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Abstract

The Palaeoproterozoic basins across the world demonstrate oxygenation of
oceans and these have resulted in extensive blanket deposits of Manganese and
Phosphorite in various parts of world and also in India. Bijawar basin is one
such basin in India which exhibits rich phosphatic deposits of chemogenic
origin. The authors have worked in the southwestern part of the Bijawar basi-
nal sediments, in parts of Barwah-Harda Inlier and collected some field evi-
dences suggesting fluctuating geochemical characters of the Proterozoic ocean
within the same basin.
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1. Introduction

Sedimentary rocks serve as an evidence of the geo-environmental changes and
evolution of basin eventually revealing the earth’s evolution. The chemogenic sed-
iments act as a direct evidence of the global oceanic conditions while the clastic
sediments give insights into the paleogeography and tectonic changes. Paleopro-
terozoic sedimentary basins record major geochemical shifts driven by progres-
sive, yet fluctuating, oxygenation of Earth’s surface and oceans. The sequential
deposition of iron (Fe), manganese (Mn) and phosphorous (P), highlights dy-
namic redox gradients, shifting marine nutrient cycles, and evolving atmospheric
0, levels between 2.5 and 1.8 billion years ago. Hence, the sedimentary records of

iron, manganese, and phosphorus, as well as other trace elements in the Precam-
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brian successions provide critical insights into the evolving redox structure and
chemical composition of Earth’s early oceans [1]-[6]. These elements, though of-
ten spatiotemporally co-deposited, respond differently to changes in oxygen and
sulfur availability due to their distinct redox couples and mineral affinities [7]-[9].
Iron and manganese exhibit markedly different behaviours under fluctuating re-
dox conditions [7] [10]. Phosphorus behaves differently, still it is not redox-sen-
sitive in itself but is closely coupled to the Fe and Mn cycles through adsorption
onto or co-precipitation with metal oxy hydroxides [11] [12].

Sedimentary phosphorite deposits constitute 80% of the world’s phosphate re-
sources [13] [14] that are crucial for agriculture and food security, animal nutri-
tion, industrial applications including potential sources of rare earth elements.
Deep-ocean upwelling is the key mechanism for the formation of phosphorites.
They first appeared ca. 2.0 Gyr ago, suggesting a genetic linkage to the global bio-
geochemical changes that transpired during the early Paleoproterozoic, such as
the Great Oxidation Episode (GOE) [15] [16], carbon isotope excursions, and gla-
ciations. The earlier assumption of progressive oxygenation of the atmosphere
through the Proterozoic has also undergone significant revision, with the recog-
nition of the great oxygenation event [17] [18] that occurred during the Archean-
Proterozoic transition. The earliest known sedimentary phosphorites date back to
the end of the Lomagundi carbon isotope excursion at ca. 2.06 Ga, shortly after
the GOE, and ca. 1.88 Ga [19] [20]. The GOE significantly altered the redox state
of Earth’s surface environments, including the atmosphere and shallow oceans
[15] [21]. The increase in atmospheric oxygen following the GOE enhanced oxi-
dative weathering of redox-sensitive elements such as iron (Fe), uranium (U), and
manganese (Mn), which were transported and eventually precipitated in marine
basins. Oxygenation also stimulated biological activity, increasing organic produc-
tivity [22] and facilitating phosphorite formation through microbial and diage-
netic processing of organic matter in deep-water settings.

India depends on imports for roughly 90% of its phosphate consumption. Do-
mestic production is restricted to Rajasthan and Madhya Pradesh, meeting only
10% - 15% of the total demand, which necessitates heavy imports of raw rock
phosphate, phosphoric acid, and finished fertilizers. India holds limited reserves
of phosphorite with total resources of rock phosphate, placed at over 311.25 mil-
lion tonnes, out of which proved and probable reserves constitute only about 30.87
million tonnes, while the rest fall into the “remaining resources” category requir-
ing extensive processing [23] (IBM Year book 2024). Geographically, the rock
phosphate deposits are distributed in Jharkhand (34%) Rajasthan (30%) (Primar-
ily Jhamakotra deposit), Madhya Pradesh (19%) (Hirapur region) and Uttrakhand
8% [23] (IBMY 2024).

Numerous sedimentary basins containing phosphorite deposits have been iden-
tified across the country, as evidenced by various studies [24]-[32]. These basins
hold major low-to-medium grade phosphorite (rock phosphate) deposits distrib-

uted across ancient sedimentary and marine basins, including the Aravalli basin
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in Rajasthan, Bijawar Basin in Madhya Pradesh, Sonrai Basin in Uttar Pradesh,
Mussoorie Syncline in Uttarakhand, Cuddapah basin in Andhra Pradesh and
Cauvery basin in Tamil nadu. Among these basins, Cuddapah basin is a Protero-
zoic basin, Aravalli and Bijawar basin are Palaeoproterooic basins whereas the
Mussoorie syncline is the youngest basin of Tertiary age.

