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ABSTRACT

-The Gumgaon-Ramdongri mine area, situated in Nagpur District, Maharashtra, is a well.
known manganese ore producing area in India. The manganese ores of this area are associated
with metamorphic rocks of different types, particularly the gondites, and are themselves meta-
morphosed manganiferous sediments. The minéralogy, texture and paragenesis of these manga-
nese ores have been studied in detail and the results obtained thereof have been submitted in this
paper. The ores can be broadly divided into two types, metamorphic and colloidal. The meta-
morphic ores are characterized by braunite-free, hausmannite-free, jacobsite-vredenburgite-
hematite assemblage of ore minerals whereas cryptomelane-manganite-pyrolusite mineral as-
semblage is due to later colloidal influx in the metamorphic ores. Cryptomelane and pyrolusite
have also been formed widely at the expense of practically all primary minerals in the suite by
supergene processes. After careful assessment of textural and physico-chemical data, the
paragenesis of the ore minerals has been drawn up and presented-in tabular form in this paper.

INTRODUCTION

The Gumgaon-Ramdongri mine area is situated in Nagpur District in the newly
formed state of Maharashtra (see location map) and has been a well-known manga.-
nese ore producing area since the beginning of this century. - Originally described in
detail by Fermor (1809), this area was mapped by Mookherjee in 1954. Mookherjee
(1958) has also published an account of the mineralogy and paragenesis of the gondi-
tic rocks and associated ore bodies of this region.

The area under consideration in this paper is covered by two principal mmmg
areas, the Gumgaon mines to the S-W and Ramdongri group of mines to the N-E
of the Kanhan river (location map). In the Gumgaon mine the principal rock types
encountered are gondites, fine grained garnet-sillimanite schists, ‘mica-sillimanite
schists, micaceous and feldspathic quartzites, ete. ‘There are three well-defined ore
bands or ‘reefs’. The main reef has an approximate thickness varying from forty
to fifty feet. The two other subsidiary reefs are on either side of the main reef, to
the north and south of it. The Gumgaon mine affords ample evidence of large-scale
tectonic movements and excellent sections of folds and faults.can easily be traced on
the mine face. A major fault of approximately-1,500 feet extension, with a throw of
about 75 feet, has cut across practically all the rock types and the ore at the heart, of
the main quarry. A number of pegmiatite dikes have also traversed the ores. The
Ramdongri group of mines, characterized by three major ore bands, (1) the southern
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band, (ii) the central band and (iii) the northern band, has the similar type of geo-
logic environments as the Gumgaon mine area.

MINERALOGY OF THE ORES

Mookherjee (1958) was the first worker who studied the mineralogy of the man-
ganese ores of Gumgaon-Ramdongri mine area and suggested the paragenesis of the
ores and the associated gondites. * He identified hollandite, vredenburgite, free

b2 4d Jo*
. Seons PN
o Chburrdvang :
25— . oze ) —22¢
< 9
- e .
g S “, K v
e Belogpal
) W’n’/ &
- { Wares
N PN |
¢ nt 2
i . 258
:- - s 7 N
S ) ol fo 5N, o ~1
. 7 e ) S
Q ’ “
’ )
‘o.r -y 9, ,“.-
Remtes Tumnsar o - .
> “ s
. ~ h
KAMPLEL e trree ) /
NAGA/R AA AN DARA ,”°
]
. \
J 8 4 o 4
e L f A { If ﬁhl‘l‘
2/ ] i ¢ 2
b [-Lad

Map showing location of the mejor manganese ore deposits of Madhya Pradesh and
Maharashtra, India. (After Straczek ef ol., 1956.)

List or DEroOSITS

Clhindwara District 7. Mansar 13. North Tirodi
1. Kachidhana - Bhandara District 14, Ramrama
2. Gowari Wadhona 8. Dongari Buzurg 15. Shodan Hurki
Nagpur District 9. Chikhla 16. Gulahurkinetra
3. Kodegaon 10. Sitasaongi 17. Bharweli
4. Gumgaon Balaghat District 18. Laugur
5. . Ramdongri 11. - Sitapathor-Sukri 19. Jagantola-Ghondi
6. Kandri 12. South Tirodi 20." Ukwa.

hausmannite, braunite, manganite, pyrolusite and psilomelane by the study of
polished sections of ores and gondites under the reflecting microscope. Besides this
work by Mookherjee, no other published data on ‘the mineralogy and paragenesis of
the manganese ores from this region is available.

