contrast 
to the microcline and perthite of the banded calc-silicates of south-
ern part.

Figure 11: Dilation of calc silicate. Loc North of Babai.
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Figure 12: Dilation structures with ramifying quartzo felspathic intrusions.

Biotite granulite/schist

This unit, like the calc-silicates, has a wide distribution within 
biotite gneiss but very rarely reaching to a dimension of mapable 
unit. Mapable band of biotite schist/granulite occur at few locations 
like (a) in Bawantheri River, north of Sitekasa (21° 32’ : 79° 33’), 
(b) 1.5km north of Bawantheri village (21° 49’ : 79° 35’) and (c) 
north of Dhapewara (21° 54’ : 79° 11’). At all these locations the 
biotite schist has a gradational contact with biotite gneiss. Most of 
the workers have also recognised the biotite schists to have grada-
tional contact with the biotite gneiss. Shukla & Anandalwar [5] have 
recognised presence of a thin zone of felspathised biotite schist, oc-
cupying the transitional zone between the quartz-muscovite/seric-
ite schist/phyllite and grading into biotite gneiss, in Polwattur (21° 
60’: 79° 17’) area. Extension of this zone is also recognisable further 
SW, near Dhapewara, where sericite phyllite of Bharweli-Ukwa belt 
grades to biotite schists and with further increase in quartzo-fels-
pathic material, grades to biotite gneiss.

The biotite schist/granulite of Sitekasa area is NE-SW trending 
elongated body, sharing the southern contact with calc-silicate and 
the northern contact is shared with biotite gneiss. The rock also 
grades laterally to biotite gneiss. However, within the biotite schist, 
lateral grading to calc-silicate or vice-versa is also evident. In most 

part, the rock is highly crenulated and tightly folded in angular pat-
tern (having straight limbs and sharp hinges), indicating effects 
of compression. Often, small lenticles of calc-silicates occur in the 
closure part of these minor folds. Towards the contact with calc-sil-
icate, the rock is medium grained, harder owing to the presence of 
plenty of feldspar grains, saccharoidal, and grades to calc-silicate. 
In the central part, it is coarse grained and flaky, having profuse 
development of biotite flakes. Near the gneissic contact, the rock is 
felspathised, and with the increase in grey feldspar bearing quart-
zo-felspathic veins, biotite schist grades to biotite gneiss.

Streaks of biotite schist is also present within metacarbonates 
near Agri (210 38’: 790 33’) and near Bavli (210 39’ : 710 30’). In 
the marble quarry located near Agri, biotite schist patches within 
marble are less than a metre thick and extend laterally for few me-
tres. In Bawantheri River section, near Bavli, biotite streaks occur 
within metacarbonates (Figure 13) near the contact with biotite 
gneiss. Contact metamorphic minerals like chondrodite and spinel 
are also common within metacarbonate, a few metres from the bio-
tite streaks. Thickness of the biotite rich streaks increases locally to 
become calcareous biotite schist. With the direct invasion of quart-
zo-felspathic material, near the contact, the rock grades to felspath-
ic biotite schist, and finally to biotite gneiss. 

Figure 13: Development of biotite schist and gneissic structures within metacarbonate.

The biotite schist/granulites comprise quartz, biotite and oli-
goclase/andesine, with minor amount of apatite and opaques. In 
metacarbonate hosts, accessory amount of calcite, tremolite and 
sphene is also common. Two generations of biotite, the earlier be-

ing dark brown clots with faint pleochroism, are also common of 
these rocks. A granulose texture defined by equigranular quartz 
and feldspars, is common towards its contact with calc-silicates. 
Thus, the biotite granulites are the retrograded products of calc-sil-
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icates. However, the biotite schists of the transitional zone pres-
ent at phyllite/biotite gneiss contact or at metacarbonate/biotite 
gneiss contact are products of progressive metamorphism.

Pink granitoids/pegmatoids

Innumerable pink feldspar bearing pegmatoids of different 
dimensions, having both concordant and discordant relationship 
with widespread felspathisation of the country rock, characterise 
the area. At few places, however, these pegmatoids grade to small, 
linear, bodies of pink granite. Peripheral part of the granitic bod-
ies, as well as the pegmatoids, is markedly sheared, as evidenced by 
the stretching of quartz and feldspars and alignment of muscovite/ 
biotite. Widespread felspathisation of the country rock and devel-
opment of quartz-muscovite/sericite schist with ribbons of quartz 
and pink feldspar along the periphery is also characteristic of these 
bodies. Thickness of the schistose rock is directly proportional to 
the thickness of the granitoid/pegmatoid. Mapable bodies of the 
pink granite are exposed at places like a) 3 km south of Baputo-
la (21° 53’ : 79° 44’), b) 2km north of Sakata (21° 49’ : 79° 40’), 
c) near Dhobisarra (21° 56’ : 79° 37’), and d) in Wainganga river 
section NW of Dhapewara (21° 54’ : 79° 11’), 1km south of Wain-
ganga bridge located on Balaghat - Waraseoni road and 1km north 
of Pipariya (21° 48’ : 79° 15’). The quartz-mica schist is even devel-
oped within metacarbonate bands, when traversed by a pegmatoid, 