The origin of Paleoproterozoic phosphorite deposits in the Aravalli Basin (Ra-
jasthan/Madhya Pradesh) and the Bijawar Basin (Madhya Pradesh/Uttar Pradesh)
represents some of the earliest global phosphogenic events in Earth’s history.
While both deposits formed around 2.0 to 1.9 Ga, their genetic mechanisms differ
significantly: the Aravalli deposits are primarily biogenic (microbial) in origin,
whereas the Bijawar deposits are predominantly chemogenic (inorganic) [33].
The Aravalli Supergroup hosts massive rock phosphate deposits, most notably the
Jhamarkotra, Matoon, Kanpur, and Sallopat deposits around Udaipur, Rajasthan
[27]. Overlying Archaean Bundelkhand Granite Gneiss Complex, the Gwalior and
Bijawar Groups of rocks represent two Palaeoproterozoic basin successions which,
despite their common sediment provenance and analogous rift-related tectonic
setup, record more dissimilarity in their sedimentation pattern than similarity.
Whereas early sedimentation in the Gwalior Basin is clastic, the early Bijawar sed-
imentation is dominantly chemogenic (limestone and chert) except for an early,
restricted volcano-clastic record. Although both of the basins record syn-deposi-
tional volcanic/volcaniclastic event(s) in the form of occurrence of basaltic and
basaltic-andesite sills encased within their respective basin fills, the occurrence of
iron formation in the later part of Gwalior sedimentation history and its absence
in the Bijawar succession is related to variable oxidation conditions in the water
columns of the two basins. Rising sea-level and upwelling on the continental mar-
gins of these two rift-related basins possibly generated different water chemistries;
these allowed the deposition of iron formation in the Gwalior Basin and phospho-
rite in the Bijawar Basin. Effects of post-depositional digenetic re-crystallization
are noticed within both iron formation and phosphorite deposits present in the
basin successions [34]. Therefore, in this study, field evidence, mineralogical, and
geochemical data approaches were used to link these elemental cycles to the co-
evolution of ocean chemistry, biological productivity, and atmospheric oxygen,

highlighting remaining uncertainties and future research directions.

2. Geological Background

The Archaean Bundelkhand Craton is surrounded by a string of Palaeoprotero-
zoic basins, viz. Bijawar, Gwalior and Sonrai basins, that record pre-Vindhyan
sedimentation history in north Indian craton. The ENE-WSW-trending Bijawar
Basin (c. 1200 sq-km in aerial extent) occurs on the southeastern margin whereas,
the east-west-trending Gwalior Basin (c. 2000 km? in aerial extent) occurs on the
north western margin of the Craton respectively (Figure 1(a)). Rocks of both of
these basins are overlain unconformably by the late Palaeoproterozoic-Mesopro-

terozoic Vindhyan Supergroup of sediments [35] [36]. The term “Bijawar” was
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coined by Medlicot (1859) [37], is a broad synclinorium, extending ENE-WSW
direction for about 80 km length, with its western part representing maximum
width that is gradually decreasing towards east [38]-[40]. Based on the Rb-Sr da-
ting of Kurat and Dargawan volcanics (1691 + 180 and 1789 + 21 Ma, respectively)
of the Bijawar group [41] and the procellanites (1630 Ma) of the overlying Vin-
dhyan Supergroup [42] [43], a Paleoproterozoic age has been assigned to the Bi-
jawar Group. The rock sequence of the Bijawar group is well exposed in the Sagar
and Chattarpur district of Madhya Pradesh (M.P.), India (Figure 1(b)). They
comprise a volcano-sedimentary rock sequence consisting of conglomerate, car-
bonate rocks, sandstone, shale, and phosphorite rocks with some mafic intrusions
[44]. There is an uneven distribution of phosphorite deposition within the Bijawar
sediments. Perhaps the best documented part is located at Hirapur in Chhatarpur
& Sagar districts of M.P whereas the south western part of the Bijawars, ie,
around Barwah-Harda inlier in Khargone district, documents lithotypes equiva-
lent to Bijawars with minor phosphorite occurrence as evidenced from the present
study (Figure 2).

The typical lithostratigraphic succession of the Bijawar group of rocks is devel-
oped in the vicinity of the Hirapur phosphorite deposit while it extends for 80km
in east west direction. The western most part is the thickest while the eastern most
part is the thinnest and largely covered by Deccan trap and upper Vindhyan sed-

iments.

3. Methodology

The study involves collecting the field evidence, mineralogical, and geochemical
data to record the geological pattern, mineralisation intensity in different parts of
the Barwah-Harda inlier. The authors had carried out the study as a field season
programme of Geological survey of India, FS 2013-14. The geochemical results of
P,Os (n = 39) and MnO (n = 20) in this paper is taken for selective area where
certain enrichment pattern was observed, however, the petrochemical data refer
in this paper is taken from Jauhari et al, 2021 [45] collected in the area during
subsequent years. These data were used to link these elemental cycles to the co-
evolution of ocean chemistry, biological productivity, and atmospheric oxygen,
highlighting remaining uncertainties and future research directions, through con-
dultation of literatures on Phosphorite mineralisation in Bijawar Basin and its
equivalent Barwah-Harda inlier. The samples collected were mostly channel sam-
ples (1.0 m sample interval), were collected for P,Os analysis from 1.5 KM south
east of Modri village, whereas for MnO, samples were collected from 1.5 km west
and 600 m north of Nandiya village. The samples were pulverized up to 120-mesh
size and all the adequate precautions were adapted to avoid anthropogenic con-
tamination. These samples were analysed using the M/S Analytical, X-Ray Fluo-
rescence Spectrometer at Chemical Laboratory of GSI. The precision of XRF for
major oxide data is +5%. The standards GSR-1M were used for routine calibration