The present author attempted a systematic. study of the mineralogy, texture
and paragenesis of the manganese ores of Gumgaon-Ramdongri mine area. System-
atic collections of manganese ore were made from all the quarries and known deposits

.of the area and polished sections of these ores were studied under the reflecting
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microscopé. Etch reactions and actual measurement of reflecting power of the ore
minerals by Berek’s slit microphotometer were done. For confirmation of the
specific identification of the different ore minerals under the microscope, powder was
scooped.out of all the minerals and X-ray powder analysis was done. The results of
the microscopic. studies of ore minerals are outlined in Table I and the X-ray data
are given in Table II.
Tasie II
Measured ‘d’ values of different manganese minerals of the Gumgaon-Ramdongri mine area
Fe/Mn Rodiation

Braunite Jacobsite Hausmannite| Manganite |Cryptomelane| Pyrolusite
d(A) 1 d(A) I | ady | T4 ady {11 aA) | 1] ad) I
471 2 4-91 4| 491 5| 340 | 10| 694 5| 311 10
412 2* | 2.998 6| 307 71 315 1| 490 61 253 1
3-49 3 2:565 10 | 287 3] 263 5| 4119 | 1| 240 | 5
312 3* | 2125 2| 276 8 | 2.51 2! 311 j10| 211 | 4
271 |10 1-786 5| 238 | 1o 240 5] 244 3| 198 ‘ 3
2.49 1 1-6368 6] 235 4| 227 6| 2396 | 5 162 | 5
2-40 1* | 1-5039 8| 204 3{ 219 3| 2191 ; 1| 156 | 7
2:34 5 1-2957 21 1-83 2| 178 71 2156 | 3| 143 3
2:14 5 1-79 2! 170 2| 192 2| 139 3
2:03 7* 1-71 21 167 8| 1834 | 5| 130 3
1-87 3 1-64 21 1-64 2. 1637 | 2
1-80 3 1-56 4! 150 4| 153 3
1-74 3 154 5| 143 21 135 3
1-66 9 } 1-46 1| 132 3
1-54 3 144 4
1.50 3
1-47 3 :

1-42 6
1-37 1
1-35 1

* Extra lines.

During the above investigations, the following minerals have been conclusively
identified : ‘ ’

Braunite, free hausmannite, free jacobsite, vredenburgite, manganite, pyrolu-
site, cryptomelane and hematite. No hollandite, as described by Mookherjee (1958),
could be identified with certainty either under the microscope or by X-ray powder
analysis. . All the possible psilomelanes, spotted under the microscope, yielded lines
of cryptomelane on X-ray powder analysis and no true psilomelane was detected.
Both the coarse and fine grained pyrolusite, including those replacing mangarite
pseudomorphically, yielded identical powder patterns and all of them, thus, were
grouped under pyrolusite and the name polianite was not considered (cf.“Strunz
1943). Jacobsite and hausmannite occur both as individual free grains as also
crystallographic intergrowths giving rise to vredenburgite. The cell dimension of
different types of jacobsite was measured and it varied from a = 85074 to a =
8464 in the case of free jacobsites and those in intergrowth with hausmannite in
vredenburgite respectively.
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TEXTURAL RELATIONSHIP OF THE ORE MINERALS

Interesting textural relationships among the ore minerals of Gumgaon-Ram-
dongri mine area have been observed by the author, and the data obtained from
this investigation could be very effectively employed to determine the sequenge of
crystallization of the minerals. Mookherjee (1958), in the course of suggesting the
paragenesis of the minerals in the gondites and the associated ore bands of this area,
concluded that the earliest formed manganese oxides were hollandite, vredenburgite
and free hausmannite and they were followed by braunite which, according to him,
was definitely of later origin. The present author, however, did not come across
any textural evidence to confirm such a sequence; on the contrary braunite has
been recorded, in all the polished sections studied, to be the earliest manganese oxide
to crystallize. Vredenburgite has been spotted in many sections, particularly from
the Ramdongri deposits, and this two phase mixture (widmanstatten intergrowth of
iacobsite and hausmannite, Figs. 5 and 10) almost invariably occurs as interstitial
bodies in earlier formed braunite, sometimes embaying the latter (Figs. 9 and 10).
Such interstitial nature of vredenburgite has also been recorded by the author from
different manganese deposits of metamorphic derivation (Roy 1957, 1960). Free
jacobsite ocecurs as irregularly oriented needles and grains in quartz gangue (Fig. 3)
as also in association with other manganese minerals. Wherever braunite occurs in
asgociation with free jacobsite, the former is invariably included in the latter (Fig. 2).
Hausmannite occurs either as oriented lamellae in the (111) direction of jacobsite to
form vredenburgite (Figs. 5, 6 and 10) or as free individual grains extending outside
the vredenburgite and replacing braunite (Fig. 6). The free hausmannite is related
to the exsolved hausmannite in jacobsite and has been formed simultaneously.
Hematite has been detected only in association with jacobsite which it replaces. In
addition to this assemblage of braunite-jacobsite-hausmannite-(vredenburgite)-
hematite, which are representatives of metamorphosed manganiferous sediments,
another assemblage of colloidal origin has also been detected at Ramdongri. Man-
ganite-cryptomelane-pyrolusite exhibit colloform texture and apparently crystal-
lized from colloidal gel that invaded the metamorphic ores and the associated rocks in
normal pressure temperature conditions and occupied the available cavities, vugs
and pore spaces. Cryptomelane, associated with colloidal silica, exhibits collo-
form texture (Fig. 11), and it has been noted that the convex side of these colloform
bands face the earlier metamorphic manganese minerals. After consolidation and
solidification of this colloidal gel, cryptomelane crystallized as very fine grained,
frequently compactly banded mineral, while manganite and pyrolusite crystallized
as needles and laths oriented perpendicular to the vug or fracture walls (Fig. 4) or
the boundaries of the compact fine grained cryptomelane (Fig. 12). Manganite
and pyrolusite tend to crystallize in the interstitial gpaces or cavities of cryptomelane.
Pyrolusite has also been detected to occupy the shrinkage cracks developed in collo-
form cryptomelane.

