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The mineralogy and genesis of gondite, the metamorphosed manganiferous
rock associated with the metamorphic manganese ore bodies of Madhya
Pradesh and Maharashtra, India, have been dealt with in detail in this paper.
These gondites are made up essentially of garnet (rich in spessartite or
almandito molecule) and quartz with variable proportions of rhodonite,
blanfordite, brown manganiferous pyroxene, tirodite, winchite, juddite,
manganophyllite, alurgite and piedmontite. Among the non-manganiferous
accessories, apatite is constantly present together with microcline, sericite,
calcite, ete. Detailed mineralogical study has shown that blanfordite is
related to acmite-aegirite group and the brown manganiferous pyroxene to
the aegirine-augite group. Tirodite is predominantly made up of cumming-
tonite molecule with considerable amount of soda tremolite and mangan-
tremolite molecules. In winchite soda tremolite molecule predominates,
followed by tremolite and mangantremolite. Juddite is made up of glauco-
phane and magnesio-riebeckite molecules in the proportion of 2-1:1,
Some of the opaque manganese oxide minerals have been considered as
essential constituents-of the gondites in view of their universal presence,
Among them, braunite is present in all metamorphic grades while jacobsite,
hausmannite and vredenburgite are characteristic of higher metamorphic
zones only. The mineral assemblages in gondites of different metamorphic
zones have boen discussed and the origin of these rocks has been attributed to
regional metamorphism of mixed manganiferous sediments that were origin-
ally laid down in oxidizing condition, The authors do not agree with the
views of the earlier workers that the gondites, at any stage, acted as parent
rock for any sizeable ore deposit, excepting, of course, the surficial oxidation
products in pockets of very negligible dimensions. On the basis of theirinves-
tigations, the authors have put forward the nomenclature of the type Indian
gondites and have shown, from a comprehensive review of available literature,
that only a few manganese protores of the world, such as those at Otjosondu,
8.W. Africa, and Mount Brandnuten, S. Norway, are similar to the gondites
in all respects, The Brazilian silicate-carbonate protore has been shown to
be another major type of metamorphosed manganese protore which cannot
be related to the gondites. The Russian deposits of metamorphosed
manganese ores and silicates (S, Khingan, Central Kazakhstan and S, Ural)
have been shown to be of a type intermediate between the Indian and the
Brazilian protores.

* Present address ; Geological Survey of India, 5 Middleton Street, Calcutta 16.
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INTRODUCTION

The name gondite was first introduced by Fermor (1909} to denote
metamorphosed manganese bearing argillaceous and aranaceous sediments
of Sausar Series of Madhya Pradesh and Maharashtra, India, that are charac-
terized by the presence of essential spessartite and quartz with or without
other manganese silicates. Fermor initially proposed this name ‘for the
use of Indian geologists > and did not recommend its use outside India ¢ without
very strong evidence indeed of the strict equivalence of the rocks of the two
areas’. He also restricted the term °gondite’ to denote metamorphosed
manganiferous sediments of strictly non-calcareous character. Fermor sug-
gested a deep-seated oxidation of the manganese silicates in gondites to give
rise to at least a part of the associated manganese ore deposits.

Straczek et al. (1956) denoted by the term gondite a manganiferous rock,
which cannot be called ore, consisting of quartz and spessartite as essential’
minerals, though rhodonite and other manganese silicates are very commonly
present., They included braunite in the mineral assemblage of the gondite
and pointed out that Fermor’s typical gondite (spessartite-quartz rock) is rather
rare compared to those other varieties rich in other manganese silicates as
well. Straczek ef al. (1956) concluded from field evidences that ‘ the gondite
developed at the expense of the primary braunite deposits’ and °that the
process is one of replacement with short range transfer of components neces-
sary to form spessartite and rhodonite’. They also envisaged that in low-
grade regional metamorphism, braunite and fine-grained quartzites were
formed and with increase in the intensity of metamorphism to middle-grade
condition, metasomatic reactions involving manganese, silica, alumina and
iron took place and spessartite, rhodonite and minor manganiferous micas
were formed. '

Mookherjee (1958) studied the paragenesis of the manganese minerals
associated with gonditic rocks near Khapa, Nagpur District, and concluded
that the gondites are metamorphosed equivalents of partly pure and partly
contaminated manganese sediments. He also confirmed that the process of
‘ oxyalteration ’ suggested by Fermor (1909) was the chief mode of conversion
of the roeck into the ore. In a later communication, Mookherjee (1961) dealt
with the distribution of minor elements in the °gonditic’ manganese ores
and explained its geochemical significance. By the term °gonditic ore’,
.Mookherjee apparently meant the ores formed as alteration products of the
gondites and has stated that such ores ‘gave rise to rich manganese ore
deposits in Nagpur, Chhindwara, Bhandara, Jhabua, Narukot and other
areas’. He also added that ‘ some of these are among the largest in the world’
(Mookherjee 1961). Though Mookherjee never categorically stated anywhere
in his paper that all the manganese ore bodies have been derived by alteration

from the gondites, his observations suggested that at least a major part of
8B i
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the ores are secondary derivations from the gondites by colloidal processes.
In fact, in the areas mentioned above by Mookherjee, no substantial secondary
(derived from the gondites) ore deposits are present, though large syngenetic
ore deposits are abundant. In any case, Mookherjee’s contribution evokes
considerable interest since he dealt with the theoretical considerations govern-
ing the distribution of minor elements in the secondary ores.

Basu (1958) investigated into the mineralogy, paragenesis and genesis
of the gonditic rocks and associated ore deposits around Ramtek, Nagpur
District, and confirmed that the gondites are products of metamorphism of
‘impure’ manganiferous sediments, while the bulk of the manganese ore
deposits containing braunite are metamorphosed products of ‘ purer’ mangani-
ferous sediments.

In addition to the work on the type gondite occurrence of India, several
manganiferous formations of the world have also been studied in detail and
in many cases the rock types have been correlated to the gondites. The
data accumulated so far by these investigations and the conclugions drawn
therefrom are sometimes conflicting and, in many cases, incomplete. Under
the circumstances, the authors considered it pertinent to study in detail the
gondites distributed in different metamorphic zones of the Sausar Series in
the type area of Madhya Pradesh and Maharashtra, India, in order to establish
their mineralogy, texture and petrogenesis thoroughly. The unusual minerals
like blanfordite, brown manganiferous pyroxene, tirodite, winchite, juddite,
etc., all described for the first time from Indian metamorphic manganese
protore, have been studied in all details and their nomenclature standardized.
A thorough study of the gondites would help to suggest a comprehensive
nomenclature and it can then be shown how far the type gondites agree with
the other metamorphic manganese protores of the world.

DI1STRIBUTION AND MoDE OF OCCURRENCE OF THE GGONDITES

Before entering into the discussion on the distribution and mode of
occurrence of the gondites, the stratigraphic succession of the Sausar Series,
to which the gondites are confined, should be mentioned in outline as below:

Sausar Series
Bichua formation
Junewani formation
Chorbaoli formation
Mansar formation
Lohangi formation
Kadbikhera formation
Sitasaongi formation
Tirodi biotite gneiss
(After Straczek ef al. 1956)
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According to Straczek ef al. (1956), gondites and primary manganese
ore bodies are confined to three stratigraphic zones of the Sausar Series as
follows: .

(i) the Lohangi zone at the contact of Lohangi and Mansar formations,
(il) the Mansar zone confined within the Mansar formation, and
(iii) the Chorbaoli zone at the contact of Mangsar and Chorbaoli for-
mations.

The gondites are also widely distributed in the rocks of different meta-
morphic grades varying from almandine to sillimanite zone, and have also
been reported from chlorite zone at Kajlidongri, Jhabua District, Madhya
Pradesh (Nayak 1961). The authors, in their attempt to study systematically
the petrography and petrogenesis of the gondites, selected three type areas,
mentioned below, which give a representative picture of the gondite series as
a whole. The areas selected for study are as follows:

Area Stratigraphic positions Metamorphic grade
Chikla-Sitasaongi-Dongri Gondites and  primary Almandine-, Staurolite- and
Buzurg area, Bhandara manganese ores of Mansar Kyanite zone as indicated by
Dist., Maharashtra. and Lohangi zone. pelitic schists interbanded with

the gondites,

Tirodi-Sitapatore area, Gondites and manganese Sillimanite zone indicated by
Balaghat Dist. ores of Lohangi zone. pelitic schist,
Gowari Wadhona area, Gondites and manganese Sillimanite zone indicated by
Chhindwara Dist, ores of Chorbaoli zone. pelitic schist,

CHIKLA-SITASAONGI-DONGRI BUzZURG AREA, BAANDARA DistrIcT,
MAHARASHTRA

The gonditic rocks of Chikla-Sitasaongi-Dongri Buzurg area occur inter-
banded with pelitic and psammopelitic schists of Mansar formation and are
also present as small lenses in the above rocks. The gondites are either present
at the contact of the Sitasaongi and Mansar formations, or less frequently,
are confined within the Mansar formation itself. The gondites are typically
exposed at Chikla, Chikla extension, part of Sitasaongi, east of Dongri Buzurg
Railway Station and Karli (Fig. 1). Occasional exposures of gondite are
also found at Kurmura, eastern and western flank of Dongri Buzurg mine
and the 65 £t level of the Dongri Buzurg mine itself. All the above occurrences
are stratigraphically confined to the contact of Sitasaongi and Mansar for-
mations (the Lohangi formation being missing), while those restricted within
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the Mansar formation are exposed at Chikla area, south-east of Sitasaongi
village and south-east of Karli mine. The gondites usually crop out at hill-
tops and are very rarely found in flat country.