as exemplified at few places like west of Ambajhiri (21° 37’: 79° 
35’), in Job Nala [on Tirodi - Khawasa road, 2km east of Piparwani 
(21° 40’ : 79° 34’)], at the northern extremity of Gomji-Somji pahar 
(21° 52’ : 79° 15’), near Gangulpara (21° 54’ : 79° 17’) and south of 
Polwattur (21° 60’ : 79° 17’). The granitic bodies comprise quartz, 
orthoclase, microcline, perthite and biotite/muscovite with minor 
amount of epidote, hornblende and opaques. Increased amount of 
epidote and hornblende occurs when the granitic body is in contact 
with calc-silicate. The peripheral part of pink granite shows devel-
opment of mylonitic foliation (Sm) parallel to its margin.

A distinct layered arrangement of quartz and feldspars is char-
acteristic of the pink feldspar pegmatoids. The concordant bodies 
are markedly sheared and greisened and are represented by mus-
covite-sericite-altered feldspar and at places fibrolite rich periph-
ery and a well cleaved quartzose core. The strong, mylonitic foli-
ation present in the peripheral muscovite/sericite rich zone often 
renders the rock as felspathic schists. The well cleaved quartzose 
core, at many places, deceives for quartzite. However, presence of 
well-shaped and oriented crystals of tourmaline, as clusters, along 
fracture planes of quartz (Figure 14) represent more of boron 
metasometism, and alteration of feldspars to mica (Figure 15), in 
peripheral part, further represent phenomena of greisening. High 
values of niobium and tungsten in such rocks (Table 2) support for 
their epigenetic origin.

Table 2: XRFS analysis of samples of quartzose core/quartz-muscovite schists.

XRFS Analysis of Samples of Quartzose Core/Quartz-Muscovite Schists (Courtesy GSI)

Sample location
Sn

(ppm)

W

(ppm)

Ta

(ppm)

Ce

(ppm)

MnO

%

Fe2O3

%

Nb

(ppm)

Ba

(ppm)

Dulhapur -1 
21°42’ :79° 36’ <10 <10 <10 - - 9.38 <10 5.07%

Dulhapur - 2 
21°42’ :79° 36’ <10 <10 <10 - - 3.87 <10 1.18%

Dulhapur - 3 
21°42’ :79° 36’ <10 350 20 - 10ppm 1.43 70 90

Hathigarh - 1 
21°38’ :79° 31’ <10 180 <10 - 0.32 4 50 290

Hathigarh - 2 
21°38’ :79° 31’ <10 160 10 - 0.32 4.38 40 70

Koylari 
21°40’ :79° 36’ <10 290 20 - 20ppm 1.45 50 10

Paraspani 
21°41’ :79° 35’ 10 210 10 - 60ppm 3.82 50 470
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Figure 14: Clots of tourmaline within quartz grains. Plane polarised, X32.

Figure 15: Break down of feldspar (K) into muscovite (m) and quartz (Q). Crossed nicols, X32. Tirodi

In addition to large scale felspathisation of the country rocks, 
the pink pegmatoids are also responsible for breaking down of 
higher silicates into hydroxyl silicates, as is evidenced by enrich-
ment of asbestos in the affected calc-silicates, and by enrichment 
of muscovite and chlorite along the contact with biotite gneiss. Hy-
drothermal alteration of calc-silicate, producing asbestos, is best 
exemplified at 1.5km SW of Heti (21° 34’: 79° 35’) and 1.5km SE of 
Jamrapani (21° 47’: 79° 35’). 

Quartzose core of some of the pink pegmatoids have layers of 
opaques alternating with quartz. At places even tourmaline occurs 
as alternating layers with quartz. It is observed that the pegmatites 
occurring near metasedimentary belt contain layers of manganese 
minerals whereas the northern pegmatites, occurring away from 
metasedimentary belt, contain layers of iron oxides.

 Quartz-muscovite schist/gneiss

Quartz-muscovite schist/gneiss and quartzite, belonging to Si-
tasaongi Formation, is known to be present only in the south-west-
ern corner of the Figure 1, located 2km north of Bawantheri Dam. 
The rocks occupy a narrow N-S ridge near Nangdev (21° 34’:79° 
35’). Crest of the ridge is occupied by well cleaved opaque rich 
quartzose unit with thin layers of muscovite aligned along the fis-
sility planes. On either flank, the rock grades to quartz-muscovite 
gneiss with many patches of sericitised pink feldspars and accesso-
ry amount of tourmaline and opaques. With increasing amount of 
sericite/muscovite, it further grades to quartz-sericite schist with 

sericitised pink feldspars and biotite near the margins, before fi-
nally grading into biotite gneiss. Biotite gneiss, on either side of the 
ridge, is highly felspathised (pink feldspars), contains good amount 
of muscovite and shows stretched and boudinaged pink feldspar 
bearing quartzo- feldspathic veins intruded on laminar scale. Inter-
estingly, a calc-silicate body (30m x 30m), located near the north-
ern contact of the quartz-mica rich unit, is also highly felspathised 
and shows profuse development of asbestos fibres (3mm-5mm) all 
through its length and width.