Both the metamorphic and the low temperature colloidal ores have undergone
weathering and supergene alteration. Pyrolusite and cryptomelane have freely
replaced jacobsite (Figs. 1 and 8), braunite (Fig. 7) and all other manganese minerals
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¥ic. 1. Free jacobsite altered to supergene cryptomelane., Cryptomelane etched black by
8nCl, (Sat.) and Jacobsite wnetched. % 170.

Fi16. 2. Grains of braunite {B) included in free jacobsite (J). X200,
Fra. 3. Needles and graing of jacobsite scattered in quartz gangue (dark grey). X 170.
Fia. 4. Manganite (M) as fracturo filling in cryptomelane. Section etched by dilute SnCl,.

x 170.
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Fic. 5. Vredenburgite exhibiting widmanstatten intergrowth of hausmannite (lamellae etched
by SnCl,; Sat.) and jacobsite. Qilimmersion. X 1,200,

F16. 6. Free hausmannite (H) segregated from vredenburgite (V) has replaced braunite. . Oil
immersion, X 1,200

Fia. 7. Braunite (B) replaced by pyrolusite {Py) (etched by HaO0p-+-H80,). % 100.

F1c. 8. Free jacobsite (J) replaced irregularly by pyrolusite. X 100.
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¥i1g. 9. Braunite (B) embayed by interstitial vredenburgite (V#). X 100,
Fire. 10. Colloform texture exhibited by cryptomelane (white) and silica (grey). x 200,
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¥1e. 11. Big isolated grains of pyrolusite (Py) scattecred in cryptomelane ((7). These hav
crystallized from colloidal gel. % 300.
Fic. 12. Pyrolusite and manganite noedles as vug fillings in cryptomelane (Cr). % 300.
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of the suite. Colloidal manganite has also been replaced pseudomorphically by
_ pyrolusite.

ParAGENESIS OF ORE MINERALS

Mookherjee (1958) suggested that hollandite, vredenburgite and free haus-
mannite crystallized simultaneously as the earliest minerals in the suite and thev
were followed by braunite, manganite, pyrolusite and psilomelane. But, as alreadsr
stated, the textural relationships observed by the author suggest a different sequence
of crystallization. Braunite, which has not replaced or invaded any other mineral
of the suite, was evidently the first manganese mineral to crystallize. It was followed
by the mixed mineral vredenburgite, which under decreasing Ppressure-temperature
condition was split into two phases, hausmannite exsolved in the octahedral direc-
tions of jacobsite. That vredenburgite is later than braunite is evident by the pres-
ence of the former only in the interstitial spaces of the latter. Free jacobsite occurs
only in one band of the Ramdongri mine and its cell dimension (z = 8-5074) indi-
cates that it contains a fairly high amount of manganese in solid solution (cf. Mason
1943). The absence of exsolution lamellae of hausmannite in these jacobsites cannot
be easily explained, the probable cause may be lack of proper temperature to effect
exsolution. The free jacobsite also is later than braunite and roughly contem-
poraneous with the vredenburgite. The free hausmannite is genetically connected
with the exsolved hausmannite lamellae in jacobsite and might have segregated
outside the grain boundary of the original jacobsite host, and replaced the associated
braunite. Hematite is present only in the metamorphic ores and it replaces the
free jacobsite. Therefore hematite is the youngest mineral to crystallize in that
assemblage.

The colloidal influx is of much later age than the metamorphic ores and the
three minerals cryptomelane, pyrolusite and manganite started crystallizing at
about the same time though apparently pyrolusitc and manganite continued beyond
cryptomelane filling the cavities and vug spaces left by the latter. Supergenc
cryptomelane and pyrolusite, which replace all the minerals of metamorphic and
colloidal derivation, are the last in the sequence of formation.

The paragenesis of the ore minerals of Gumgaon-Ramdonugri mine area thus

stands as follows:—
TaBLE IIT

Time

Braunite ——-—u

Jacobsite e
Hausmannite

Hematite —
Cryptomelane

Manganite

Pyrolusite

’ ‘Metamorphic Ores Colloidal Ores Supergene Ores
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