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Abstract: Brecciated iron ore deposit (BID) is well demarcated in the majority stretch of bedded type of iron deposits of Bonai-
Keonjhar iron ore belt (BK belt). Khandbandh, Thakurani, Banspani are some of the localities where brecciated iron deposits occurs
exclusively or along with Banded Iron Formation (BIF). BID lithounit constitutes fragments of hematite, BHJ and shale of different
size and shape cemented by mostly iron rich matrix. BID is syngenetically formed by the random arrangement of clasts generated
during the time of sedimentation-lithification of iron formation. Clasts are oriented and cemented by hematite matrix in the buffer area
where they are produced by breaking down of banded iron formation at its early stage of deposition. Formation of BID may be due to
the localized disturbances in depositional environment facilitating concurrent fragmentation of iron formation with sedimentation. In
this paper petrographic analysis of BID are carried out megascopically and microscopically supported by X-ray Diffractometer (XRD).

Keywords: Bonai-Keonjhariron ore belt (BK belt), Brecciated iron ore deposit (BID), Petrography, Odisha

1. Introduction

The Bonai-Keonjhar iron ore belt (BK belt) is known for its
rich deposits of high-grade hematitic iron ore, primarily
consisting of Banded Iron Formation (BIF). This region also
consists of distinct occurrences of brecciated and detrital
iron deposits as limited dispositions. Brecciated iron
deposits (BID) are well observed in localities like
Khandbandh, Thakurani and Banspani which occur either
exclusively or along with BIF. Khandbandh area, located on
the eastern side of the ‘U’-shaped Bonai-Keonjhar
synclinorium in the Keonjhar district of Odisha, is
predominantly occupied by BID. Mining activities of
brecciated iron ores are going on at Khandbandh iron ore
mines by TATA STEEL Company.The area comes under
the Survey of India Toposheet no.73 G/5 and 73 F/8, lying
between the North Latitude 21°55°0"- 22°10°0"and the East
Longitude - 85°22'30"- 85°27°30". The litho-assemblages in
this area are mostly un-metamorphosed and devoid of
intrusive formations. Brecciated iron deposits are completely
consisting of hematite fragments in brecciated forms with
lesser amounts of BHJ and shale that vary in shape and size.
They are formed syngenetically having the breccias being
cemented by contemporaneously supplied hematite matrix.
Clasts in BID are randomly settled and lithified with planar
or cross-sectional sections observable in various directions.
Petrographic analyses of these deposits have been done by
both megascopic, microscopic and X-ray Diffractometry
(XRD) examinations.

2. Geology

The Khandbandh brecciated iron ore deposit is located in the
eastern limb of Bonai-Keonjhar iron ore belt of Keonjhar
district of Odisha (Figure 1). The Bonai-Keonjhar belt,
designated as BIF-III occupies a distinct ‘U’-shaped pattern
in the western flank of the North Odisha Iron Ore Craton
(NOIOC) that rests over the Dhanjori Quartzite [1], [2]. This
Precambrian iron ore group (IOG) largely contains BIF in

addition to the other volcano-sedimentary rocks forming a
significant portion of the Singhbhum—North Orissa Craton
of eastern Indian shield [3]. The litho-associations of this
area form the youngest Iron Ore Group in the Iron Ore
Supergroup (IOSG) of Odisha and named as BIF-III [4], [5],
[6]. Various names have been given to this belt such as
Barbil Group [7], Koira Group [8] and Khandadhar group
[9]. The IOG in addition to BIF also contains other rock
units like two generations of shales, tuffs that underlie or are
interlayered with BIF. The litho-associations of this area
comprise of banded hematite jasper, banded hematite
quartz/chert, banded shale, banded manganese formation
and ferruginous shale. The brecciated iron deposit occurs as
small horizons in discontinuous manner along with hard,
massive iron formation. BID consists of predominantly iron
oxide minerals hematite along with martite, specularite and
silica. The litho-assemblages of this youngest iron ore belt
are un-metamorphosed and lack of intrusives.
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Figure 1: Generalized Geological map of BK belt [10], [11]
showing the study area Khandbandh brecciated iron deposit