Thin section studies reveal that the central quartz rich unit at 
the crest of the ridge is comprised of stretched quartz grains with 
accessory amount of muscovite, opaques and prismatic crystals of 
tourmaline. Muscovite appears to be after feldspars (microcline/
perthite) and the tourmaline needles appear to be introduced along 
the fracture planes of quartz. Chemical analysis of the rock shows 
higher values of MnO, Fe2O3, TiO2 and Ba (8.50%, 3.43%, 0.14% and 
230ppm respectively). 

Stretching of quartz in quartz-mica schist and stretching and 
boudinaging of quartzo-felspathic veins present within the biotite 
gneiss of the contact zone indicate presence of a compressional re-
gime in the area. Geological map of Banerji et al. [10] also shows 
presence of a mylonitic zone, passing through the area. Felspathi-
sation of the biotite gneiss present at the contact and hydrothermal 
alteration of the adjoining calc-silicate body, producing asbestos, 
and higher values of TiO2 and Ba in the quartz-muscovite schist 
raises doubt about its sedimentary parentage.
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Presence of similar rocks with ENE-WSW trend, can also be 
observed 2 km north and also 1km SW of Hathigarh (21° 38’: 79° 
31’), 3km south of Paraspani (21° 41’: 79° 35’), and north of Ram-
rama Mines. However, the quartz-muscovite schists/gneiss of these 
locations has been referred to as Chorbaoli Formation (Figure 1) 
in the existing literature. North of Hathigarh and at Paraspani, the 
quartz-muscovite schist/gneiss with a central well cleaved quartz-
ose unit shares a gradational contact with Bichua metacarbonates 
towards south, and the northern contact is shared with biotite 
gneiss. Near to the contact, Bichua metacarbonate is increasingly 
rich in serpentine, talc, muscovite and biotite, whereas the quart-
zose unit is richer in muscovite and biotite with pods of pink feld-
spar and fibrolite. Muscovite and fibrolite appear to be after micro-
cline/perthite. The biotite gneiss, present at the northern contact, 
is felspathised and richer in pink feldspar and secondary musco-
vite/sericite and epidote. In the third location, 1km SW of Hathi-
garh, northern contact of the quartz-muscovite rock is shared with 
Bichua metacarbonate and the biotite gneiss is present to its south. 
At this location, in addition to the observations already discussed, 
small pocket of crush conglomerate is developed at the metacar-
bonate contact, resulted from boudinaging and detachment of pink 
feldspar bearing quartzo-felspathic bands. Matrix for the crush 
conglomerates is calcareous with good amount of sericite wrapping 
the stretched pebbles of quartz and quartzo-felspathic material.

At Ramrama, similar quartz-mica schist, with the northern con-
tact shared with Lohangi Marble and in strike continuity, to ENE, 
grading to Junewani biotite schist/ gneiss Formation (Figure 1), 
has been classified as Chorbaoli Formation. Southern contact of this 
quartz-mica schist/gneiss is shared with biotite gneiss. These con-
tacts have been interpreted as thrusted in the existing literature. 
Thambi [14], who carried out regional exploration for manganese, 
considered the quartz-mica rocks as belonging to Sitasaongi For-
mation. He further opined that the contacts of the quartz-muscovite 
schists with the adjoining lithounits are gradational and expressed 
the possibility of their being metamorphic variants. He also ob-
served a conformable gradational contact of the Tirodi gneiss with 
the Mansar schists as well as with the calc-silicate rocks of Lohan-
gi Formation. The Lohangi marble, calc-silicates and amphibolites 
have also been observed by him as grading into one another.

The quartz-muscovite schists of Talabori-Kokma-Polwattur 
area, located NW of Ukwa, has also been classified as Chorbaoli For-
mation [5]. These schists are closely associated with well cleaved 
quartzose rock with muscovite/sericite partings. Local enrichment 
of tourmaline makes the rock quartz-tourmaline gneiss/schist and 
quartz-muscovite-tourmaline schist. Tourmaline is also introduced 
along the fractures of quartz grains and has been considered as 
pneumatolysed product [5]. Towards north, this quartz-muscovite 
schist is richer in sericitized pink feldspars and grades into bio-
tite gneiss having stretched and boudinaged pink feldspar bearing 
quartzo-felspathic bands/veins. The biotite gneiss acquires a pink-
ish colour because of overwhelming presence of pink feldspars. 
Nearer to gneissic contact, presence of impersistent bands of crush 
conglomerate with stretched pebbles of quatzo-felspathic and 
quartz-tourmaline rock, embedded in gritty and sericitic matrix, 

indicate existence of a compressional regime. Shukla and Anandal-
war (5) have also considered this horizon to be of cataclastic origin. 
Towards south, the quartz-muscovite rock of Chorbaoli Formation 
shares a gradational contact with Mansar phyllite, having plenty of 
quartzo-felspathic and quartzose veins near the contact, and the 
rock grades to pink feldspar bearing sericite phyllite and to phyl-
lite. In strike extension of the quartz-muscovite rock towards SW, 
near Dhapewara (21°54’: 79°11’), a small mylonitised body of pink 
granite replaces quartz-muscovite schist. Further SW, the quartz 
muscovite schist again appears near Bakoda where the well cleaved 
quartzose core is associated with pockets rich in manganese.