For the major part, the gondites occur within staurolite-kyanite zone
(at Chikla, Chikla extension, Sitasaongi and east of Dongri Buzurg Railway
Station) and the occurrences in garnet zone are detected at Dongri Buzurg,
Kurmura and Karli. The metamorphic zones were delineated on the basis
of the metamorphic grade of the pelitic schists of Mansar formation with
which the gondites are conformably interbanded and co-folded.

The gondites broadly have an east-west extension with steep dip towards
south to south-east. Their structural attitudes are in agreement with those
retained in associated country rock. The relict bedding in gondite, schistosity
in Mansar and Sitasaongi schists and gneissosity in granite gneiss, all have
parallel trend.

Gondites usually show well-developed bedding or relict stratification.
Bedding in this rock is characterized by colour banding due to pronounced
compositional variation. The thickness of the beds are variable from a
fraction of a millimetre to a few centimetres. The bedding foliations or S,
planes have a general east-west strike and steep southerly dip. The amount
of dip is usually of the order of 70°. The trace of intersection of relict bedding
and axial plane cleavage on the latter surface forms the most important linear
structure which is always parallel to the bearing of the regional fold axis.
The area being isoclinally folded, such intersection could be seen near the
hinges. Plunge of such lineation is moderately low (between 20° and 35°)
with persistent trend towards east.

The gondite, interbanded with manganese ore at Chikla, exhibits a
spectacular plunging isoclinal syncline (Fig. 2) with tightly folded limbs.
This fold plunges 23° towards 97°. The Chikla syncline to the east of the
mine is faulted. There are two parallel faults in this area. The faults trend
NE.-SW. and have successive downthrow on the eastern side. The horizontal
displacement is about 175 ft. The gondite takes a southerly turn and finally
ends at the Sitasaongi mine,

In Sitasaongi mine the gondite, manganese ore and black quartzite take
part in a number of folds (Fig. 3), the axes of which are more or less parallel
and run towards east. The amount of plunge varies from 22° to 33° towards
east.

Small-scale folds on bedding are conspicuous in gondite. These are mainly
flexure folds and drag folds. In most cases the axes of such folds run east-
west which is the direction of the regional fold axis.

From all the above ohservations, it can be concluded that the gondites
were originally syngenetic sediments deposited together with the argillaceous
and aranaceous sediments in the Sausar Series and their structural attitudes
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always conform to the imprint of deformation left in other rocks of undoubted
sedimentary origin in the area.

TIRODI-SITAPATORE AREA, BALAGHAT DisTRicT, MADAEYA PRADESH

In Tirodi-Sitapatore area the gondites and the associated bedded man-
ganese ores are confined to the Lohangi zone. At Tirodi they are intimately
interbedded with sillimanite gneiss of Mansar formation at the contact of the
Mansar formation and Tirodi gneiss. The gondites occur here as linear bands
striking NE.-SW. to NW.—-SW. and the dip generally varies between 30° and 70°
towards north-west and south-east. The general trend of the gondites seems
to be NW.—SW. which coincides with the regional strike of the gondites and
the interbedded primary ore bodies. At Sitapatore the gondites occur between
Tirodi gneiss (foot wall) and Mansar sillimanite gneiss (hanging wall), as well
as between epidote granulite (Lohangi formation, foot wall) and Mansar
sillimanite gneiss (hanging wall). The strike of the gondites varies widely
because of the complicated structure, though a dominant trend is NE.-SW.
with very steep south-easterly dip. In all these areas the gondites are conform-
ably interbanded with the sillimanite- gneiss and primary manganese ore
bodies, though they are often cut across by pegmatite veins of variable width:

Gowarl WADHONA AREA, CHHINDWARA DISTRICT,
MapHYA PRADESH

At Gowari Wadhona, the gondite is interbanded with sillimanite gneiss
and primary manganese ore bodies and is found at the contact of Mansar
and Bichua formations (Chorbaoli zone). In this particular area the Chorbaoli
and Junewani formations are missing and the gondites, occurring at the top
of the Mansar formation, abut against the white dolomitic marble of Bichua
formation. The gondites have a general trend of more or less east-west.
The dip is steep varying between 50° and 60° towards south. The gondites are
co-folded with the sillimanite gneiss and syngenetic ore bodies of this area.
The presence of gondites in juxtaposition with Bichua dolomitic marble has
given rise to the formation of interesting mineral assemblages as, for example,
the spessartite-thodonite-calcite-piedmontite-diopside assemblage near the
contact of the gondite and the dolomitic marble.

The gondites have been described by other workers from different areas
of the metamorphic manganese ore belt as well. Nayak (1961) noted the
interbanded relationship of the gondites, quartzites and manganese ores at
Kajlidongri, Jhabua District; Madhya Pradesh. According to Nayak, the
gondites, which are co-folded with the country rock, belong to the chlorite
zone of regional metamorphism and are composed of spessartite, piedmontite,
apatite and quartz with other minor accessories. Nayak concluded that the
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Kajlidongri gondites were formed by the metamorphism of impure mangani-
ferous sediment to a low grade. Ghosh Dastidar (1961) showed that gondites
occurring in the Gumgaon-Ramdongri mine area, Nagpur District, Madhya
Pradesh, occur as lenticular bands within sillimanite bearing mica schists
and strictly conform to the dip and strike of the schist. The gondites are
often co-folded with the schists. The gondites of this area, according to
Ghosh Dastidar, were formed originally as syngenetic manganiferous sediments
which were later regionally metamorphosed. Sen (1961) described gonditic
rocks interbanded with calc-silicates at Goldongri near Jothvad village,
Panch Mahal District, Gujarat, and concluded that they are metasedimentary
in origin. Thus most of the workers are convinced about the metasedimentary
origin of the gondites occurring in different parts of India.

PETROGRAPHY OF THE GIONDITES
Mineralogy of the Silicates

The following minerals have been detected in the gondites as essential
constituents:
Garnet—Spessartite and almandine (rare).
Pyroxenes and pyroxenoids—Rhodonite, blanfordite, brown man-
ganiferous pyroxene.
Amphibole—Tirodite, winchite, juddite.
‘Mica—Manganophyllite, alurgite, biotite.
Epidote—Piedmontite,
and quartz, apatite and plagioclase felspars.
In addition to the above, sporadic presence of the following minerals
as accessories has been noted:
Muscovite, microcline, sericite, chlorite, actinolite, hornblende, ensta-
tite, sphene, tourmaline, epidote, calcite, zircon and sillimanite.

The optical and other characters of these minerals are discussed below.

Spessartite—The spessartites are the commonest and most characteristic
minerals of the gondites and are universally present. These show different
colours under the microscope. In most cases they exhibit yellow or light
yellow ¢olour but sometimes the mineral looks so pale that it almost appears
colourless (cf. Chikla area). Reddish brown and light orange colours are
also shown by spessartite in rare instances. This apparent variation in colour
had been explained by Fermor (1909) as due to the compositional variation
in Fe and Mn content.

The spessartites are usually 1sotrop1c but in some instances they exhibit
anomalous double refraction apparently due to strain effect. Colour zoning
in spessartite is rather a rare phehomenon and is observed in a specimen
collected from Sitasaongi mine.



MINERALOQY AND GENESIS OF THE GONDITES 405

The refractive index and unit cell dimension of the garnets separated from
gondites of different metamorphic zones are given in Table 1.

TABLE 1
Unit eell
Garnets in gondite R.I.* dimen-
s10n
Dongri Buzurg mine, 65 ft level (garnet zone) (yellow garnet in
hand specimen) . . . 1-819+0-004  11-55A
East of Dongri Buzurg Raxlway Station (staurohte k3 anite zone)
(brownish yellow in hand specimen) 1-806 £ 0-006 11-39A
Chikla mine area (staurolite-kyanite zone) (yellow garnet- in hand
specimen) .. 1-822£0-005  11-53A
Tirodi south hill (sillimanite zZone) (yellow garnet in hand
specimen) .. . .. .. . 1-811+£0-005  11-59A
Tirodi new quarry (sillimanite zone) (pink garnet in hand
gpecimen) .. .. . .- .. 1-811+0:005  11-58A

* The R.I. of the liquids were checked by Leitz jelly refractometer which has an error
limit of t0-004,

From Table I it may be observed that there is no definite trend of variation
in the compositions of the garnets in gondite with the grade of metamorphism.
Thus a garnet with dominant almandine molecule is found both in garnet
(Dongri Buzurg, 65 ft level) and staurolite-kyanite zone (Chikla) while a garnet
of dominant spessartite molecule is found in staurolite-kyanite zone from a
deposit east of Dongri Buzurg Railway Station.. The garnets of sillimanite
zone at Tirodi are composed mainly of almandine and spessartite molecules
(the latter slightly predominating) and little of pyrope and grossularite.
It has also been observed that the body colour of the garnets have no relation
to their compositions.

The garnets, with varying amounts of spessartite molecule, will be referred

‘as spessartite in this text. They occur as (i) diablastic grains surrounded
by rhodonite or set in a mosaic of quartz, (ii) as fractured porphyroblasts
ranging in size from 2-1 mm X 0-9 mm to 2:6 mm X 2-1 mm, and (iii) as subhedral
and anhedral grains surrounding rhodonite. The spessartites often contain
inclusions of apatite, quartz and ore minerals.

Manganese Pyroxene and Pyroxenoids

Rhodonite—Rhodonite is very well distributed in the gondites though not
as predominantly as spessartite. It is comparatively rare in lower meta-
morphic zones and gradually becomes common as the grade of metamorphism
advances from staurolite to kyanite or sillimanite zone.

The rhodonites are generally colourless under the microscope, though
in a few cases yellowish, pinkish and greenish tinges are observed in plane
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polarized light. One set of well-developed cleavage is observed in almost
every case and in some cases two sets at right angles (88°-92°) are also seen.
The optical characters of rhodonite are summarized in Table II.