Figure 2: Field photographs of Brecciated t

ype iron ore of Khandbandil area showing

3. Morphology

The brecciated iron deposit occurs abundantly with limited
extensions in Khandbandh area. It consists of
pebbles/cobbles of hematite or hard laminated iron ore. At
some places cobble to boulder size banded iron formation
(BHJ) pieces are cemented to form the brecciated ore
bodies. In syngenetically formed brecciated iron deposits
cementing material is mostly hematite and clasts are
arranged with the planar or cross sectional section in
different directions (Figure 2A and Figure 2B). While in
case of transported clasts, the cementing material may be
laterite or goethite/hematite. Such type of matrix is also seen
in altered brecciated iron deposits (Figure 2C). Matrix
comprising of clay or silt is not often found in the area. The
cementing/matrix material might have been produced and
supplied from source ore bodies (bedded) and/or transported
clasts. When the clasts are produced from broken down BIF
bands and cemented, they are called as intraformational
breccias (Figure 2D). At few places, shale fragments are
present and cemented along with hematitic pebbles to form
BID (Figure 3A). In some brecciated iron ore, it is also
observed that the fragments comprise of BIF, hematite and
rounded iron pebbles (Figure 3B).

A. Syngenetically formed hematite breccias are bonded by hematite matrix whose planar surface are settled in
one direction
B. Hematite breccias in laminated form arrested in the matrix comprising hematite, goethite and silica
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C. Hematite clasts of nea
D. Intraformational brecci

rly uniform size in iron matrix
as formed by broken BIF bands

F iure 3: Fil Photogr

aphs of BID illustrating

A. Shale clasts are cemented along with hematite pebbles

B. Fragments of BIF, hematite and rounde

4. Petrography

Micro-morphological characters of a number of polish
sections of brecciated iron deposit of the study area were
studied for under the optical microscope. Both components,
breccia and matrix are found to be hematite. In a network of
supply-sedimentation-lithification process of iron material,
the layers/bands were broken down to breccias in a disturbed
milieu and got cemented by the same iron material while
remained floating in the hydro-plastic stage (Figure 4A). In
some instances bands of hematite as well as BHJ are broken
due to load pressure and sagging (Figure 4b and Figure
4C). The fragmentation process continues, while the
sedimentation process runs (Figure 4D). In the later stage
they have been undergone recrystallization, martitisation and
goethitisation processes to form other minerals. The degree

d pebbles of hematite embedded in iron matrix

of disturbance and viscosity of hydroplastic base determine
the position, orientation and concentration of clasts in BID.

Broken-down hematite fragments of different shapes, sizes,
and angularities attain granular status, with intergranular
spaces filled with already supplied material like hematite,
silica, or their recrystallized altered products (Figure 5A).
The arrangements and sorting of the clasts in BID are
irregular and ill respectively (Figure 5B). Mostly the
fragments occupy the nearby area where they are

degenerated from the bedded or layered masses. Some clasts
of folded geometry remain in juxtaposed with non-folded
bands attest penecontemponeous non diastrophic features
produced simultaneously with sedimentation (Figure 5C).
Large fragments of banded hematite jasper embedded within
the small clasts of hematite indicate differential load/stress
bearing capacity between them (Figure 5D).

Volume 12 Issue 8, August 2023

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR24122020137 DOI: https://dx.doi.org/10

.21275/SR24122020137 2493



International Journal of Science and Research (IJSR)
ISSN: 2319-7064
SJIF (2022): 7.942

\h, % G T - . i

Figure 4: Photomicrographs of brecciated iron ore showing (X 10)
A. Initiation of fragmentation in a disturbed depositional environment
B. Fragmentation of hematite masses by pull apart process due to dehydration
C. BIF bands are collapsed and sagged in the process of producing clasts
D. Simultaneous deposition and fragmentation of BIF clasts
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Figure 5: Photomicrographs of brecciated iron ore showing (X10)
A. Hematite fragments take on a granular form with angular shape
B. Hematite fragments of uneven sizes with ill sorting in matrix
C. Folded clasts suggest a non-diastrophic process that occur concurrently with sedimentation
D. A large piece of banded hematite jasper is surrounded by smaller hematite clasts

4.1 X-Ray Diffraction Studies

The X-ray diffraction study (XRD) has been done for identification of various mineral phases. XRD study shows that
hematite is the major mineral phase of BID in
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Khandbandh area with quartz as minor mineral (Figure 6).
The identified mineral phases of brecciated iron ores in
study area is presented in Table 1.

Table 1: Mineral Phases in BID
Mineral phases identified

Major Hematite
Minor Quartz
4.2 Modal Analysis

Modal distribution of minerals in the Khandbandh area
shows that hematite occurs as a major constituent with a
minor amount of quartz, Goethite. Kaolinite and gibbsite
contribute very little, occurring in scattered patches. Martite
and magnetite are found in traces. The approximate modal
distribution of minerals in BID of Khandbandh area is given
below in Table 2.