Reference can also be made of a nala section (Job nala), 2km east 
of Piparwani (21° 40’:79° 34’), where a 10m thick strike parallel 
pink feldspar pegmatite is exposed, traversing Bichua metacarbon-
ate, for a length of around 100m. Its pegmatitic nature is discern-
ible only at a few places, the rock is otherwise a quartz-muscovite 
schist/gneiss throughout its exposed length. The metacarbonate 
along the contact is rich in muscovite, serpentine, chondrodite and 
biotite. Presence of serpentine and chondrodite is indicative of 
thermal effect on the country rock.

The above narration of the quartz-muscovite rocks, spread over 
the entire area, makes it amply clear that these rocks are largely 
pneumatolysed product, and are always associated with wide-
spread felspathization (pink feldspar) of the adjoining rocks. It 
is also evident that at all the locations where quartz-mica schists 
with quartzose core exist, rocks are subjected to ductile / brittle 
ductile deformation, producing local pockets of crush conglomer-
ates. Stretching of quartz grains is a common phenomenon in these 
rocks. Association of tourmaline with sericitization/muscovitiza-
tion of the feldspars represent boron metasometism and greisen-
ing (pneumatolysis), as envisaged for the rocks of Talabori-kok-
ma-Polattur area by Shukla and Anandalwar (5). Analytical results 
(Table 2) of quartz-muscovite shists/gneises of Hathigarh south, 
Hathigarh north and Paraspani show anomalous values of tungsten 
(180, 160 and 210ppm respectively), niobium (50, 40 and 50ppm 
respectively) and barium (270, 370 and 470ppm respectively), un-
common amongst the rocks of sedimentary parentage. Rocks of 
these locations, like the Nangdev quartz-muscovite rock, also con-
tain higher values of MnO.

Phyllite

A belt of Grey to green phyllite, having a NE-SW trend, with an 
average width of 7km, extends all along the southern part of the 
metasedimentary belt (Figure 1). This belt of phyllite is disrupted 
by biotite gneiss, for a length of about 5km, west of Waraseoni (21° 
46’: 80° 02’). Sothern contact of the phyllite is shared with mus-
covite rich biotite gneiss enclosing many patches of phyllite. Along 
the contact, between Balaghat and Bharweli, phyllite and musco-
vite-biotite gneiss is highly crenulated and sheared and is closely 
traversed by pink feldspar bearing quartzo-felspathic veins. Width 
of the sheared and crenulated zone is around 0.8km and has been 
recognised as a mylonite zone [9]. Along with stretching of quartz 
and feldspars of the quartzo-felspathic veins, rotation of garnets 
(Figure 16) present within phyllite, with broken margin and ‘S’ trail 
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of inclusions, further support existence of a ductile regime. This 
mylonite zone continues to further NE, from Bharweli, through 
Gangulpara to Jagantola, Ukwa and beyond, traversing well within 

the phyllite and hosts manganese deposits of Bharweli and Ukwa.

Figure 16: ‘S’ trails within garnet having broken margins. Plane polarised, X32.

Towards north, with the onset of grey feldspar bearing quart-
zo-felspathic activity, phyllite grades to biotite schist, and soon 
grades to biotite gneiss. These biotite schists and gneisses are rec-
ognised as belonging to Junewani Formation. When traversed by 
pink feldspar bearing quartzo-felspathic veins, phyllite becomes 
richer in sericite and/or mica, pinkish in colour, and show occa-
sional enrichment of brown-red garnet. A hard variety, having 
enrichment of spindle shaped tiny crystals of ottrelite, occurring 
closely associated with phyllite as lensoidal bodies, can be identi-
fied at number of places, especially around Garra (21°48’: 79°08’) 
and near Bharweli. 

The phyllite comprises quartz, mica, chlorite, biotite and cal-
cite (ankerite?) with minor amout of plagioclase, garnet, sphene, 
ottrelite, apatite and tourmaline. Presence of ottrelite is more pro-
nounced within the lenses of harder mass. Occurrence of sphene, 
apatite and tourmaline, likewise, is more near hydrothermal em-
placements. Along the mylonite zones, preferred orientation of all 
the constituents along “S” and “C” surfaces and rotation of garnets 

with broken margins is reported by Banerji et al. [9].