Tasre II
Optical characters of rhodonite

Area Colour Extinction angle R.I. 2y
Sitapatore .. Non-pleochroic ZANc = 20° Nz—1-724 + 0-004 2V —75°
colourless Ne—1-734+0-006
Ng—Ng = 001
South Tirodi .. Non-pleochroic Zpae = 21° Ng—1-725% 0-004 2V —74°
colourless N—1-735 + 0:006

N—Nz = 0-01

The rhodonites occur commonly as granoblastic grains with well-developed
grain boundary and sometimes as elongated needles. The large grains of
rhodonite poikiloblastically enclose spessartite though the opposite relations
are not uncommon. Rhodonite sometimes occurs as inclusion in spessartite.
In certain cases, bigger grains of rhodonite are fractured and along the fracture
plane, pyrolusite and cryptomelane are found to occur. It occasionally
contains inclusions of spessartite, quartz, tirodite, manganese oxides and
apatite.

Blanfordite.—This manganese pyroxene was first described and named by
Fermor (1906). These are less abundant than rhodonite and have been
detected by the present authors only from the sillimanite zone at Tirodi and
Gowari Wadhona. They are present both in the gondites and in the pegmatites
cutting across the gondites.

Blanfordite occurs often as large porphyroblasts in the gondites. Some- ‘
times they are replaced by tirodite or piedmontite and frequently by pyrolusite
and cryptomelane. One set of cleavage is prominent in most cases. Two
sets, almost at right angles, are also exhibited by some grains. The optical
properties of blanfordite are summarized in Table III and the results of
chemical analysis of uncontaminated crystals of blanfordite (of Type 2 from
North Tirodi quarry) separated from the gondite are given in Table IV.

The structural formula was calculated on the basis of the general formula
(Wh-p (X, Y)14p Z; O for pyroxenes, where

W = Na, Ca
X = Mg, Fe?+ Li, Mn
Y = A}, Fe**, Ti
Z = Si, Al (in minor amounts)
as follows: S
(Na, Ca, K)o.g00s (Mg, Fe?*, Mn, Al, Fe?*, Ti)1.1080 (Si, Al)ggo O
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Optical characters of blanfordite

Area

Pleochroism R.I

Birefringence ZAc 2V,

Gowari Wadhona,

X—Rosge pink to Nz—1-737%0-006

N—N_z = 0-037 32° to 63° 80°

Chhindwara Dist. pink g
Y—Pale blue N—1-774 £ 0-006
(rarely brownish)
Z—Blue
Z>Y>X
North Tirodi, Bala- X-—Rose pink Ny—1-76010:006 N;—Ngz=0-025 Variable 84°
ghat Dist, Y—Pale blue N:—1-785%0-005 from
Z-~Blue 30° to 60°
Z>Y>X
Tasre IV
Chemical analysis of blanfordite (Analyst—B. P. Gupta)
Constituents Wt 9% I;gg;gsofon'(nie(%a;l Allotments
8i0g 50-60 1-8271 1-8271 7
» 2:0000
[ 01729 J
Al Oy 14-21 0-6067 ]
‘ {04338 )
TiO, 2.75 0-0746 0-0746
Fey0, 11-50 0-3124 03124 {13039
FeO Nil — —
MnO 0-56 0-0171 0-0171
MgO 4-93 0-2651 0-2651 J
CaO 6-09 0-2317 0-2317 3
Nag0 7-00 . 0-4908 0-4908 % 0.8006
K30 1-70 0-0781 00781 |
“Hy0t 0-05
H,0~ 055
Total 99-94

From the analysis, the molecular percentage of aegirine, jadeite, johann-
senite, diopside and enstatite were calculated as follows:

Aegirine
Jadeite
Johannsenite
Diopside
Enstatite

40-36
23-15
2-19
27-68
6-59
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There has been considerable controversy about the nature of blanfordite
and the group it belongs to, since the mineral was first described. Fermor
(1909) considered it to be a manganiferous diopside. According to Pennfield,
it is composed of equal parts of diopside, jadeite and acmite. Bilgrami
(1955) calculated the formula of blanfordite from Chikla on the basis of six
oxygen atoms as follows:

(Na, Ca)o.gp (Al, Ti, Fe, Mn);.q5 (Si, Al)s.00 Og

This formula corresponds closely to the ideal formula X YS8i, Oy and
Bilgrami considered the mineral to be manganiferous aegirine. Zwaan and
Van der Plas (1958), on the basis of 6ptical characters, concluded that blan-
fordite is related to acmite-aegirite. Their X-ray data also confirmed this
view. Kilpady (1960) calculated the formula of blanfordite from Ponia on
the basis of the general formula of monoclinic pyroxenes (XmYq-m (Si, Al)y
(0, OH, F);) as follows:

(Na, Ca)y.p (Fe3+, Mg, Mn, Al)y.g6 (Si, Al); Og

From the chemical composition and optical properties, Kilpady concluded
that blanfordites are intermediate members between diopside and acmite.
He supported his views by X-ray powder data also.

Nayak (1961) concluded that the blanfordites from Kajlidongri, Jhabua
District, Madhya Pradesh, resemble very closely to acmitic pyroxenes in their
optical characters.

According to Troger (1956) the indices of refraction of aegirine-augites
and acmite-aegirites are as follows:

Aegirite-augites Acmite-aegirites
Np—1-716-1-762 1-762-1-776
Ny—1:730-1-796 1-796-1-821
N—1-750-1-810 1-810-1-836

The indices of refraction of blanfordite from North Tirodi quarry (Type 2,
Table III) show that it belongs to the acmite-aegirite group, the result con-
firming Zwaan and Plag’s conclusion. The chemical analysig of the same
material indicates that the mineral is intermediate between diopside and acmite.
But the blanfordite from Gowari Wadhona shows much lower indices of
refraction and may be related to the aegirite-augites of Troger (1956). No
chemical analysis for the latter mineral could, however, be undertaken due
to lack of enough material.

A comparison of the chemical and optical characters of blanfordite, reported
by other workers from different parts of India, has been attempted in Table V.
In addition to the present work, only the data supplied by Bilgrami (1956)
and Kilpady (1960) have been used as the other publications are incomplete
in some way or the other. The structural formula of the blanfordites described
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by Bilgrami (1956) and Kilpady (1960) has been recalculated on the basis
of the general formula (W);_, (X, Y)14, (Z3 O).

TABLE V

Comparable table of chemical and optical characters of blanfordile described from
different parts of Indic

B i i Bla dite fi i
lanford1tt? frop North Blanfordite from Chikla lanfordite .I‘OITI Ponia
Tirodi (Paunia ?)

(present investigation) (Bilgrami 1956) (Kilpady 1960)

Na, 0-4908 0-7047 ) 0-6886 7
W Ca 0-2317 7 0-8006 0-1749 > 0-8796 0-3450 » 1-0336
K 00781 J — —
Mg 0-2651 0-1810 ) 0-2703 )
X  Fe+ -— 0-0345 —
. . . - i
N o Chen s e
Y TFed+ 0-3124 0-5089 0-5261
T 0-0746 | "0-0164 | —
Si 182717 1-9578 19271
Z 5 2:00 L 200 5 2:00
Al 01729 | 0-0422 | 0-0729 )

Structural  (Na, Ca, K)g.g006 (Mg, Fe2+, (Na, Ca)o.g79¢ (Mg, Mn, (Na, Ca);.g536 (Mg, Mn,

formula, Mn, Al, Fe3+, Ti)y.1930 Fe?+, Al, Fel+, Al Fel+);.0040
(81, Al)y.00 Os Ti)1-1065 (81, Al)g.oo O (51, Al)g.gp Og
Aegirine 40-36 49-17 49-81
Jadeite 23-15 1893 15-43
Johannsenite 219 14-39 9-18
Diopside 27-68 ’ 2-51 23-48
Enstatite 6-59 14-97 2:08
Colour in Deep bluish black Lavender blue to brown
hand speci-
mens
Pleochroism X-—Rose pink to pale pink X-—Rose pink X—Pink with a tinge of
brown
Y—Pale blue Y—Pale blue Y—Pale pink
Z—Blus Z—Blue Z—Blue
Z>Y>X
RIT. Nz—1-76010-006 Ne—1-732 Nz—1-760
Nr—1-785 +0-005 Ny—1-756 Ny—1-768
Ne—Ng = 0025 N—1-770 N—1-780
Ne—Ng = 0-038 Ne—Nz = 0020
ZMce Variable from 30° to 60° — —

2V, 84° 80° —
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Manganiferous Brown Pyroxene

Fermor (1909) reported for the first time manganiferous brown pyroxene
from Kajlidongri, Kosumbah, Sitapatore, Kachidhana and Jothvad areas.
The authors have detected this mineral mainly from the Tirodi-Sitapatore
areas both in gondites and in quartz and pegmatite veins cutting across the
gondites. It occurs as medium to coarse, euhedral to subhedral grains and
shows at least one set of prominent cleavage. It replaces rhodonite in some
sections and is, on the other hand, replaced by tirodite and secondary
manganese oxides. The optical properties of the mineral are given in Table
VI and the results of chemical analysis of the uncontaminated mineral are
presented in Table VII. ‘

TasLe VI

Optical characters of manganiferous brown pyroxene

Pleochroism R.I. XAc 2V,
X-—Brown, sometimes with a pink tinge =~ N—1-737%0-006 10°-20° 80°
Y—Paler brown .. . N—1-758 £ 0-003 In different speci-
Z-—Yellow, sometimes with a greenish mens varies from
tinge .. .. .. Nzg—Ngz = 0021 77° to 87°
X>Y>2Z
TasrLe VII