and quantification. The P,Os and MnO content of the samples and petrochemical
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analysis have been presented in Tables 1-3 respectively.
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Figure 1. (a) Relative geographical position of the Bijawar basin with respect to Bundel-
khand craton in India; (b) Geological map of the Bijawar basin (modified after Kumar et
al,1990, Chakraborty et al, 2015).

4. Brief Geological Set up of the Barwa-Harda Inlier

A group of rocks, very similar to the sedimentary rocks of Bijawar type area are
exposed and studied in Barwah and Harda and are termed as Harda Inlier, equiv-
alent to that of Bijawars and mainly, consists of chert breccia, quartzite, cherty
limestone, dolomitic limestone (stromatolitic) and clay. This Precambrian inlier,
located in the Narmada valley of central India contains the southernmost expo-
sures of the Vindhyanchal Basin [46] [47]. The isolated Harda Inlier (also known
as the Dhar Forest Inlier) in the central Narmada valley of Madhya Pradesh ex-
poses an isolated window of Precambrian basement rocks and Paleoproterozoic
sequences surrounded by younger Vindhyan sediments and Deccan Trap basalts.
The inlier is located towards south western part of the Bijawar Group. The Paleo-
proterozoic sediments of the basin constitute the lithounits of Kishangad Group,

having conglomerate/arenitic quartzite of Bhanwartalao Arenite Formation at the
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base, followed upward by mafic volcanic flows and argillites of Mangrol Volcanic
Formation, chert breccia of Mehdikhera Chert Formation and cherty and stro-
matolitic dolomite of Lohar Dolomite Formation. The basin has estimated sedi-
ment thickness of ~2000 m [48]. The carbonate members of the basin show pro-
lific development of stromatolites of Collenia-Colonnella-Conophyton assem-
blage [49]-[51]. On the basis of the presence of microbiota of Gunflintia-Huron-
ispora-Archaerestis assemblage the rocks are correlated with the Gunflint Chert
of Ontario, Canada and Franceville Group of Gabon, South Africa of ~2000 Ma
[51].
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Figure 2. Large scale geological map of parts of Modri, Sadkhera and surrounding area, western part of Harda inlier, Khargone

district, Madhya Pradesh [60].

The lithopack similar to that of Bijawar group has been observed north and
north-east of Barwah. These rocks are exposed as small inliers amidst Deccan Trap
cover. Since the middle of nineteenth century, the area was studied by W.T. Blan-
ford and A.B. Wynne, F.R. Mallet and P.N. Bose [40] [52]. Blanford and Wynne
(1869) [53] classified the rocks into metamorphic series and Bijawar series. The
metamorphic series comprises granite, gneisses, phyllite, quartzite etc. while the
Bijawars include limestone, dolomite, quartzite breecia etc. During the recent
past, the area was studied by a number of workers including, M.K. Roy Chow-
dhury and V.V. Shastri (1954) [54], who worked in the present area, considered
the dolomite as a part of the Archaeans and inter bedded with other schistose
rocks. According to them the quartzite breccia is intra formational type having
uncertain stratigraphic position between Vindhyans and Lametas. S.K. Shrivastava
(1959-60) [55] is of the opinion that the phyllite, gneisses and granite belong to
the Archaeans while the dolomite, quartzite and breecia constitute the Bijawars.
M.M. Munshi and K.K. K. Nair (1974) [56] and K.K.K. Nair (1975) [57] carried
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out systematic geological mapping in the area. Munshi and Nair divided the Bija-
wars into Lohar Dolomite Formation and Medikhera Chert breccia Formation.
According to them Lohar-Dolomite is older than the Mehdikhera Chert breecia.
S.C. Jain and M.P. Shrivastava (1986) [58] carried out reconnaissance for phos-
phorite in pars of Barwah-Harda basin. They placed Lohar Formation above the
Mehdikhera Formation. Except for few localized phosphatic values, no significant
phosphatic horizon is identified by them in this area. Nirmal Dhar (1989) [59]
carried out systematic thematic mapping in the area and noticed 0.5 m to 1.5 m
thick dolomite and chert bands which contain P,Os in the range of 0.5% to 24%
in the Sadkhera area.