Crush conglomerate 

The conglomerates associated with Sausar belt are subject of 
debate since inception. Workers have reconciled their opinion to-
wards the origin of these rocks repeatedly, not reaching to a con-
clusive mandate till date. Two major, impersistent, conglomeratic 
zones are present in the eastern part of the area. The southern im-
persistent bodies of conglomeratic rocks follows a mylonite zone 
well depicted in satelite imagery (Figure 17) as a curvilinear zone, 
extending from west of Balaghat through Bharweli, Gangulpara, and 
jagantola, to Ukwa and beyond. This belt is also well represented in 
the geological map (Figure 1) of Banerji et al. [9] as mylonite zone-I. 
Conglomeratic rocks are exposed at various places along this belt. 
Known locations for such rocks are south of Garra; in Wainganga 
River near the Balaghat bridge located on Balaghat - Waraseoni 
road; south of Bharweli Manganese Mines; in Gomji-Somji Pahar 
and near Gangulpara. 

Figure 17: Satellite image showing part of the curvilinear mylonite zone extending from west of Balaghat through 
Manegaon (Bharweli), Gangulpara and jagantola to Ukwa and beyond.
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The conglomeratic rock south of Garra, near railway track, 
has clasts of opaque bearing dark grey quartz, vein quartz and 
quartz-chlorite-biotite rock embedded in a quartz-chlorite-sericite 
matrix. This zone lies within phyllite and the quartzose pebbles are 
clearly developed from pinching, swelling, stretching, boudinaging 
and rotation of quartz veins. The second and third locations on this 
belt are on either side of Wainganga bridge near Balaghat and in the 
southern flank of Bharweli ridge (near Manegaon in Figure 17) re-
spectively, where phyllite is juxtraposed against biotite gneiss. The 
contact is strongly sheared, silicified and the rocks are invariably 
granitised. At these locations’ country rock is rich in emplacements 
of pink feldspar pegmatites and quartz veins along with pebbles of 
vein quartz, and pegmatoids occuring embedded in quartz-chlo-
rite-mica-feldspar rich schistose matrix. At places chlorite-sericite 
phyllite also occurs as clasts. Like in Garra, pebbles are resulted 
from prolonged ductile/brittle ductile shearing, causing pinching 
and swelling, stretching, boudinaging and rotation of earlier em-
placed quartz veins and pink feldspar bearing pegmatites along 
with recrystallization of layer lattice minerals. The pegmatites and 
the quartz veins also contain alignment of chlorite, muscovite and 
rarely biotite drawn from phyllite, as product of assimilation. These 
pebbles, thus, deceive for pebbles of muscovite/biotite gneiss.

The other locations of conglomeratic rock along this mylonitic 
zone is at the northern extremity of Gomji-Somji Pahar and near 
Gangulpara where country rock is metacarbonate and the similar 
pebbles occur embedded within quartz-dolomite-chlorite-sericite 
matrix. Some of the pebbles of these locations also contain align-
ment of epidote and amphiboles drawn from assimilation of car-
bonates. The northern impersistent conglomeratic band is exposed 
south of polwattur near Khara (21°58’: 79°16’) and near Kokma 
(21°59’: 79°16’) and known to continue to further east. The con-
glomeratic rocks are aligned along zone- IV mylonite of Banerji et al. 
[9]. The pebbles of vein quartz, quartz-mica schist, pegmatite and 
of quartz tourmaline rock occur embedded in quartz-muscovite-bi-
otite-sericite rich schistose matrix. Like the southern locations, 
pinching and swelling, boudinaging, stretching and rotation of the 
quartzose veins and pegmatoids are responsible for producing peb-
bles, making the rock autoclastic. Country rock south of Polwattur 
is a narrow zone of quartz-muscovite-sericite schist with numer-
ous quartzo-felspathic veins, occupying the contact zone between 
southern phyllite and biotite gneiss present to the north. Felspathi-
sation (pink) of rocks present on either side of the conglomeratic 
zone is also conspicuous.

Similar to the conglomeratic rocks of Gangulpara and Gom-
ji-Somji Pahar, conglomeratic horizons also occur in Ramrama (21° 
50’: 79° 55’) and in Hathigarh area, in the western part of the belt. 
The Lohangi marble of Ramrama area has localised bands of crush 
conglomerate near its contact with biotite gneiss. Stretched, bou-
dinaged and rotated pebbles of pink feldspar bearing quatzo-fels-
pathic material and of vein quartz occur embedded in a calcareous 
matrix rich in dolomite/calcite, quartz, muscovite and sericite. On 
either side of the conglomeratic horizon, the adjoining lithounits 

are highly felspathised and traversed by quartzose and quartzo-fel-
spathic veins, showing development of serpentine, muscovite and 
biotite in Lohangi marble, and pink feldspar and muscovite in Tiro-
di biotite gneiss. 

Small conglomeratic band of Hathigarh is present within Bich-
ua metacarbonate near its southern contact with the biotite gneiss. 
The pebbles of vein quartz and quartzo-felspathic material are re-
sulted from boudinaging, rotation and detachment of pink feldspar 
bearing quartzo-felspathic veins traversing the rock at this loca-
tion. Matrix for this crush conglomerates is calcareous with good 
amount of sericite wrapping the stretched pebbles of quartz and 
quartzo-felspathic material.