Chemical analysis of manganiferous brown pyroxene (Analyst—B. P. Gupta)

Ratio of metal

Constituents Wt % - atoms to 6(0) Allotments
Si0, 51-80 1-8878 1-8878
{ 01122 | 200

Al,O4 11-97 0-5160 0-4038 7
TiOg 0-63 0-0171 0-017} 7
FegOy 7-52 0-2059 0-2059 .
FeO Nil . . __ pllio001
MnO 4-10 0-1264 0-1264
MgO 6-39 0-3469 0-3469
CaO 11-03 0-4308 0-4308
Nay0 514 0-3631 0-3631 4 .8083
X,0 0-32 0-0144 0-0144J
H,0* 0-12
H,0™ 0-56

Total 99-58

The structural formula was calculated on the basis of (Wh_, (X, Y)i1s
Zy 04, where
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W = Na, Ca
X = Mg, Fe?*, Li, Mn
Y = Al, Fe®+, Ti

Z = 8i, Al (in minor amounts)
as follows:
(Na, Ca, K)o-g0ss (Mg, Fe?*, Mn, Al, Fe?+, Ti)1-1001 (Si, Al)z-oo O,

From the analysis, the molecular percentage of aegirine, jadeite,
johannsenite, diopside and enstatite was calculated as follows:

Aegirine .. 24-64
Jadeite .. 1878
Johannsenite .. 1508
Diopside .. 3684
Enstatite .. 5-02

Fermor considered these manganiferous brown pyroxenes to be corre-
sponding to schefferite and urbanite. Zwaan and Van der Plas (1958) con-
cluded from optical properties that it belongs to the aegirine-augite group with
a large quantum of acmite molecule. Nayak (1961) observed that the brown
pyroxenes are transition members between acmite and blanfordite.

The indices of refraction of the present material from Tirodi East and
West quarries can be conveniently related to the aegirine-augites of Tréger
(1956) and the chemical analysis shows that it has a large amount of diopside
followed by aegirine molecules.

Manganese Amphiboles

Tirodite—Among the manganese amphiboles present in the gondites,
tirodite is most common. It occurs sometimes as stumpy grains interstitial
to spessartite and along tHe cleavage directions of rhodonite. It also occurs
as rosettes of fibrous mineral and acicular needles. Large blades are.not
uncommon. Generally one set of cleavage is present in most cases, but two
sets at acute angles are also frequently observed. The longer blades are
often fractured moderately. The other optical characters are given in
Table VIII.

TasrLe VIIL
Optical characters of tirodite

R.I. ZAe 2V

Pleochroism Optic sign
X—Colourless .. . - Ny—1-620 £0-002 21° 86° —ve
Y—Pale yellow to very pale yellow N—1:650 £ 0-002

Z—Pale yellow to straw yellow

Ne—Ng = 0-021

9
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From the optical characters stated above, there is no doubt that the
mineral examined by the authors is tirodite, as described originally by Dunn
and Roy (1939).

Chemical analysis of uncontaminated tirodite crystals with the optical
constants given in Table VIII was done and the results have been given in
Table IX.

TasrE IX

Chemical analysis of tirodite (Analyst—B. P. Gupta)

Ratio of metal atoms
. o A
Constituents Wt 9 to 24 (0, OH, F) llotments

Si0, 54-40 7-9214 7-92 } 8:00
Al,O, 1-98 03395 {g:gz 3

TiOg 0-74 0-0805 0-08 ¢ 0-87
Fe, 03 4-88 0-5337 053 ) °
FeO 0-65 0-0787 0-08

MnO 7-72 09521 0-95 ; 535
MgO 19-90 43181 432 )

CaO 4-41 0-6878 0-69 )
Na,O 341 0-9625 096 o~ 1-83
K,0 1-02 0-1809 018 J
H0t 011 0-0061 OH— 0-0061
H,0~ 0-95

F 0-02 0-0175 0-02

Total 100-19

The structural formula of tirodite was calculated on the basis of the
following general formula for amphiboles:

'
(WXY)7-5 (Zs On1)z (O, OH, F)y,
where W = Ca Na K; X = Mg Fe?* Mn; ¥ = Ti Fe**; Z = Si Al
The formula, as calculated from the chemical analysis in Table IX,
thus stands as follows: :
[(Cag.goNag.96K o-18) 1-83 (ME4-32F€*To.0sMng.g5)5.55 (Tio-08Alo-26F€** g.53)0-8717-70
(Si7.92A0.98)8-00 O22 (O1.9729 OHg.0061 Fo-02)2-00
The above formula was recalculated on the basis of mangantremolite,

soda tremolite, glaucophane and cummingtonite molecules and the following
divisions have been decided :

Cummingtonite .. 45989,
Soda tremolite .. 28-98%
Mangantremolite .. 17759,
Glaucophane oo 7299

9B
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Tirodite was described and named for the first time by Dunn and Roy
(1939) and they concluded that it is close to richterite. Bilgrami (1955)
also agreed that the tirodites approach richterite or goda tremolite closely
by their physical and chemical characters. Zwaan and Van der Plas (1958)
suggested that tirodite is a transitional member between tremolite and soda
tremolite. Segelar (1961) related tirodite to manganoan cummingtonite.

Winchite—Among the manganese amphiboles it is second in order of
preponderance in the gondites and is mainly restricted to the higher meta-
morphic zones. It generally occurs as coarse blades and rarely as patchy
thin blades along the cleavage directions of rhodonite. One set of prismatic
cleavage prominent and two sets of cleavage at acute angles in basal sections
are not uncommon. The grains are fractured in some cases and the secondary
manganese oxides occupy these fractures. It shows second order interference
colour. The optical properties are summarized in Table X and Table XI

TasLe X
Optical characters of winchite

Pleochroism R.I. XAc 2Vs
X—Rose pink to light pink .. Nz—1:64010-002 16°-20° 80°
Y—Light pinkish .. .. Ny—1-65210-002 In different speci-
Z—Pale blue to blue . . .. N~1-655%0-002 mens varies from

Ne—Ngz = 0-025 74° to 84°
TaBrLe XTI

Chemical analysis of winchite (Analyst—B. P. Gupta)

Ratio of metal atoms

Constituents Wt % to 24 (0, OH, F) Allotments
8i0, 52-84 7-3396 7-34 } 800
AlO, 7-32 1-1990 { 0-66

0-54
TiO, 0-42 00434 0-04 > 0-93
Fey0, 3-36 0-3507 0-35 J
FeO Trace — —
MnO 1-74 0-2045 020 > 4.55
MgO 21-02 4-3523 435 |
Ca0 8-68 1-2926 1297
Nap0 2-51 0-6763 0-68 > 214
K,0 0-94 0-1670 0-17 ,r
H,0t 0-16 0-0089 0-009
H,0~ 0:64
¥ 0-05 0-02170 0-022

Total  99-68
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shows the results of chemical analysis of the separated uncontaminated
mineral.

The structural formula of winchite, calculated on the basis of the general
formula of the amphiboles, viz. (WXY),_g (Z, 0;4)2 (O, OH, F),, came to as
follows:

[(Ca;.0oNag.e5Ko-17) .14 (Mgy.35Mny. 20)4 .65 (Tio-06Alo-54F€** 9.55)0- 93]7 -62
(Siz.34A1p.66)8-00 Oz2 (01989 OHo.09 Fo.22)2-00
The above formula of winchite was recalculated on the basis of mangan-
tremolite, soda tremolite or richterite [Nay, Ca Mg, (OH), Sig O,.] and tremolite
molecules and the following divisions have been decided:

Mangantremolite .. .. 459

Soda tremolite or richterite .. 5I1-2 (taking into consideration the po-
tassium present in the analysis).

Tremolite .. oo 44:39

Juddite—This mineral was also described and named by Fermor (1909).
It is rather rarely distributed in the gondites and associated pegmatites. The
mineral attains particular importance in the North Tirodi quarry and is
constantly associated with blanfordite. The constant association with blan-
fordite is rather characteristic as noted by earlier workers though it may be
mere coincidence. -

Bilgrami (1955) also described °juddite’ in his paper, though the data
given by him do not adequately fit with those properties laid down by Fermor
(1909).

Zwaan and Van der Plas (1958) discussed the optical properties of juddite
from Nagpur District, India, and correlated them to Fermor’s data. From
optical and X-ray data, they concluded that it is closely related to the alkali
amphiboles, specially the riebeckite group described by Miyashiro (1957).

Nayak (1961) described juddite from Kajlidongri, Jhabua District,
Madhya Pradesh, and his observations were also in agreement with those of
Fermor and he argued that the mineral is probably related to the alkali am-
phiboles, especially to riebeckite.

The optical characters of the mineral are given in Table XII and
Table XIII presents the results of chemical analysis of uncontaminated crystals
of the mineral.