The present study area covers the western part of the Barwah-Harda inlier
and exposes rock types belonging to the Achaeans, Bijawars, Vindhyans and
Lametas as inlier within the Deccan trap (Figure 2). Part of the Bijawar and Pre-
Bijawar sequence are covered by Vindhyan Supergroup of rocks. The Lithostrat-
igraphic disposition of various lithounits can be summarized as follows: The
base for Bijawar here is marked by older metamorphites including Talk tremo-
lite schist, Sericite schist and phyllite followed by Bijawar package resting un-
conformably over this metamorphites. The Bijawar sequence here is represented
by grity quartzite/ quartz areinite, ferruginous quartzite called Medikhera
quartzite, and dolomite with thin interlayers of sand stone named as Lohar Do-
lomite. The general stratigraphic succession of the area after Nirmal Dhar [59]

is as follows:

Recent Alluvium

Boulder Bed

Upper Cretaceous to Eocene

Basic dykes

Deccan Trap Basalt flows with inter trappean beds

Cretaceous Lameta coarse-grained,
Lameta Group Katkut gritty sandstone
Sandstone with conglomerate

Precambrian Vindhyan Super group
Kanar-sandstone with intercalated silt-stone
(Upper Rewa sandstone and silty sandstone) shale

Proterozoic Bijawar Group

. Mehdikhera quartzite

Quartzite breccia, quartzite chert breccia with minor shale intercalations
. Lohar dolomite,

Dolomite with minor sandstone and shale intercalations.

Archaean (Quartz sericite/chlorite phyllite, feldspar calc chlorite phyllite meta-con-
glomerate, porphyry calc-schist, quartzite and meta-basics).
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Bijawar sediments as described earlier are exposed in isolated patched due to
extensive cover of Deccan trap and Vindhyan rocks. The main localities studied
included Modri, North of Barwah town, Mohida, Sadkhera Nandiya etc. The exact
nature of contact between Lohar Dolomite and Mehdikhera Quartzite breecia is
also much obscured. At places such as North West of Jayantimata temple and east
of Mohida, well bedded dolomite is overlain by quartzite breecia. Moreover
quartzite breccia generally occupies higher elevation compared to the adjacent do-
lomite. From these observations, it appears that the Mehdikhera quartzite breccia
is probably younger than the Lohar Dolomite. The Lithological assemblage of Bja-
war group is restricted to the low lying areas and is only found to expose as de-
tached exposures in isolation restricted to very few localities e.g. Modri, Sadkhera,

Jayantimata, Mohida, Nandiya and adjacent areas.

5. Primary and Post-Depositional Sedimentary Structures

Primary and post-depositional sedimentary structures act as physical archives
that record ancient hydrodynamic, biogeochemical, and diagenetic conditions.
These structures when linked to high-resolution geochemical proxies, can re-
construct ancient ocean chemistry, atmospheric oxygenation, and nutrient cy-
cling in Paleoproterozoic basins. The Bijawar rocks here depict some well-pre-
served structural feature including non distrophic and distrophic. The bedding
and laminations are very well preserved in the quartzite and dolomite and so
also in the chert.

Evidences of penecontemporeneous deformation (PCD) (Figure 3, Figure 4)
have also been recorded indicating the occurrences of seismic activity during the
depositional period. Non phospatic stromatolites (Oncolites) (Figure 5, Figure 6)
have been recorded from different parts of the area from dolomite, besides crudely

developed stromatolites.

Figure 3. PCD in Chert sequence in Bijawar sediments (Sadkhera).
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Figure 4. PCD in Dolomite of Bijawar Group (Choral River-Sadkhera).

Figure 6. Oncolite structures in Bijawar dolomite. Jayanti Mata section.
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Figure 7. Possible first S fold in Cherty quartzite of Bijawar Gr. (Road section Jaintimata
to Badipura).

Figure 8. Doubly plunging Second fold in Quartz vein embedded in dolomite of Bijawar.
(Modri area.).

Besides these primary depositional structures, diastrophic structures are also
preserved in the different lithologies of the Bijawar group of rocks in the studied
area. Possible first fold in Cherty quartzite (Figure 7) and folds of the second de-

formation in the quartz vein (Figures 8-10) embedded in the dolomite have been
recorded from different parts of the area.
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Figure 9. Hematite-quartz veins emplace within the chert are co folded demonstrating Pre
F2 emplacement: Modri area.

Figure 10. Post F 2 folding Granulation of quartz vein in yellow chert.

6. Mineralisation in Barwah-Harda Inlier

The co-occurrence of phosphorite, manganese, and iron in Paleoproterozoic sed-
iments (like those in the Aravalli and Bijawar basins of India) is primarily driven
by global atmospheric oxygenation, unique basin tectonics, and biogeochemical
cycling. These elements, Paleoproterozoic phosphorites and Mn-Fe deposits com-
monly accumulated along continental margins or in shallow, restricted epiconti-
nental basins. In these semi-isolated settings, upwelling deep-ocean currents
brought nutrient-rich (and metal-rich) waters into contact with sunlit, oxygen-
ated coastal zones. This drove rapid algal/cyanobacterial blooms, which in turn
caused the decomposition of organic matter. This biological activity created mi-

