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ON THE AGE AND CONTINUATION .« DEPTH OF THE
MANGANESE-ORES OF THE NAGPUR-BALAGHAT AREA,
CENTRAL PROVINCES. BY L. LEIGH FERMOR,

' A.RS.M., DSc., F.GS, Superintendent, Geological

Survey of India. (With Plates 1 10 3.)

N Memoirs, Geologieal  Survey of India, XXXVIL {1909),
Chapters X1V to XVIIL, I have discussed somewhat fully the
origin ©of the manganese-ore deposits found in association with the
rocks of the gondite serics (gondite being spessal‘tite-quartz-rock).
The rocks of this series have been found in the following provinces,
reading from west to oagt :==Bombay, Central
”gzslt‘;“’s“::i"e:. of the 7, 1ia, Central Provinces, and Bengal; and pro-
pably in Rajputana also. The chief development
of the series is in the Nagpur-Balaghat area of the Central Provinces,
comprising the districts of Chhindwara, Seoni, Nagpur, Bhandara, and
Balagbat ; and it is from this area that most of the facts used in this
discussion art derived. The conclusions given on pages 364 and 365 of
the work cited, as to the origin of the gondite

rigin of the series. . .
Orlgt series and the associated mangancse-ores, are re-

peated here to save lengthy explanations :—

Conclusions as to the Origin of the Gondite Series and the
Assoctated Manganese-ores.
have arrived in the foregoing pages are much more spen

the origin of the ores of the kodurite serics, the reason
B

The conclusions at which I
to doubt than those regarding
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being the smaller amount of evidence obtained. The points that may he considere?
fairly certain are the following :—

1. The rocks of the gondite series are the product of the metamorphism of the
less pure manganiferous sediments of Dhiwwér age, the metamorphism
of these sediments having taken place towards the end of the Dharwar
period.

2. A portion of the ores has been formed directly by the compression of tht
purest of the original manganese-oside sediments. h

3. Another portion of the ores has been formed by the subsequent alteration of
the manganese-silicates produced by the above-mentioned metamorphism.

The points that are to be considered as more doubtful are put forth below. Even
if they do not express the whole truth, T believe that they form an approxim;xtiun to
it ; any way, together with the points given above, they form a workine h_‘,'p.ut.husis that
will suggest to a future geologist the evidence to look for in trying to ;)ut the theory as
to the origin of these manganese-ore deposits on a sarer footing. il

4. The ores formed by the alteration of the rocks of the gondite series were
formed .by a combined decomposition and replacement of the gondite,
spessartite-rock, or rhodonite-rock, as the case may be.

5. The alteration of manganese silicates to manganese-ores took place at the
close of. the Dhirwér period of folding, and hence in Archisan times.

6. The a.ltcmtlfm took place at considerable depths, so that, taken in conjunc-
tion with the supp(?sntion that a portion of the ores ure merely com-
pressed manganesc-oxide sediments, workable manganese-ores may be
expec‘tcd toh extend in some places to as greata depth as the rocks of the
gondite series.

7. The alﬁcmtion was due to the attack on the mabganese-silicate-rocks by
waters containing either carbon dioxide or ie aci

sulphuric 0~
bably the former ; and also oxygen. ? weld, more pr

8. The cfn'bon dl(?xi'de may have been a portion of that liberated in the conver-
sion of orxgmal‘xmpure calcareous sediments into the quartz-pyroxene-
fll:elsses of. thlsfa\'ea ; and the oxygen a portion of that liberated in

e conversion of original impure manganiferous i s i
mauganese-silicate-rocks. rediments into the

9. A small proportion of softish and more or less porous ore has been formed

since the rocks of the gondite series were
; t : expused
is probably still being formed. Posed at the surface, sad

The primary olject of this paper is to show that the majority of the

Objects of this paper. Ifnangangse-ores of the Central Provinces! were
ormed in Archxan times; the word Archaan

! Manganese-ores are found in other parts of the Central Provinces besides the
Nagpur-Balaghat arca, eg., in the Jubbulpore district ; butin this pa csx'I li the
Central Provinces is meant the gonditic area, or Nagpur-Balaghat f:re?: ofy the
province. g

Paxr 1.] Feryon: dge and Deplh of C. P. Mangancse=ores. 3

being used, inthe sense proposed hy Sir Thomas Tolland,! to include

“the rocks below what he calls the great Eparchean Unconformity,
.3, to include not only the most ancient erystallines, but also the
Dhirwirs, and the gneissose granites, pegmatites, and other igneous
rocks of post-Dhérwér age that are not intrusive with regard to the
division of the pre-Cambrian rocks, known as the Puranas, lying above
the Eparchwan Unconformity.

The secondary object is to indicate that, in all probability, these Ar-
chwan ores were formed at some depth helow the earth’s surface and
not by any method of superficial replacement or concentration ; so that
the present position of the surface hears no particular relation to the
depth to which the eres extend.

Now the larger portion of the manganese-ores of the Central Pro-
vinees has probably been formed in the ways speci-
fied above in conclusions 2 and 3, those formed
according to conclusion 9 being of little import-
ance. That the ores formed by method 2 are of Archzan age needs no
further proof here, since they must have heen formed at the same time
as the associated manganesc-silicate-rocks (sce conclusion 1).  But that
the formation of the ores proiduced according to method 3 took place
in Archwman times by no means follows.

The difficulty is that at present there seams to be no way of deter-
mining what proportions of the ores ave to he uscrih’:d’ to n.lenlmds 2 and
3, respectively. In. many cases whcrc' the ores contzu.n rcsul'ual patches
of gondite, spcssartltc-rock, or thodonitc-rock, the evidence is very clear

Ores formed in two
ways.

that the ore has been formed by the chemical alteration, accompanied by
l-eplacement, of the manganese—mh«:atc-r«n:'ks.. But in cascs 'wherc the
magses of ore are pure and homosgeneous, it is often impossible to say
whether the ore has been formed by the sompletion of the process of al-
teration and replacement of the manganese-silicate-rocks (method 3), or
whether we are dealing with masses of ore formed by the direct com-
pression of original manganese-oxide sediments (method 2). ould it
be shown that the largor proportion of the ores has been formed by me-
thod 2, the determination of the age of those formed by method 3
would be of much less importance. But this ecannot be shown, and
therefore the determination of the time of conversion of manganese-
gilicate-rock to manganesc-ore—i.c., the establishment or overthrow of
conclusion 5 on page 2, becomes a matter of importance,

U Prans, Min. Geol. Inst. Ind., T, p. 47, (1906).
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