TaeprLE XTI
Optical characters of juddite
Pleochroic Refractive index -~ X Ac 2V
X-—Carmine Ny—1-64710-006 30° 75°
Y—Bluish (with a tmge of green) . N—1-65810-004

Z—Light pink . Ne—Na= 0011
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Tapre XIII
Chemical analysis of juddite (Analyst—B. P. Gupta)

. Ratio of metal atoms
Constituents Wt 9% to 24 (0, OH, F) Allotment
8i0, 57-20 7-8627 7-86 } 8-00
: 014

Al,0, 8-56 1-3909 { 125

TiO, 1-42 0-1462 0-15 ¢ 1-99

Fe,0, 5-68 0-5864 0-59

FeO Nil — —

MnO 0-96 0-1115 0-11 & 3-14

MgO 14-81 3-0330 3-03 f

Ca0 2.73 0-4014 040

Na,0 5-87 1-5644 1-56 % 2-23

K,0 1-53 0-2676 027 J

H,0* 0-12 0-0666 0-067

H,0~ 0-92

F 0-02 0-0083 0-008
Total 99-82

The structural formula, calculated on the basis of the general formula
for amphiboles (WXY),_g (Z; O11)e (O, OH, F),, came as follows:

[(Cag.gNay.56Ky.07) 2-23(Mg3.03Mng. 11)3. 14 (Tig- 15A11. 26 F€3¥ .56) 1.00)7-36

(Si7'86A10'14)8'00 022 (01'925 O:[-:[0'67 FO'OOB)Z'OO

The above formula of juddite is very close to that of glaucophane
(Na, Mgz Al, (OH), Sig Og,). But in the formula of juddite Fe?* replaces Al
which shows that solid solution with magnesio-riebeckite has to be considered.
From the ratio of substitution of Al by Fe®*, it seems that the molecular
proportion of glaucophane and magnesio-riebeckite is around 2-1 : 1. But in
the molecule of glaucophane considered here, only OH is present though
in juddite we have a large amount of oxygen compared to little OH
(Oy.925 OHg.g67 Fo-00s) in that position. This can be explained by the replace-
ment of OH by oxygen in the glaucophane molecule. Similarly oxygen also
replaces OH in the formula of magnesio-riebeckite assumed here.

Manganese Mica

Manganophyllite—The mineral occurs in varied proportions in gondites
and is well distributed in all metamorphic zones. It particularly concentrates
where the ore band is intruded by pegmatite.

Manganophyllite usually occurs interstitially in spessart1te and rhodomte
or ig included in them and the manganese ores. It occupies the cleavage
planes of tirodite and replaces the latter., In some places it concentrates at
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the contact of manganese ore and felspar. It is, In turn, replaced along the
cleavage by piedmontite.
The optical properties of manganophyllite are given in Table XIV.

TasLe XIV

Optical characters of manganophyllite

Pleochroism R.I. 2V

X—Yellow to pale yellow .
Y—Brown (sometimes with orange and pink tinge) Ny—1-61210-002 32°
Z—Dark brown

X<¥Y<Z

Alurgite—It occurs less frequently in the gondites but it is uniformly
distributed in all grades of metamorphism. It occurs as fine needles or
elongated flakes, associated with felspar or other manganese silicates. Under
the microscope it appears sometimes like muscovite but is easily distinguished
from the latter by its pleochroism. It shows third order interference colour
and straight, sometimes mottled, extinction. The other optical properties
are given in Table XV.

TanLe XV
Optical characters of alurgite

Pleochroism R.I. 2Ve

X-——~Colourless (sometimes with pink tinge) Ny—1-590 £ 0-002 34°
Y—Pale pink (sometimes with yellow and brown tinge) i
Z—Deep pink to light pink

X<Y<Z

Manganese Epidote

Piedmontite—1t is rather of rare occurrence in the gondites. It only
forms in the following conditions:
(i) where the gondite abuts against calcareous formations such as in
Gowari Wadhona;
(ii) where metasomatic carbonates invade the gondites such as in
Tirodi;
(iii) where pegmatite intrudes the gondites.
In all the above cases piedmontite is one of the last minerals to form.
It has been detected to replace spessartite, rhodonite, blanfordite, tirodite
and manganophyllite and often clusters at the contact of manganese ores
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and the silicates. In case of pegmatitic association, piedmontite occurs ag
large, fractured porphyroblasts, often veined by quartz and secondary
manganese ores. The optical properties of piedmontite are given in Table
XVL

TasrLe XVI

Optical characters of piedmontite

Area Pleochroism X Ae 2V,

Tirodi E.-W, quarry .. .. X—Yellow 4° 88°
Y-—Violet
Z—Reddish to dark red
X<¥Y<2Z
Sitasaongi .. . .. X—Yellow with brown tinge 6° 82°
Y—Violet
Z—Deep magenta
X<Y<Z

Quartz—It is one of the essential minerals of gondite and is universally
distributed in these rocks. Sometimes, in large bodies of gondite, the
spessartite-thodonite ‘assemblage and quartz are segregated in different
places, though the rock taken as a whole contains abundant free quartz to
qualify for the term gondite. Quartz occurs poikiloblastically within spes-
sartite as xenomorphic inequigranular, clear and unstrained grains. It also
occurs as a matrix of mosaic quartz with scattered grains of spessartite.
Certain quartz grains show incipient dimensional orientation. Undulose
extinction (both banded and patchy) and marginal granulation are observed
in many cases. Quartz rarely occurs as inclusions in rhodonite.

Felspars—Contrary to the observations of Fermor, felspars are frequently
detected in the gondites, often in considerable amount. Both microcline
and plagioclase felspars (Aby to Ab,;, mostly below Ab,,) are present. The
potash felspars, in most cases, occur as replacement veins and are probably
metasomatically introduced.

Apatite—It is a very common but minor constituent of gondite. It
generally occurs as xenoblastic inclusions in spessartite and rhodonite, some-
times occurring in clusters.

Calcite—It occurs as fine to medium subrounded grains. They are,
in all cases, introduced in the gondites at a very late stage, embaying all
earlier silicates. Its association with piedmontite is noteworthy.

Besides the above-mentioned minerals which characterize the gondites,
the following minerals are also sporadically present :—

Muscovite, biotite, epidote, tourmaline, chlorite, actinolite, tremolite,
hornblende, sphene, zircon, tremolite, sericite, sillimanite, ete. Most of these
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minerals are present only in one or two sections and thus are rather unim-
portant.

Mineralogy of the Manganese Oxides
Besides the silicates described already the following manganese oxide
minerals have been identified in the gondites from different metamorphic
zones:
Braunite, bixbyite, jacobsite, hausmannite, vredenburgite, hollandite,
pyrolusite, cryptomelane and hematite.
The optical characters of these minerals have been summarized in Table
XVII, and the X-ray powder data in Table X VIII.

TaepLE XVIII

X.ray powder data for manganese oxide minerals : Fe/ Mn radiation

Cryptome-

Braunite  Bixbyite  Jacobsite Ha“?‘t’:m' Hollandite Pyrolusite 'Y
1 ane

ddy 1 &) 1 Ay 1 dAd) 1T dA) I d4) I dd) 1

4705 w 384 mw 481 mfw 491 m 687 w 311 s 6-917 mw
3-49 w 3-35* mw 2998 m 414} w 48 w 240 s 4-856 mw
271 vs 272 vs 2:565 wvs 308 m 349 w 2108 w 3-109 wvs
2-49 f 252 w 2:125 w  2-89 vw 312 wvs 1623 m/w 2395 m
2-34 m 2-35 mw 1736 m 274 vs 250 wvw 166 w 216 w
2-15 m 201 m 1637 m 249 s 240 m 143 w 2-:03* s
1-87 w 1:856 m 1:504 s 234 w 220 w 1830 w 183 w
1-80 w 1-69 f 1296 w  2-05 w 216 w 164 w
1-74 w 1-66 s 1-78 w 214 w
1-66 8 1-55 f 1-58 w 196 wvw
1-54 w 149 f 1-54 m 1-86 w
1-50 w 145 w 1-445 w 1-81 w
1-47 w 1442 m 167 w
142 ms 139 wvw 162 w
1-37 f 1-36 f 1-54 mjw
1:35 f 1-28 wvw 143 w

118 wvw 137 w

1'14 w 1:34 w

1:08 m

1-05 m/w

]
|

* Extraneous line ; T Vaseline line.

MINERAL ASSEMBLAGES IN THE (GONDITES AND THEIR TEXTURAL
RELATIONSHIPS

The gondites, in hand specimens, either display good banding by concen-
tration of yellow spessartite or pink rhodonite or black manganese ore and
glassy quartz in well-defined bands, or these are typically massive and mottled
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in appearance. The gondites scarcely exhibit good schistosity and the minerals
generally do not have any linear arrangement. In banded gondites, spes-
sartite, rhodonite and other manganese silicates are often interbanded with
quartz or manganese oxide minerals (Figs. 4, 5). Such banded gondites
often exhibit small-scale folds (Fig. 6). In certain cases entire bands are
composed of rhodonite or spessartite and veins from such rhodonite bands
often transgress the other bands transversely (Fig. 7). In practically every
case, however, the bands display very sharp boundary and, unless deformed,
show uniformity in thickness and composition. The manganese amphiboles
and the manganese micas are also mostly aligned in bands and they rarely
impart a foliated appearance to the gondites. Occasionally the gondites,
particularly the rhodonites in the gondites, exhibit alteration to manganese
ore (Fig. 9). The spessartites are generally fine grained and equidimensional
though occasional large idioblasts of spessartite or brown pyroxenes are
also found in gondites (Fig. 8). Large crystals of piedmontite are also found
embedded in calcite where the latter has replaced gondite metasomatically.
The mineral assemblages that have been detected in the gondites from
different metamorphic zones of different type areas are given in Table XIX.
Microscopic study reveals that the spessartites, as idioblasts or as sub-
rounded grains, are often embedded in a mosaic of quartz, giving rise to
typical gonditic texture described by Fermor (1909). Sometimes such
spessartite-quartz assemblage is interbanded with rhodonite or rhodonite-
apatite assemblage (Fig. 12). There are instances where subrounded equi-
dimensional grains of spessartite make up most of the rock and quartz and
manganese ores are interstitial and later to them (Fig. 14). Manganese
silicate minerals such as winchite sometimes show a banded relation with
primary manganese ore minerals like braunite. The spessartites, whose
colour in hand specimens and in thin sections varies widely, have already
been discussed in detail with respect to their optical properties and composition.
The garnets sometimes exhibit zoning (Fig. 13). The spessartites often trans-
gress into rhodonite grains and there are numerous instances where they cut
across the cleavage of the rhodonite grains (Fig. 10) and also surround the
latter. The reverse relation, however, is equally frequent where rhodonite
occupies the interstices of spessartite grains and is distinctly of later formation
(Fig. 11). The rhodonite grains are often twinned and undeformed. The
garnets are rarely strained to show abnormal double refraction. From the
textural relations it is clear that the formations of spessartite and rhodonite
overlapped. In most specimens of gondite, apatite is a constant associate.
It is in most cases as an unimportant accessory, though occasionally it
is uniformly distributed in rhodonite, garnet and primary manganese ores
like braunite. Among the other manganese pyroxenes and amphiboles,
juddite, as observed by Fermor (1909), is always accompanied by blanfordite,
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Fie. 4. Sharp banding between spessartite. rhodonite and manganese ore in gondite,  Hand
specimen,

Fia. 5. Sharp banding between spessartite-quartz and manguanese ore.  Hand specimen.