cro-environments that favored both phosphogenesis (the formation of phospho-
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rite) and the carbonate or silicate precipitation of Fe and Mn precipitated sequen-
tially as the chemistry of ancient oceans shifted. The origin of Paleoproterozoic
phosphorite deposits in the Aravalli Basin (Rajasthan/Madhya Pradesh) and the
Bijawar Basin (Madhya Pradesh/Uttar Pradesh) represents some of the earliest
global phosphogenic events in Earth’s history. While both deposits formed around
2.0 to 1.9 Ga, their genetic mechanisms differ significantly: the Aravalli deposits
are primarily biogenic (microbial) in origin, whereas the Bijawar deposits are pre-
dominantly chemogenic (inorganic) [33]. The area around Burwah though even-
tually proved uneconomic due to feeble and sporadic occurrences of Manganese,
Iron and phosphate mineralisation what is significant here is its pattern and type
of mineralisation. As the three commodities are common in the Proterozoic ba-
sins associated mineralisation here also the same characteristics is represented.

(a) Phosphorite Mineralization

The phosphorite mineralisation in the study area is expected to be associated
with the dolomite and chert rocks (Figure 11, Figure 12). However, the phosphate
values recorded from the dolomite are generally <1% P,Os, which indicates that
the rock is weekly to almost non-phosphatic as observed in Sadkhera area. Some
mildly phosphatic content (>1% to <5% P,0Os) are also observed in chert, observed
in the same channel at Modri location. The algal matter, stromatolites and onco-
lites occurring in the area are also found to be non-phosphatic (Figure 13). Inter-
estingly host lithology for phosphate mineralization here is ferruginous chert. The
samples were collected at 1m interval from brick red coloured chert associated
with specularite veins, indicated a very restricted extension of mineralized zone in
ferruginised chert. The chemical analytical data (Table 1) has given the highest
values of P,Os for the chert associated with the specularite, suggesting that the
phosphate in the Modri area has precipitation of very fine grained apatite with the
specular hematite hence it is associated with the iron fillings (Figure 14). It is
opined that the phosphate iron veins containing specularite fillings within chert

are the source of P,Os here.

Table 1. Chemical analytical results (P20s) of Channel samples near Modri and Sadkhera
village (after Sharma & Balaji, 2014) [60].

S.No Name Lithology P;0s

Location 1.5 km south east of Modri village

1 MDCH-1/1 Bric red ferruginous Chert 2.44
2 MDCH-1/2 Purple Chert with iron fillings (specularite) 24.52
3 MDCH-1/3 Purple Chert with iron fillings 15.29
4 MDCH-1/4 Bric red ferruginous Chert 16.07
5 MDCH-1/5 Bric red ferruginous Chert 9.92
6 MDCH-1/6 Bric red ferruginous Chert 19.95
7 MDCH-1/7 Regolith-Fragments of chert and quartzite 17.62
8 MDCH-1/8 Regolith-Fragments of chert and quartzite 27.77
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Continued
9 MDCH-1/9 Regolith-Fragments of chert and quartzite 0.37
10 MDCH-1/10 Regolith-Fragments of chert and quartzite 0.1

11 MDCH-1/W1 Bric red ferruginous Chert with quartz vein 2.71
12 MDCH-1/W2 Bric red ferruginous Chert with quartz vein 6.32

13 MDCH-1/W3 Bric red ferruginous Chert with quartz vein 7.97

14 MDCH-1/W4 Dolomite with oncholites 0.16
15 MDCH-1/W5 Bric red ferruginous Chert 21.57
16 MDCH-1/W6 Cherty fragments with silica brecciation 0.89

Location 150 m south east of Sadkhera village

17 SDCH-5/1 Weathered Dolomite 0.10
18 SDCH-5/2 Dolomite 0.07
19 SDCH-5/3 Dolomite 0.08
20 SDCH-5/4 Dolomite 0.08
21 SDCH-5/5 Dolomite 0.09
22 SDCH-5/6 Dolomite 0.10
23 SDCH-5/7 Ochere yellowChert 0.18
24 SDCH-5/8 Ochere yellowChert 0.19
25 SDCH-5/9 Ochere yellowChert 0.17
26 SDCH-5/10 Phyllite 0.23
27 SDCH-5/11 Ochere yellowChert 0.22
28 SDCH-5/12 Ochere yellowChert 0.11
29 SDCH-5/13 Ochere yellowChert 0.14
30 SDCH-5/14 Ochere yellowChert 0.23
31 SDCH-5/15 Ochere yellowChert 0.24
32 SDCH-5/16 Ochere yellowChert 0.10
33 SDCH-5/17 Ochere yellowChert 0.11
34 SDCH-5/18 Ochere yellowChert 0.20
35 SDCH-5/19 Phyllite 0.25
36 SDCH-5/20 Phyllite 0.17
37 SDCH-5/21 Ochere yellowChert 0.18
38 SDCH-5/22 Ochere yellowChert 0.33
39 SDCH-5/23 Ochere yellowChert 0.22