Manganese mineralisation

Manganese mineralization associated with the Sausar Group is 
known to occur at three horizons, bottom middle and top of the 
Mansar Formation, and form major deposits like Ukwa, Bharweli, 
Ramrama, Tirodi and Sukli-Sitapathore, within the state of Madhya 
Pradesh. These deposits are considered as metamorphosed synge-
netic type based on their association and co-folding with the quartz 
muscovite schists of Mansar Formation. High temperature manga-
nese oxides like hausmanite, vredenburgite, jacobsite and braunite 
constitute the major part of these deposits.

Banerji et al. [9], however, proposed for a structurally controlled 
epigenetic type of origin for these deposits. Their proposal is based 
on the selective occurrence of these deposits along major mylon-
ite zones identified by them, and also based on the occurrence of 
high temperature oxide ores with intergrowth texture even in the 
low grade terrain of Bharweli-Ukwa, and maintaining an angular 
relationship with the S1 surfaces of the host ‘Mansar phyllite’, and 
also based on the occurrence of widespread greisening and boron 
metasometism associated with these manganese ore bodies.

As discussed elsewhere in this paper, quartz-muscovite/seric-
ite schists, with or without manganese mineralization, occurs at 
many places associated with well cleaved quartzose core. All such 
occurrences are invariably aligned along one or the other high 
strain zones, characteristically having a layered arrangement of 
minerals. The manganese deposits, likewise, also have a quartzose 
core alternating with layers of manganese ores. Peripheral zones of 
such quartz-manganese core are occupied by felspathic muscovite/
sericite schists in biotite gneiss/metacarbonate host, and by fels-
pathic sericite-phyllite in phyllite hosts, respectively. Occurrence 
of the ore bodies in high strain zones is evidenced by stretching 
and preferred orientation of quartz and opaques along ‘S’ and ‘C’ 
planes of mylonites and has been dealt with adequately by Baner-
ji et al. [9]. Occurrence of well-developed and oriented crystals of 
tourmaline, apatite and fibrolite in the ore zones, is also indicative 
of existence of a stress field. Additionally, occurrence of clusters of 
tourmalines (Figure 18) along fractures of quartz grains, in all the 
manganese deposits, is indicative of boron metasometism in these 
high strain zones.
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Figure 18: Clustering of tourmaline needles along fractures of quartz grains. Plane polarised, X32.

Though the ore bodies are aligned parallel to the regional S1 fo-
liation, they dip steeper compared to the S1 foliation and therefore 
maintain a cross cutting (non-co-planner) relationship on the dip 
surfaces, as witnessed in phyllitic host rock of Bharweli (Figure 19) 
and Ukwa mines. Also, ore lenses have cross cutting relationship 
with the felspathised biotite gneiss, in Tirodi (Figure 20) and Suk-
li-Sitapthore mines. Bulging of ore lenses with swerving around of 
foliation of biotite gneiss along with boudinaging of the lenses (Fig-
ure 21) strongly indicate emplacement of tongues of ore bodies in 
the wall rock, in a high strain regime. Splitting of the main ore body 
of Tirodi and Sukli-Sitapathore can be observed in strike continuity 

towards north, where the ore body gets reduced to thinner bands 
and lenses within felspathised biotite gneiss (Figure 22). Continu-
ity of the Tirodi ore body as smaller lenses is traceable till south 
of Katangi through Pauniya, Chaukhandi and Chikmara, following 
the weak zone clearly identifiable in satellite imagery (Figure 23). 
Likewise, the Sukli-Sitapathore ore body also follows the weak zone 
(Figure 24) towards north, gets thinned and digitated and disap-
pears after crossing Dhoriya Nala (21° 41’ : 79° 41’) where sheared 
and felspathised biotite gneiss contain several manganese ore lens-
es and pods (1m-2m) spread over a width of more than 30m. 

Figure 19: Traces of shear planes (SH) within phyllite, hosting shear parallel manganese ore bands. Please note 
the superimposition of SH over S1, and of S2 cleavages over all the earlier planes. Loc. Bharweli Mines.

Quartz-muscovite/sericite schists of the peripheral part of the 
ore bodies at Ramrama, Tirodi, Sukli-Sitapathore and at other oc-
currences comprise quartz, muscovite, microcline and biotite with 
minor amount of apatite, fibrolite, tourmaline and chlorite. Stretch-
ing and recrystallization of quartz and presence of mica fishes are 
common. Mica appears to be secondary after feldspars. Tourmaline 
and apatite occur as perfect prismatic crystals, oriented along the 
pervasive foliation having developed during progressive, ductile to 
brittle-ductile deformation. Alteration of feldspars to muscovite/
sericite, presence of tourmaline and apatite, and the association of 
fibrolite and chlorite possibly indicate greisening [15].

The features described above do not support for a sedimentary 

origin of the manganese ore bodies of this area. The ore bodies are 
more akin to the hydrothermal bodies emplaced along curvilinear 
weak zones and stretched and boudinaged where the progressive 
movement was stronger. At Ramrama, Tirodi and Sukli-Sitapathore 
occurrences, where country rock is gneissic, progressive shear 
movement was strong enough to cause such features in the ore 
zones, rendering the ore bodies into discontinuous lenses. Occur-
rence of high temperature manganese oxides like hausmanite, vre-
denburgite, jacobsite and braunite within the low temperature host 
rock of phyllite and the presence of intergrowth texture can easily 
be explained once the epigenetic emplacement of the ore bodies is 
conceived.
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Figure 20: Cross cutting relationship of the Mn ore lenses with the host biotite gneiss. Loc. Tirodi Mines.