Fic. 6. Small-scale folding in banded gondite. Hand specimen.

F16, 7. banding between rhodonite and spessartite in gondite, Hand specimen,

Fia, 8, Spessartite crystals set in gondite. Hund specimen,

Fic. 9. Rhodonite in gondite altered to secondary manganese oxides (pyrolusite and erypto-

melane). Hand specimen.
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Fra. 10. Spessartite cuts across cleavage of the rhodonite grain. X 65.
F1e. 11. Rhodonite (white) occupies the interstitial spaces of spessartite
(dark), Crossed nicols, x 110.
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TasrLe XIX

Moineral assemblage of gondites in different metamorphic zones

Met. zone Area Mineral assemblage
Almandine Dongri  Buzurg- Bpessartite-quartz - plagioclase - tirodite - braunite - (micro-
Zone. Kurmura area, cline - manganophyllite - apatite - pyrolusite - cryptome-
Bhandara Dist. lane).
Staurolite- East of Dongri Spessartite - rhodonite - plagioclase - (apatite - microcline-
lz(g;":lte Buzurg Railway pyrolusite).

Station.

Spessartite - quartz-rhodonite - braunite - (apatite - crypto-
melane-pyrolusite).

Spessartite - tirodite - quartz - actinolite - braunite - (chlorite-
pyrolusite).

Chikla-
Sitasaongi area,
Bhandara Dist.

Spessartite-rhodonite-tirodite-quartz- plagioclase - braunite-
(microcline-apatite-pyrolusite-cryptomelane).

Rhodonite - spessartite - braunite - hollandite - (apatite - tiro-
dite-pyrolusite).

Spessartite -rhodonite - quartz - plagioclase - braunite- jacob-
site - (piedmontite - apatite-calcite -hematite - microcline-
manganophyllite-cryptomelane).

Rhodonite - spessartite - tirodite - winchite - vredenburgite-
braunite-(apatite-pyrolusite).

Sillimanite
zone,

Tirodi-
Sitapatore area,
Balaghat Dist.

Spessartite-quartz-braunite-apatite-(pyrolusite).

Spessartite - rhodonite - quartz - braunite - vredenburgite-
(apatite-cryptomelane-pyrolusite).

Rhodonite-spessartite - tirodite - quartz - plagioclase - (micro-
cline-apatite-pyrolusite).

Spessartite -rhodonite - quartz - braunite - bixbyite - vreden-
burgite-(apatite-pyrolusite-cryptomelane).

Spessartite - quartz - winchite - tirodite - braunite - (apatite-
cryptomelane).

Spessartite - quartz - (tirodite - piedmontite - calcite - apatite-
pyrolusite).

Rhodonite - tirodite - winchite - quartz - (actinolite - apatite-
manganophyllite-biotite-pyrolusite).

Spessartite - rhodonite - blanfordite - tirodite - (microcline-
apatite-pyrolusite).

Spessartite - rhodonite - quartz- {(alurgite - manganophyllite-
apatite-cryptomelane-pyrolusite).

Rhodonite - quartz - blanfordite - tirodite - plagioclase - mus-
covite-(apatite-pyrolusite-cryptomelane). N

Spessartite - brown pyroxene - quartz - tirodite - (apatite-
manganophyllite-cryptomelans).

Spessartite-blanfordite - juddite - quartz - plagioclase - braun-
ite-(microcline-manganophyllite-alurgite-pyrolusite).

Gowari Wadho-
na area, Chhind-
wara Dist.

Spessartite - rhodonite - blanfordite - quartz - braunite - (apa-
tite-manganophyllite-pyrolusite-cryptomelane).

Spessartite-rhodonite - blanfordite - diopside -manganophyl-
lite-piedmontite - braunite - vredenburgite - (apatite - alur-
gite-pyrolusite-cryptomelane).
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though the reverse case is not apparent as the latter often occurs with other
manganese silicates in the absence of the former. Tirodite is present in
gondites of all metamorphic grades. Winchite is not present in gondites
below the staurolite zone. dJuddite, blanfordite and brown manganiferous
pyroxene have not been detected in gondites below the sillimanite zone.
Bilgrami (1955, 1956) reported these minerals from Chikla, Bhandara District,
which is in the staurolite-kyanite zone. But, according to him, the minerals
occur in pegmatites cutting across manganiferous formations. Tirodite
replaces rhodonite, blanfordite (Fig. 15) and brown manganiferous pyroxene
(Fig. 16) almost everywhere along the cleavage. Manganophyllite and
alurgite replace both the manganese pyroxenes and manganese amphiboles
abundantly. Manganophyllite is, however, replaced along the cleavage by
piedmontite (Fig. 17). Piedmontite is, in all instances, accompanied by
calcite and these two minerals are introduced later, in most cases metaso-
matically. In Gowari Wadhona, however, where the gondites of Mansar
formation abut against dolomitic marble of Bichua formation, the Chorbaoli
and Junewani formations being missing, a very interesting assemblage has
formed and piedmontite, calcite and diopside co-exist, with spessartite,
blanfordite, rhodonite, tirodite, quartz, manganophyllite, etc. Piedmontite has
often an affinity to primary manganese oxides and it is either included in
the latter or forms at the contact of manganese ores and plagioclase felspar.
Euhedral grains of primary manganese oxides are often associated with
spessartite, rhodonite and quartz (Fig. 18) and the actual nature of these
primary oxides will be discussed now. In addition to such primary oxides,
secondary manganese ore minerals also form particularly at the expense of
rhodonite where the latter has been altered both along the cleavage planes and
along the grain boundaries (Fig. 19). Such alteration of rhodonite to secondary
manganese oxides is mainly confined near the surface. The spessartites are
also altered to secondary manganese oxides and pseudomorphs of pyrolusite
after garnet are occasionally detected (Fig. 20). It is, however, interesting
to note that nowhere the alteration of silicates has given rise to either braunite
or any other lower oxides of manganese and in every case of alteration, super-
gene higher oxides of manganese, such as pyrolusite and cryptomelane, have
been formed. In Fig. 20 braunite may be seen to be present in the interstices
of original spessartite, which has later been altered to pyrolusite by supergene
agencies. Braunite is also universally present in the gondites, often inter-
grown with spessartite (Fig. 21), in the interstices or grain boundaries of the
garnets (Fig. 22) or in the interstitial space of rhodonite (Fig. 23). Bixbyite,
jacobsite and vredenburgite have always been found later than spessartite
and rhodonite (Fig. 24) and at the contact of vredenburgite and rhodonite,
often a reaction rim of braunite is formed (Fig. 25). Braunite is detected
abundantly in gondites from garnet (almandine) zone of Dongri Buzurg,
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TFic. 12, Subrounded grains of spessavtite and quariz interbanded with rhodonite. %33,

Fic. 18. Zoning in spessartite garnet in the gondite from Sitasaougi mine. - 300,

Fie. 14, Subrounded equidimensional grains of spessartite in a spessartite rich gondite where
later quartz and ore mincralx are interstitial to them, 625,

F1G, 15. Tirodite replacing blanfordite. 2110,
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F16. 16, Tirodite replacing brown manganiferous pyroxene. 110,

Fi1c. 17, Manganophyllite replaced by piedmontite (dark) along the cleavage. X 65,

Fi1c. 18. Euhedral grains of primary manganese oxide In spessartitc-rhodonite-quartz
assemblage. X 65.

Fi16. 19. Rhodonite altered to secondary manganese oxXides along cleavage and grain
boundaries. > 110.
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F1c. 20. DPyrolusite pscudomorphous after spessartite with braunite in the interstices. Polished section.  Oil immersijon. X 400.
Polished section.  Qil immersion. 50.

Polished section.,  Oil immersion. 150,
Polished seetion.  Oil immersion, X 400,

Fi1e. 21.  Intergrowth of spessartite (grey) and braunite,
F1c. 22, Braunite (white) in the interstices of spessartite (grey).
F16, 23.  Braunite (white) in the interstices of rhodonite (grey).
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Fic. 24, Jacobsite (white) replacing spessartite (grey) in gondite, Polished section, Oil
immersion. X400,

Fie. 25, Braunite forming as a reaction rim around vredenburgite. Polished section. Oil
immersion, X 600.
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but free jacobsite does not form below the staurolite-kyanite zone of Chikla-
Bitasaongi. Vredenburgite appears first in staurolite-kyanite zone and
continues in sillimanite zone of Tirodi-Sitapatore and Gowari Wadhona and is
often accompanied by braunite and bixbyite. ‘

From a close scrutiny of the mineral assemblages of gondites from different
metamorphic zones, as depicted in Table XIX, the following generalized
observations may be made:

(i) The spessartites (used as a generalized term though some garnets '
contain a major proportion of almandite molecule) appear in the gondite
at fairly low grade of metamorphism provided the bulk composition of the
original sediments permits. In most cases spessartites form uniform fine-
grained granules which show that they nucleate more readily and they often
coalesce into bigger grains. The formation of spessartite and rhodonite
overlapped each other as shown by textural relationships.