(b) Manganese Mineralization

Old workings of manganese are noticed in the low lying mounds north of
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Nandiya (Figure 15, Figure 16) and east of Mohida (Figure 17) at the right bank
of the Odhali nala. In the old workings, the manganese ores occur in calc-ferrugi-
nous quartzite breccia of the Bijawar Group in the form of small patchy, discon-
tinuous cavity and fracture fillings. The manganese occurs in botryoidal form is
psilomelane and pyrolusite with maximum MnO content of 10.92% (Table 2). It
is black to dark grey in colour with dull luster and soils the fingers (Figure 16).
From the nature of occurrence, it appears that the manganese was originally pre-
cipitated from the oceanic water as syn-depositional layer parallel to quartzite and
subsequently has been brecciated together during post depositional deformation.
The cavity filled and fracture filled component represents the hydrothermal fluid
circulation during the waning stage of F 2 deformation. The incidence of manga-
nese is noticed in 1 sq.km area in the form of sporadic old workings in Nandiya
area (Figure 16). Besides Nandiya, the manganese quarries were also been noticed
along the left bank of Choral River within the ferruginous sandstone of Vin-
dhyans. Four small quarries are found on the southern slopes of hill 222 located
about 1Km SSW of Sadkhera. Sporadic fragments of manganese are also recorded
from the brecciated chert 500 m west of Jayantimata temple. The manganese and
quartz veins intruding the dolomite-chert-shale sequence are found in the River
section north of Sadkhera area represents the auto intrusion of quartz manganese
combine from the hydro therms generated during the metamorphism and defor-
mation. A bedded sequence of course grained gritty sandstone, shale, cherty shale
with cherty phosphate bands and dark gray dolomite is found to be intruded by
irregularly distributed and ramifying manganese veins. A thin Manganese band
hosted within this dolomite chert sequence is also located from Mohida area,
demonstrates presence of a manganese band 40 m in strike length and 3.5 m to 4
m. in thickness deposited parallel to ferruginous Sand stone further supports its

precipitation during the sedimentation process in the basin.

Table 2. Chemical analytical results (MnO) of Channel samples at Nandiya area [60].

S. No. Name Lithology MnO

Location: 1.5km West of Nandiya village

L. NDCH-3/1 Ochere yellow chert with Manganese veins 10.08
2. NDCH-3/2 Ochere yellow chert with Manganese veins 10.92
3. NDCH-3/3 Ochere yellow chert with Manganese veins 4.86
4. NDCH-3/4 Ochere yellow chert with Manganese veins 0.52
5. NDCH-3/5 Ochere yellow chert with Manganese veins 0.20
6. NDCH-3/6 Ochere yellow chert with Manganese veins 0.33
7. NDCH-3/7 Ochere yellow chert with Manganese veins 0.32
8. NDCH-3/8 Ochere yellow chert with Manganese veins 0.16
9. NDCH-3/9 Ochere yellow chert with Manganese veins 0.44
10. NDCH-3/10 Ochere yellow chert with Manganese veins 1.86
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Location: 600m North of Nandiya village.

Continued
1. NDCH-1/1
2. NDCH-1/2
3. NDCH-1/3
4. NDCH-1/4
5. NDCH-1/5
6. NDCH-1/6
7. NDCH-1/7
8. NDCH-1/8
9. NDCH-1/9
10. NDCH-1/10

Ferruginous chert with manganese
Ferruginous chert with manganese
Ferruginous chert with manganese
Ferruginous chert with manganese
Ferruginous chert with manganese
Ferruginous chert with manganese
Ferruginous chert with manganese
Ferruginous chert with manganese
Ferruginous chert with manganese

Ferruginous chert with manganese

3.05

3.55

0.73

8.80

7.06

9.25

4.05

0.32

1.28

5.04

Iron Mineralization:

Discontinuous bands and lenses of hematite are observed at places within fer-
ruginous quartzite breccia. Some highly ferruginous quartzite breccia also locally
contains iron ore. At places, sporadic flaky hematite (specularite) is found within
quartzite breccia as very small cavity and fillings (Figure 14). The iron ore bodies
do not appear to be economically significant due to their discontinuous nature
and small dimensions. One such band has been located just near the contact of
cherty band with quartzite SE of Modri. This band is about 8 m in thickness and
extends discontinuously for about 75 m but is sandwiched between chert and
quartzite. Enechelon hematite filings (tension gashes), occurring within the

quartzite in the area as observed along the Modri-Surtipura road section (Figure

18).

Figure 11. Ochre yellow chert bearing Phosphorite—location near Nandiya.
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Figure 14. Photomicrograph showing Ferruginous filling in Chert under CPL.

DOI: 10.4236/0jg.2026.1610035 737 Open Journal of Geology


https://doi.org/10.4236/ojg.2026.1610035

R. K Sharma et al.

Figure 17. Chert Manganese band near Mohida.
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Figure 18. Tension gash of iron fillings (Hematite) in Quartzite-Modri.

The mineralisation in Bijawar basin main is principally of chemogeneic origin
with apatite being the principal mineral and is hosted within the sandstone and
cherty rocks besides dolomite. In Hirapura and Sanjoli area the best sections and
the richest deposit is found. Here in Barwah-Harda inlier section the depositional
enviroment and lithopackage remains the same but only very poor intensity of
mineralisation barring few isolated peaks having no continuity or defined zones
of Phosphorite calls for a geological reason to explain the absence of mineralisa-
tion despite sharing the same spatio-architectural domain. The Harda-Barwah in-
lier has been designated as time equivalent of Bijawars having the similar lithostrat-

igraphic package.