Figure 21: Bulging of Mn ore bands within wall rock of felspathised biotite gneiss. Please also note the swerving 
around of the foliation at the periphery of ore lenses. Loc. Tirodi Mines.

Figure 22: Pinching and swelling of Mn ore band within biotite gneiss. Loc. North of Tirodi Mines.
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Figure 23: Satellite image showing curvilinear extension of Mn ore bodies from Tirodi to Katangi through Pauniya, 
Chaukhandi & Chikmara.

Figure 24: Satellite image showing curvilinear extension of Sukli-Stapathore Mn ore body.

Structural Features 

The Sausar rocks are known to have undergone three phases of 
deformation. Tight, isoclinal to recumbent folding along NE-SW to 
ENE-WSW axial trend marks the first phase of folding and produces 
S1 schistosity. The second phase of isoclinal folding is essentially 
co-axial but non co-planner to F1 folds and produced shallow dip-
ping (300) S2 axial plane cleavages [9]. NW-SE to WNW-ESE trend-
ing open warps with steep plunges (700) represent last phase of 
folding. 

Banerji et al. [9], also reported the presence of a series of sinu-
ous mylonite zones in this part of the Sausars (Figure 1). These high 
strain zones trend parallel to S1 schistosity and have a well-devel-
oped mylonitic foliation, parallel to the shear zone boundary. These 

weak zones represent ductile to semi brittle deformation, evidenced 
by the alignment of ore/non ore minerals along “S” and “C” surfac-
es, well within the ore zones (Figure 25), and also by deformation 
of feldspars by microfracturing (Figure 26). All the major manga-
nese deposits of the area are reported [9,16] to have epigenetically 
emplaced within these mylonite zones. Development of these weak 
zones and the associated emplacement of manganese bearing hy-
drothermal bodies are envisaged to have taken place during late 
F1 period as the ore bodies and the shear planes exhibit cross cut-
ting (non-co-planner) relationship with the S1 foliation and are de-
formed along S2 axial traces (Figure 27). This phenomenon is well 
exemplified in the Bharweli manganese mines. Interference of F2 
and F3 folds produce culmination and depression on megascopic 
scale and deceive for ripple marks on mesoscopic scale (Figure 28).
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Figure 25: Alignment of Manganese opaques along ‘S’ and ‘C’ surfaces. Crossed nicols, X32. Loc. Ukwa.

Figure 26: Deformation of feldspar by microfracturing. Crossed nicols, X32. Loc Tirodi.

Figure 27: F2 folding of the phyllite/Mn ore intercalations. Loc Bharweli.
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Figure 28: Pseudo ripples produced by interference of F2 and F3 folds on intercalated Mn ore body. Loc Bharweli.

Discussion and Conclusion 

The rocks of the area represent a metamorphic terrain having 
synkinematic emplacements of biotite gneiss. The biotite gneisses 
of the area were earlier classified as Tirodi biotite gneiss forming 
basement for the metasediments, and the Junewani gneiss repre-
senting a metamorphic product of the metasediments. It appears 
that wherever a gradational contact between the biotite gneiss 
and the metamorphites were observed, especially adjoining the 
metasedimentary belt, the surrounding biotite gneiss was consid-
ered as Junewani gneiss. The monotonous gneissic body, away from 
the metamorphic belt contains isolated rafts/lenses of calc-sili-
cates/granulites and amphibolites. In absence of a correlation be-
tween these rafts and the similar rocks present within the cover 
sediments, the workers probably developed a regional bias to call 
these far off gneisses as basement gneiss/Tirodi gneiss. 

The autoclastic rocks formed within the mylonites passing 
through the contact between biotite gneiss and metasedimentaries, 
plays further havoc in considering them as unconformity. Forma-
tion of autoclasts is strictly associated with the ductile deformation 
within these mylonites. The Balaghat-Bharweli-Gangulpara-Jagan-
tola-Ukwa mylonite belt presents development of autoclasts at the 
phyllite-biotite gneiss contact near Balaghat and Bharweli. How-
ever, presence of autoclasts within metacarbonate at Gomji Somji 
Pahar and at Gangulpara, restricted within the same mylonite, elim-
inate doubts about their being depositional breaks.