(ii) Rhodonite may or may not appear in the garnet (almandine) zone.
The appearance of rhodonite is dependent on excess of manganese and silica,
temperature and oxygen partial pressure. The last two factors are more
important in gonditic horizons as the bulk composition is almost invariably
rich in manganese and silica. Glasser (1958) and Muan (19594, b) have shown
that rhodonite has a high temperature of formation, though according to Muan
(19590), with sufficiently low oxygen partial pressure, rhodonite may appear
around 500° C. Thus, rhodonite can form in the garnet (almandine) zone
provided the oxygen partial pressure is sufficiently low, otherwise its tempera-
ture of formation should be beyond the ranges of almandine zone.

(iii) The other manganiferous pyroxenes, blanfordite and brown mangani-
ferous pyroxene do not appear in any of the gondite assemblages below the
sillimanite zone. In the sillimanite zone, however, they are fairly profusely
distributed.

Among the manganese amphiboles, tirodite appears in as low as almandine
zone and persists up to the sillimanite zone. Winchite first makes its appear-
ance in staurolite-kyanite zone and continues in higher grades in greater
abundance. Juddite has only been detected in sillimanite zone.

But this observation from restricted areas is not very significant and
does not preclude the possibility of the formation of blanfordite, brown man-
ganiferous pyroxene, winchite and juddite in low-grade metamorphic condi-
tions. Actually these minerals have been reported by Nayak (1961) from
Kajlidongri Manganese Mine, Jhabua District, which is essentially constituted
of low-grade metamorphic rocks though the possible role of pegmatite intrusives
in their formation has not been clearly brought out.

(iv) Among the primary manganese oxides in the gondites, braunite
appears in the lower grades of metamorphism and persists in the assemblages
of higher grades. This is because of the stability imparted to Mn?* by Sit+
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in the structure of braunite (Muan 19595). Jacobsite appears first in staurolite-
kyanite zone and vredenburgite, together with hollandite and braunite, are
constant associates of manganese silicates in gondites of sillimanite zones.
The formation of vredenburgite or the widmanstatten intergrowth jacobsite
and hausmanite due to exsolution at staurolite-kyanite and sillimanite zones
can be explained by applying the results of phase-equilibrium studies carried
out by Mason (1943) and Van Hook and Keith (1958).

(v) The manganese micas, manganophyllite and alurgite, have always
been observed to appear later than the manganese amphiboles.

(vi) The appearance of piedmontite in gondites is essentially connected
with the influx or availability of caleium carbonates in the form of calcite.
Piedmontites have certainly a low temperature of formation and they appear
very late in the sequence of crystallization, having replaced even the manganese
micas in gondites. They also form at the contact of manganese ores and
plagioclase felspars.

(vii) The supergene manganese oxide minerals, released from manganese
silicates and primary manganese oxides by surficial oxidation, are entirely
made up of pyrolusite and cryptomelane. They sometimes exhibit colloform
texture but there are also numerous instances where no textural indication
about their original form of derivation is available. Mookherjee’s (1961)
conclusion, that the manganesé ore minerals have been derived from the
gondites by colloidal process, may at least be partly,true with respect to these
supergene manganese oxides which always occur in negligible proportion.

ORIGIN OF THE (GONDITES

The mode of origin of the gondites can be deciphered by considering the
field and laboratory data collected so far about this unique and interesting
rock type. The pertinent data are as follows:

1. The gondites always occur in the field interbanded with pelitic
and psammitic schists and manganese ores and invariably
exhibit conformable relations with them. The structural atti-
tudes of gondites agree fully with those of the rocks enclosing
them, with whom the gondites are often co-folded.

2. The gondites are interbanded with unequivocal metasedimentary
rocks of the Sausar Series and hence belong to the same, original,
sedimentary sequence,

3. The gondites pass laterally into black quartzite and the bedded
ore deposits along the strike, which reflects a lateral compo-
sitional variation in the original sediments.

4. The gondites, as already stated, are confined to definite stratigraphic
horizons (Chorbaoli, Mansar and Lohangi zones) in the Sausar
Series.
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5. The gondites, within themselves, are often banded. Spessartite,
rhodonite, quartz and ore minerals concentrate in individual
bands. The banding, both within the gondite and between
gondite and other rocks, is always sharp.

6. No particular change or mineralogical reconstitution has been
observed at the contact of gondites with the rocks, dlscardlng
any possibility of igneous origin of the former. ;

7. Granoblastic texture, typically found in metamorphic rocks,
characterize the gondites.

8. The presence of manganese oxides and silicates and the complete
absence of manganese carbonate and sulfide in the gondites
show that the deposition of the original sediments took place
In an oxidizing condition.

9. A definite distinction between primary manganese oxide minerals
present in the gondites and the supergene oxides, formed by
the alteration of rhodonite and other manganese silicates, can
be made. The primary manganese oxides are braunite, bixbyite,
jacobsite, hollandite and vredenburgite, while the supergene
oxides are entirely pyrolusite and cryptomelane, the latter
being of negligible amount compared to the total bulk of the
primary manganese oxide minerals.

" From the above data, it may reasonably be concluded that the gondites
were originally laid down as syngenetic sediments along with the other members
of the Sausar Series and were later regionally metamorphosed. The different
grades of metamorphism suffered by the gondites can be assumed from the
grade of the enclosing pelitic schists and it has been found that the mineral
assemblage of the gondites varies with the rise in the intensity of metamorphism.

Fermor (1909) first suggested that the purely manganese sediments gave
rise to manganese ore bodies directly by metamorphism and the impure
manganiferous sediments gave rise to the gondites. He also postulated that
the manganese silicates constituting the gondites were later altered, in deep-
seated condition, to give rise to a considerable portion of the ore. Fermor
‘also discussed the chemical reactions that gave rise to this transformation of
manganese silicate into manganese oxides, chiefly represented, according to
him, by braunite and psilomelane. The reactions, suggested by Fermor,
are as follows:

(i) 11(3MnO . AL,Og . 38i0,) + 170 = 3(3Mn,0; . MnSiOy) + 11AL,0; + 4Mn,MaO, + 3080,
Spessartite Braunite Alumina Psilomelane Silica,

Rhodonite Oxygen Braunite Silica
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Straczek el al. (1956) also concluded that the gondites were originally
laid down as sediments and were subsequently regionally metamorphosed.
They concluded that the spessartite, rhodonite and other manganese silicates
formed only in the middle-grade metamorphic condition when metasomatic
reaction took place between manganese, silica, iron and alumina in pre-
existing braunite and fine-grained chert. They also observed that, with
increase in intensity of metamorphic conditions from middle to higher grade,
there was little apparent change in the mineralogy of the gondites. Straczek
et al. (1956) regarded Fermor’s -hypothesis of deep-seated reoxidation as
unnecessary.

The authors, while agreeing fully with Fermor (1909) that the gondites
have formed by metamorphism of impure manganiferous sediments, cannot
. accept the other part of his hypothesis that a major portion of the ore bodies
formed by deep-seated oxyalteration of the manganese silicates. The psilo-
melanes (actually cryptomelanes in most cases) are confined only within a
few feet from the surface in all the major deposits and do not continue at
depth. Moreover, everywhere they are found as secondary products of all
primary oxides of manganese and, therefore, they are only surficial weathering
products. The braunites also have never been detected as alteration products
of either spessartite or rhodonite or any other manganese silicate, and nowhere
in the Madhya Pradesh-Maharashtra belt do they occur alone or are accom-
panied by psilomelane only. In all ore deposits, braunite occurs as a member
of the primary mineral assemblage accompanied by bixbyite, hollandite, haus-
mannite, jacobsite or vredenburgite, according to the grade of metamorphism.
All these minerals, more or less, have a high temperature of formation and
manganese is in lower valence state. It is.also difficult to conceive how at
great depth sufficient oxygen was available to induce oxidation of manganese
silicates. Supposing spessartite and rhodonite are oxidized at depth, the
Mn2* in them would, in all probability, oxidize to the Mn** form and thus
the higher oxide phases of manganese only should have been left in preference
to the lower oxides.

The authors also cannot agree with the view of Straczek et al. (1956)
that (i) spessartite forms only in middle-grade condition after braunite, and
(ii) that all the manganese silicates formed later than the crystallization of
braunite by the combination of the latter with argillaceous impurities in.
middle-grade metamorphism. In many cases spessartite forms minute grains
scattered over a mosaic of quartz forming gondites and these gondites are
interbanded with thin and coarse bands of manganese ores. The banding
is mostly uniform and. there is no evidence of transgression, thus confirming
that there was no infiltration or migration of material from one band to the
other. Within gondites, sometimes, braunite and spessartite occur together,
where braunite is either in the interstices of spessartite showing that it formed
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later than spessartite or the two minerals are intimately intergrown exhibiting
a more or less simultaneous crystallization. Moreover, there are innumerable
occurrences showing that spessartites form at a very low-grade metamorphic
condition (chlorite-biotite zone) and is practically the first mineral to crystallize
among the manganese silicates and oxides with rise in metamorphic condition
(cf. Tilley 1923; Phillips 1928; Woodland 1938, 1939; Hutton 1940). Thus,
there is no reason to believe that the crystallization of spessartite was at all
deferred to middle-grade metamorphic condition, after the crystallization of
braunite. The authors also find no reason to believe that all other manganese
silicates including rhodonite formed only after the crystallization of braunite,
by the combination of the latter with argillaceous impurities. Braunite,
by itself, has a very stable structure with its Mn?* very well screened (Muan
19595) and it persists through all grades of metamorphism up to the sillimanite
zone. In fact, the Mn2* in braunite is better screened than Mn2* in rho-
donite and hence the structure of the former is much more stable than the
latter. As such there is less likelihood of the destruction of a very stable
structure and its combination with other materials to give rise to manganese
gilicates of less stable structure. It is easier to visualize formation of the
manganese silicates in gondite by metamorphism of impure manganese
sediments directly, independent of braunite or any other manganese oxides.