7. Discussion on Possible Mechanism of Phosphorite
Mineralisation of the Study Area

The co-occurrence of phosphorite, manganese, and iron in Paleoproterozoic sed-
iments (like those in the Aravalli and Bijawar basins of India) is primarily driven
by global atmospheric oxygenation, unique basin tectonics, and biogeochemical
cycling. Proterozoic to early Palaeozoic deposition of iron, manganese and phos-
phorus in response to the Earth-Life system evolution comprises the geochemis-
try, and environmental implications of iron (Fe), manganese (Mn), and phospho-
rus (P) and other trace elemental deposits. These studies require integration of
sedimentological, mineralogical, elemental, and isotopic evidence to reconstruct
the evolving redox state of ancient oceans and its coupling with global biogeo-
chemical cycles. Contributions reveal that Fe, Mn, and P responded differently to
the progressive oxygenation of Earth’s surface environments. Iron formation rec-
ords the onset and intensity of oxidation events in dominantly anoxic oceans.
Manganese enrichment marks more strongly oxic conditions in surface waters but
also indicates occurrence of local marine anoxia. Phosphorus cycling reflects nu-

trient feedbacks that regulated primary productivity and dynamic oceanic-atmos-
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pheric redox state. The redox sensitivities of Fe, Mn, and P deposits illuminate key
transitions in seawater chemistry, climate, and biological evolution through deep
time. The importance of integrating field observations, mineralogical analyses,
multi-proxy geochemical datasets, and quantitative modelling to better under-
stand the co-evolution of Earth’s surface systems during the Precambrian is re-
quired.

The phosphorite deposits of the Mardeora area are primarily confined to the
Hirapur Formation of the upper Gangau subgroup and occur in the form of brec-
ciated, laminated, and massive phosphorites, which are silica rich. The Hirapur
Formation includes ferruginous breccia, shale, and dolomite [38] [61]. On top of
that lies the Karri ferruginous Formation, which generally consists of highly fer-
ruginous shale, sandstone, and iron concretionary [38] [62].

Based on the above discussions, it is inferred that the precipitation of phospho-
rite involves a definite mechanism of upwelling of the nutrients from deep sea by
the deep sea currents.

e Setting: Formed within a specialized, restricted epicontinental sea along the
rifted Bundelkhand craton margin.

e Environment: Restricted, shallow tidal to intertidal protected waters.

¢ Mechanism of Formation (Biogenic/Microbial Origin)

1) Deep-Ocean Upwelling: Rising oceanic currents brought nutrient- and
phosphorus-rich deep waters into the shallow, near-shore environments of the
basin.

2) Algal Stromatolite Proliferation: The algal stromatolite proliferation was
not present in the Bijawar basin as there are no or rare stromatolites present, in-
dicates deficiency of the development of algal fauna.

3) Chemogenic trapping: The algal matters directly trapped and concentrated
the dissolved phosphorus from sea water. This induced the precipitation of mi-
crocrystalline carbonate fluorapatite (francolite) within the algal columns. But this
is not true for the Bijawar basin here it is chemogenic enrichment through the
process of Secondary Enrichment: Post-depositional weathering, diagenesis, and
tectonic reworking leached out carbonate minerals, leaving behind highly en-
riched fragmental and brecciated phosphorite ores.

The absence of algal matter possibly due to shallow nature of the basin in Harda-
Burwah inlier had feeble or no upwelling of the nutrients from the deeper parts of
the ocean. The isolated basin exposed in terms of inlier south of the main Bijawar
basin that is Barwah-Harda inlier demonstrates very shallow thickness of the sed-
iments deposited here being the equivalent of the peripheral Bijawar basin caused
restricted deposits of chemogenic sediments and limited post depositional leach-
ing of carbonate leading to non or feeble enrichment in phosphatic component.
Further the sediments similar to Bijawar sediments exposed in Harda-Barwah
were covered by Deccan trap, there by obstructing these sediments a prolonged
leaching responsible for chemogenic and phosphogenic enrichment in oxidants.

Both these factors including absence of algal matter supported by occurrence of
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Oncolites which are non-algal in nature and presence of no secondary or concre-
tionary deposits of manganese or iron here in the studied area, suggests absence
of post depositional leaching of oxidant of the sediments. Hence the field evi-
dences and chemical analysis of Manganese which is rich in silica (Table 3) cou-
pled with absence of algal stromatolites and presence of oncolites, poor phos-
phatic content and association of phosphatic values with iron, less thickness of the
sediments in this part justifiably explain a change in the chemical and biogenic
conditions in this part (Barwah Harda inlier) considered equivalent to Bijawar
basin responsible for non-accumulation of richer phosphatic deposit, despite
sharing the similar geochemical characteristics of the ocean during the Protero-
zoic eon. This is also supported by phosphate associated restricted iron and man-
ganese precipitation that the global oxygenation process and the fluctuations in
the geochemical behaviour of the Proterozoic ocean are faithfully reflected here
and are recorded by the present workers in the Burwah-Harda inlier how much
ever may the size of the basin.