Table 2: Modal distribution of minerals in BID of

Khandbandh area
Minerals Approximate (%)
Hematite 90-95

Quartz 3-4
Goethite 1-2
Kaolinite 1-2
Gibbsite ~1

Martite Traces
Magnetite Traces

5. Conclusion

The brecciated iron deposit in the Khandbandh area co-
exists with banded iron formation and iron ores, which
maintains the same stratigraphic level in the eastern limb of
the Horseshoe synclinorium. In BID, breccias/clasts are not
erosion driven instead they arise from environmental

disturbances specific to its depositional site. The
simultaneous formation of clasts and sedimentation
underlines a cohesive process of accumulation and

cementation at the same location, utilizing homogeneous
materials. Consequently, the matrix predominantly

Figure 6: X-Ray Diffraction graph showing different mineral phases present in BID of Khandbandh area

comprises hematite, same as the embedded fragments. The
presence of rounded pebbles of iron and shale within the
BID, interposed among the hematite clasts, is indicative of
transport from proximate areas. These observations
collectively affirm that the formation of brecciated iron ore
in this region was a contemporaneous event, without
significant variation in the environmental conditions of
deposition.

References

[1] Acharya, S. (1993). The field relationship of Iron and
Manganese Ore deposits in the Iron Ore basin of Bihar
and Orissa. Recent Research in Geology (Editor-Prof.
K. L. Rai), pp. 14-23.

[2] Beura, D. (2008) Petrographic characterization of BIF
of Archaean Greenstone Belt- A case study around
Thakurani sector of Bonai-Keonjhar belt, North Orissa,
India. Vistas in Geol. Research, U.U. Spl. Pub. In Geol
(7) pp.76-85.

[3] Saha, A. K., Ray, S.L. and Sarkar, B. (1988). Early
history of earth: evidence from Precambrian of the
Eastern India shield. Memo. 8. Geol. Soc. India, pp.
13-37.

[4] Acharya, S. (1984) Stratigraphy and structural
evolution of the rocks of Iron Ore Basin in Singhbhum-
Orissa Iron Ore Province. Indian Journal of Earth
Science Crustal Evolution of the Indian shield and its
bearing on, Metallogeny. Seminar Volume, pp. 19-28.

[5] Acharya, S. (2000) some observations on parts of the
Banded Iron-Formations of Eastern India. Pres.
Address, 87th session, Ind. Sc. Cong. Ass. pp. 1-34.

[6] Acharya, S. (2005) Genetic modeling of iron and
manganese deposits of the Joda-Koira Iron Ore basin
(BIF-3), India- its application to exploration. Sem.
Proc. SGAT, Bhubaneswar, VMD, 2020.

[7] Iyengar, S. V. P and Murthy, Y. G. K. (1982) The
evolution of the Archean-proterozoic crust in parts of
Bihar and Orissa eastern India. Rec. Geol. Surv. India,
v. 112, pp.1-6.

Volume 12 Issue 8, August 2023

www.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR24122020137

DOI: https://dx.doi.org/10.21275/SR24122020137

2495



International Journal of Science and Research (IJSR)
ISSN: 2319-7064
SJIF (2022): 7.942

[8] Murthy V N and Acharya S (1975) Lithostratigraphy of
the Precambrian rocks around Koira, Sundargarh Dt.
Orissa; J. Geol. Soc. India 16 55-68.

[9] Sarangi, S.K. and Acharya, S. (1975). Stratigraphy of
the Iron ore Group around Khandadhar, Sundergarh
district, Orissa. Ind. Jour. Earth Sci. v. 2, pp. 182-189.

[10] Jones, H.C., (1934) The iron ore deposits of Bihar and
Orissa. Geological Survey of India Memoir, v. 63, p.
357.

[11] Beura D, Singh P, Satpathy B, Behera S, Nanda SK.
Field Relationship among the Three Iron Ore Groups
of Iron Ore Super Group Encircling the North Odisha
Iron Ore Craton, India: A Comparison Study. Journal
of Geosciences and Geomatics. 2016; 4(3):53-60.

Author Profile

Mr. Amiyaranjan Parida, Research Scholar, P.G.
Department  of  Geology, Utkal  University,
Bhubaneswar-4, Odisha, India

Dr. Devananda Beura, Associate Professor, P.G.
Department  of  Geology, Utkal University,
Bhubaneswar-4, Odisha, India

Volume 12 Issue 8, August 2023

www.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR24122020137 DOI: https://dx.doi.org/10.21275/SR24122020137 2496