There appears to be a trend of increase in grade of metamor-
phism away from the central metasedimentary belt. Rate of in-
crease in grade is gradual, especially in the northern part, till com-
plete disappearance of mapable metasediments. This is further low 
where gneissic body is absent within the metasediments. This has 
given way to the formation of wide low temperature belt of Mansar 
phyllite in the eastern part where mapable bands of biotite gneiss 
are absent. Increase in metamorphic grade is well documented in 
the associated calc-silicates. Near to the Phyllitic belt, the calc-sil-
icates are hornblende-biotite bearing (lower amphibolite facies), 
followed by hornblende-zoisite and diopside-hornblende bearing, 
towards further north. Near the northern end of the metasedi-

mentary belt and to its further north in the main gneissic terrain, 
the calc silicates are diopside augite bearing, representing high-
est degree of metamorphism. It is noteworthy to mention that the 
above narration holds good for the numerously occurring calc-sil-
icate bodies present within Junewani gneiss of the east (Figure 1), 
where Mansar phyllite grades to biotite schists and with increase in 
white feldspar bearing quartzo-felspathic bands, grades into biotite 
gneiss.

Notwithstanding with the above, the major metacarbonate 
bands present in the western part, though, are located in the me-
dium to high grade zone of metamorphism, as indicated by the 
floating calc-silicate bodies present in the nearby biotite gneiss, 
show presence of contact metamorphic assemblages (calcite-dolo-
mite-diopside-forsterite-chondrodite-spinel) along the contact and 
low temperature assemblages (calcite-dolomite-tremolite-mica/
chlorite) in the core part. Absence of imprints of medium to high 
temperature regional metamorphism, especially in the core part of 
metacarbonates is mind boggling. It possibly suggests, that these 
calc-silicates with variable mineral assemblages are ‘skarns’, devel-
oped metasomatically from the carbonates, in accordance with the 
temperature of the enclosing gneiss. The possibility exists that the 
regional metamorphism is caused by the synkinematic emplace-
ment of huge mass of biotite gneiss. Development of calc-silicate 
barriers along the margins of metacarbonates also helped in least 
penetration of heat to the core part. 

The fact that the carbonates dominated over the other sedi-
ments of the Sausar Group of the area can be inferred from the omni 
presence of the carbonates, either as calc-silicates or as metacar-
bonates. The Mansar phyllite, as such, contains calcite and meta-
morphic apatite in accessory amount and is associated with several 
patches of metacarbonates all along its southern margin.

Association of the manganese deposits selectively with the 
mylonites, their being parallel to the mylonitic foliation and to-
gether cutting the S1 plane of the country rock with a steeper dip, 
and co-folding with S2 and S3 axial traces, points to the fact that 
the Sausar rocks were affected by co-axial (S1) but non co-plan-
ner shearing during the late D1 deformation. These weak planes, 
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during progressive shear movement, were occupied by manga-
nese bearing hydrothermal emplacements, related to late D1 pink 
feldspar magmatism. Unlike all other sedimentary deposits, the 
manganese ore bands also penetrate the wall rocks as tongues and 
apophyses, characteristic of hydrothermal deposits. During pro-
gressive ductile movement along these mylonites, the ore minerals 
got aligned along ‘S’ and ‘C’ planes [9] and even got folded and bou-
dinaged, as in Tirodi and Sukli-Stapthore. This was accompanied by 
boron metasometism and greisening, producing muscovite-sericite 
schists in the peripheral part, having enrichment of altered pink 
feldspars, chlorite, tourmaline, apatite and fibrolite. The mylonites, 
along with the hydrothermal emplacements/ore bodies, later got 
affected by D2 and D3 deformations, producing a sinuous map pat-
tern of the mylonites and dome and basin structures respectively.

In conclusion, it is stated that the Sausar rocks of the area do 
not preserve any sedimentary structure that can ascertain top and 
bottom of the rocks. The conglomeratic rocks are selectively asso-
ciated with mylonite zones and are products of autoclastic/ductile 
deformation. Biotite gneisses are products of synkinematic em-
placement of huge mass of white feldspar bearing granitic material 
within pre-existing, carbonate dominated sediments. The floating 
masses of older metamorphites/granulites present within the bio-
tite gneiss are ‘skarns’ derived metasomatically from the carbonate 
rich sediments, and are further granitised to produce the lenses of 
‘biotite granulites’, ‘hornblende gneiss’, ‘calc-silicate gneiss’ etc. The 
variable mineralogy amongst the ‘skarns’ is dependent upon the 
temperature of the surrounding mass of biotite gneiss. It is obvious 
that such emplacements will have lesser temperature away from 
the main mass i.e. well within the metasedimentary terrain, com-
pared to the temperature of the main mass. Thus the diopside-au-
gite bearing ‘skarns’, indicative of a temperature of around 6000 C, 
approximately equal to that of a granite pluton, predominate at the 
northern end of the metasedimentary belt, and the zoisite bearing 
‘skarns’ indicating a temperature of around 4000 C, predominate 
in the southern part, well within the metasedimentary terrain. It 
is further concluded that all the biotite gneisses of the area have 
a common intrusive origin. The pink metacarbonates occur invari-
ably associated with pink feldspar pegmatites, and in all probability 
acquire a pink colouration from pink feldspar felspathization, relat-
ed to pink feldspar magmatism during late D1 period.

The Sausar rocks of the area, therefore, are the metamorphic 
products, lacking evidences towards direction of younging, and 
occurring intricately associated with the synkinematic emplace-
ments, warrant rethinking towards their amenability to strati-
graphic hierarchy.
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