Key Field Evidences of Ocean Dynamic Shifts

Lithofacies/Feature Geochemical Sign Depositional Environment

. . . Shallow-marine shelf with
High organic matter, suboxic

Phosphorites . active photosynthetic
upwelling ] .
microbial mats
Influx of dissolved Fe** .
. o Fluctuation from deep
Ferruginous Chert oxidized to Fe’*. . . ]
. . . . stratified basin to oxic
Breccia/Jaspers High SiO, volatile .
o shallow interface
hydrothermal additions
High pH/Eh shallow oxic
Manganese Strongly oxidizing seawater zone following oxygenation
Enriched Beds &Y J b li o 8
u

Table 3. Analysis of Major and Minor Oxides of rock samples of Barwah-Harda Inlier (after Jauhari and Roy, 2021) [45].

SiO;  ALO; Fe:03 CaO MgO NaO KO TiO: MnO P:0s

S le N N f th kt LOI
ampe e e on e ok b %) %) ) 0 %) %) ) (%) (%) (%)
Chert breccia with calcareous matrix,
AGR_PCS-01 ] 95.19 1.30 0.32 046 0.10 0.09 0.13 0.02 0.03 0.03 0.57
brown and white quartz, agate
AGR_PCS-02 Chert breccia with Mn 11.65 144 4888 791 038 0.10 0.60 0.08 13.14 0.79 13.59
Grey basalt with phenocryst of
AGR_PCS-03 . 50.09 15.01 13.11 9.06 4.08 2.72 090 2.75 0.32 0.35 1.49
plagioclase feldspar
Fine grained grey coloured compact
AGR_PCS-04 basalt 48.57 12.81 12.74 9.71 6.08 2.01 0.52 248 0.36 0.30 4.33
asa
Chert breccia with d
AGR_PCS-05 ert brecaawi arena,ceous an 87.31 1.14 0.45 576 0.13 0.09 0.21 0.05 0.11 0.03 4.48
calcareous matrix
Reddish-brown coloured chert
AGR_PCS-06 X 95.25 1.23 0.76 0.28 0.04 0.08 0.15 0.04 0.04 0.06 0.44
breccia
AGR_PCS-07 Dolomite with grey bands 6.92 0.34 0.66 30.96 16.69 0.04 0.05 0.04 0.06 0.03 43.04
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Continued

AGR_PCS-08 Ferruginised chert breccia with Mn ~ 27.46  3.76 51.85 0.41 0.68 0.09 0.83 0.27 6.94 0.18 6.86

AGR_PCS-09

Mn bearing chert breccia with

3845 1,55 2071 1214 029 010 0.13 0.11 1338 0.22 12.57

limonitic capping

AGR_PCS-10

Basalt with plagioclase feldspar and

49.63 14.19 14.67 925 335 255 074 295 046 031 1.42

clinkery surface

AGR_PCS-11 Greyish coloured siliceous dolomite ~ 42.35 0.06 0.42 15.78 13.58 0.01 0.07 0.03 0.02 0.02 27.65

Ferruginised chert breccia with small

AGR_PCS-12 87.65  2.77 4.56 021 031 0.08 0.60 0.08 0.57 0.11 130
clasts of Chert and Mn
Ferruginised chert breccia with Mn
AGR_PCS-13 . L 7433  6.12 4.92 0.19 047 011 146 0.17 8.29 0.12  3.67
mineralisation
Ferruginised chert breccia with Mn
AGR_PCS-14 . L 45.14 2.74 20.12 13.89 0.20 0.07 0.07 0.16 3.71 0.28 13.03
mineralisation
AGR_PCS-15 Pinkish grey siliceous dolomite 27.68  0.04 0.21  20.68 16.38 0.01 0.03 0.01 0.03 0.01 34.0

8. Conclusion

The Barwah-Harda inlier, though equivalent of Bijawars (but also considered by
some workers as south western extension of Bijawar Basin,) demonstrating iso-
lated high phosphatic content lacking continuity, in an otherwise weak to non-
mineralised sequence of rocks. This wide variation in phosphatic content in the
Bijawar basin and its equivalent sharing same geological and geochemical fluctu-
ations demonstrates that though they are separate basins but the proterozoic epoch
had similar oxygenation fluctuations and changing geochemical domains in all
equivalent basins also. The supportive field evidences like absence of algal stro-
matolites, presence of oncolites suggested fluctuating geochemical characters in
different basins demonstrates less thickness of sediments as compared to the Bi-
jawar basin around Chhatrapur. This fluctuating geochemical characters being re-
sponsible for non-accumulation of significant phosphatic deposit, in the south
western possible extension or separate isolated equivalent basin around Barwah-
Harda inlier. The sedimentary facies in the Barwah-Harda region capture a crucial
transition phase: episodic ocean oxygenation driving chemical precipitation, in-

terrupted by localized upwelling of deeper, reducing, nutrient-loaded waters.
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