NOMENCLATURE OF (GONDITES AND THE APPLICABILITY OF THE
TerM TO KxowN WORLD OCCURRENCES

" In the preceding pages the gondites have been conclusively proved to
be originally syngenetic sediments later regionally metamorphosed. Such
metamorphosed manganiferous sediments have been reported from different
parts of the world including Minas Gerais, Bragzil (Dorr et al. 1956), Tiere,
French West Africa (Servant 1956), Otjosondu, S.W. Africa (De Villiers 1951;
Roper 1956), Madagascar (Boulanger 1956), Simsis, Finland (Hietanen
1938), Sierra Nevada, U.S.A. (Hewett ef al. 1956, 1961), Mount Brandnuten,
S. Norway (Westerveld 1961), S. Khingan, U.S.S.R. (Chebotarev 1960),
Central Kazakhstan (Maksimov 1960), Southern Ural, U.S.S.R. (Betekhtine
in Zvéreff 1953) and Ghana (Kitson and Junner 1927; Service 1943). In
most of these cases the term gondite has been universally used to denote any
* rock with spessartite or rhodonite or both with varying amount of quartz.
Such a conclusion, however, is too generalized and may lead to misconceptions.
Ag already stated, the term ° gondite ’ was first used by Fermor (1909) to denote
the metamorphic manganiferous protore of Madhya Pradesh and Maharashtra
and, therefore, these rocks with essential spessartite and quartz, with or without
other manganiferous silicates, are the type rocks denoted by the term gondite.
These gondites have been derived from non-calcareous, argillaceous and
aranaceous sediments, deposited in an apparently oxidizing environment.

I0
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Primary low temperature manganese oxides were thus laid down in the sedi-
ments in exclusion of manganese carbonate (rhodocrosite) and manganese
sulfide (alabandite). These higher oxides of manganese with predominant
Mnt* were converted by subsequent regional metamorphism to high tem-
perature lower oxides of manganese, such as braunite-bixbyite-hollandite-
hausmannite-jacobsite-vredenburgite assemblage which, along with the sili-
cates, form an essential part of the gondites. The formation and transfor-
mation of individual phases of these lower oxides are controlled by the tem-
perature accompanying the grade of metamorphism attained by the rocks. The
low temperature oxides, like cryptomelane and pyrolusite, are present in the
gondites only as secondary alteration products of primary manganese oxides
and silicates. Thus in the type gondite deposits of India, manganese is
present both as silicates and oxides, primary manganese carbonate or sulfide
being totally absent.

Straczek et al. (1956) first realized the importance of primary manganese
oxide minerals as essential constituents of the gondite and braunite was included
in the assemblage of essential minerals in gondite as it was almost invariably
found in the rock. The authors consider it worth while to modify the conten-
tion of Straczek et ol. slightly in that the mineralogy of manganese oxides in
gondites (as essential minerals) may vary according to the prevailing physico-
chemical conditions and in addition to the braunite, or in exclusion of it,
bixbyite, jacobsite, hausmannite, vredenburgite or holiandite may also be
present. '

Considering all these facts, the authors prefer to restrict the nomenclature
of the gondites in the following well-defined limits to prevent its inadvertent
use for each and every metamorphic manganiferous rock:

(i) The true gondite is a metamorphosed equivalent of non-calcareous,
manganiferous, aranaceous and argillaceous sediments and
consists of spessartite and quartz as essential mirnerals, very
often with rhodonite and occasionally with other manganese
silicates.

(i) Wherever manganese is in excess to that required for the formation
of the silicates, braunites or other high temperature primary
manganese oxides are present in the gondite. The actual
oxide phases formed will be dependent on the prevailing physico-
chemical conditions. ‘

(iii) The original manganiferous sediments must have been laid down in
oxidizing environment, facilitating formation of manganese
oxides in preference to manganese carbonates and sulfides.

On the basis of the above nomenclature, the published literature about
the different metamorphic manganese ore deposits of the world was critically

10B
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reviewed. It is thus seen that the protores of Madhya Pradesh-Maharashtra
(India), Otjosondu (S.W. Africa) and Mount Brandnuten (8. Norway) represent
true gonditic assemblage as, in addition to the manganese silicate minerals
like spessartite and rhodonite, high temperature lower oxides are also pre-
dominant in these protores. The manganiferous rocks of Nsuta deposit
(Ghana), Tiere (French West Africa), Simsié (Finland) and Madagascar
also conform generally to the nomenclature of the gondites, but the only
point of discrepancy is that no primary, high temperature lower oxides of
manganese are present in the rocks in spite of the abundant presence of low
temperature higher oxides. In this respect these deposits differ from the
group. The third type is characterized by the presence of high temperature
lower oxides of manganese, such as braunite, bixbyite, hausmannite, jacobsite
and vredenburgite, without corresponding manganese silicates or carbonates.
The Postmasburg-Thabizambi deposits of South Africa are of this type. The
fourth type of metamorphic manganese protore represents the mixed manganese
silicate-carbonate with little or no primary manganese oxide. This protore,
developed in Minas Gerais, Brazil, is characterized by carbonate (rhodocrosite)
and sulfide of manganese (alabandite) and the manganiferous sediments were
originally deposited in a reducing environment causing the precipitation of
manganese carbonates and sulfides in place of manganese oxides. Dorr
et ol. (1956) concluded from the widespread presence of graphite and alabandite
that a depositional condition of negative El and pH around 7 in an euxinic
environment was prevalent at the time of formation of the syngenetic sedi-
ments. Krumbein and Garrels (1952) have shown that, under equilibrium
conditions and over a considerable range of natural conditions, manganese
sulfides and oxides are incompatible sediments being separated by a field of
manganese carbonate. Thus the assemblage of rhodocrosite, alabandite and
graphite on a large scale indicates that the depositional environment was not
such as to allow the precipitation of manganese oxides as syngenetic sediments.
This protore, thus, cannot be considered under the gonditic type, though Dorr
et al. (1956) have used this term to represent the assemblage. The mangani-
ferous rocks of Sierra Nevada, U.S.A., also belong to a manganese silicate-
carbonate protore where Hewett ef al. (1961) described a mineral assemblage
containing rhodonite, spessartite, tephroite, piedmontite, rhodocrosite, bemen-
tite and neotocite. No high temperature manganese oxide (except minor
hausmannite) has been reported from the area. This manganiferous formation
was originally deposited as chemical sediment in the form of carbonate or
manganiferous silica ‘gel’ or colloid or often as a mixture of the two (Hewett
et al. 1961). These sediments were later metamorphosed to a high grade
leading to the formation of not only spessartite and rhodonite but also to
tephroite, though due to the paucity of manganese oxides in syngenetic
sediments high temperature oxides (except minor hausmannite) were not
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formed. Similarly the manganiferous protore of Serra do Navio, Federal
territory of Amapa, Brazil, has also recently been proved by Nagell (1962)
to belong to the originally impure manganese carbonate protore, with enriched
portions of silica and alumina at places. The rocks, subjected to high—gradé
metamorphism of amphibolite facies, are interlayered with graphitic and
aranaceous metasediments. Manganese sulfide, alabandite, accompanied by
other sulfides, are also common. High temperature manganese oxides are
typically absent, though low temperature higher oxides are abundant. All
these point out to the depositional environment of low redox potential in a
basin of restricted circulation. Nagell (1962) has differentiated between gon-
ditic protore and pure carbonate protore at Serra do Navio, though the former
does not strictly fulfil the nomenclature as drawn from Indian gondites.

The manganese deposits of South Khingan, U.8.S.R., have been correlated
to the Brazilian type being mainly of silicate-carbonate assemblage (Chebotarev
1960). The other sedimentary-metamorphic manganese ore deposits at
Karadzhal, Central Kazakhstan and S. Ural are also considered to be of this
type. But in these Russian deposits high temperature lower oxides of man-
ganese, such as braunite, jacobsite and hausmannite, are abundantly present,
while alabandite and graphite are absent. This difference in mineralogical
assemblage of the Brazilian ores apparently points out to a low enough redox
potential at the time of original sedimentation of the Russian deposits to
precipitate rhodocrosite, but the depositional environment was not enough
reduced to permit the formation of alabandite or graphite. In fact, in all
probability, the Russian deposits originally formed at such Eh and pH con-
dition that the precipitation followed the bordering zone of the fields of
manganese carbonate and oxide rather than the fields of carbonate and sulfides
as was apparently the case with the Brazilian deposits. Under the circum-
stances the authors consider the Russian deposits discussed above to be of
intermediate type between the silicate-oxide protore of gonditic type and the
silicate-carbonate protore of Brazilian type. '

Thus it is possible to recognize two different types of metamorphosed
manganiferous rocks, one, the gonditic type characterized by manganese
silicates and primary lower oxides of manganese, originally deposited in
oxidizing environment as syngenetic non-calcareous sediments; and, the
other, the Brazilian type, with manganese silicates, carbonates and sulfides
but without primary lower oxides of manganese, that were originally deposited
as syngenetic sediments in reducing environment. The intermediate members
between these types are represented by the Russian deposits at S. Khingan,
Central Kazakhstan and S. Ural, which bridge the gap between these two

types.
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