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INTRODUCTION AND GENERAL GEOLOGY
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[*All are U-Pb zircon geochronological ages derived from detrital zircon collected from the metasediments or zircons associated with volcanic/subvolcanic lithotypes.]

Fig. 1: A) Geological map of Chitradurga Schist Belt (CSB) (modified after
Seshadri et al., 1981) (study area marked with black dashed rectangle). Major field
locations are marked by blue stars; B) Interpreted Lithostratigraphy of Chitradurga
group along with SHRIMP U-Pb Zircon Geochronological data from different

lithologies (Krapez et al., 2020 and references therein).

BIFEs of VANIVILAS Formation
BIF-1: Shaley BIF
(Chert and Iron rich layers alternating with
sulfide bearing greenish Phyllite)
Composition of Iron rich layers:
Quartz, Goethite, Magnetite and Chlorite
BIF-11: Cherty BIF
(Chert and Iron rich layers)
Composition of Iron rich layers:
Quartz, Hematite, Magnetite, Goethite,
Ferrihydrite, Siderite, Greenalite*,
Carbonate fluorapatite

*Greenalite (Fe?*,Fe3*),;Si,O-(OH), can be the
key precursors of Archean BIFs, typically found as
nano-crystalline ‘lump’ like aggregates within a
chert matrix along with oxide, carbonate and
phosphate mineral phases separated by a
shrinkage crack network (Rasmussen et al.,
2014a,b; Tosca et al., 2016; Halevy et al., 2017;
Rasmussen et al., 2017; Johnson et al., 2018;
Rasmussen et al., 2021; Rasmussen et al., 2024).
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M.Kere village, Chitradurga; beds are highly
deformed (A) and sub-vertical in nature. Note the presence of centimetre to millimetre scale alternation of chert rich and iron rich layers; D)

& E) Field exposures showing the primary beddings defined by jaspillite layers; F) Primary bedding defined by greenish cherty layers.
[Scale: Permanent Marker-14cm (B), Geological hammer-30cm (C), Pen-13.5cm (D), Coin diameter- 2.5cm (E), CD Marker-13cm (F)]




PETROGRAPHIC INVESTIGATION AND SEM-EDS ELEMENTAL MAPPING

MICROFACIES OF BIF-II
(1) Red lumpy microfacies (Greenalite + Hematite & Siderite)
(2) Green lumpy microfacies (Greenalite + Siderite + Apatite = Magnetite + Pyrite)
(3) Black lumpy microfacies (Greenallte + Pyrlte)

j Magnetite
Pyrite

Magnetite ’

Pyrite Magnetite

Magnetlte

Fig. 3: Petrographic study under polarising microscope reveals the appearance of (A) Red Lumpy microfacies (under reflected light, RL), (B)
Green Lumpy microfacies (under plane polarised light, PPL) and (C) Black lumpy microfacies (under plane polarised light, PPL); D) & E)
Presence of Magnetite and Pyrite as a lump forming mineral within green lumpy microfacies under PPL and RL respectively; F) & G) Presence

of locally developed Magnetite along the periphery of red lumpy microfacies under PPL and RL respectively.
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Magnetite within Green lumpy microfacies
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Fig. 4: A) Thin section of studied sample (IG-BIF-11) under PPL; B) enlarged view of the solid rectangle within green lumpy microfacies
(4.A) under RL; C) SEM image of the area marked with red hollow rectangle within (4.B), EDS point data for Al and A2 marked within (4.C);
D), E) and F) SEM-EDS elemental mapping of Si, Fe and S respectively for (4.C); G) RAMAN data for the point P1 within (4.B).
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Fig. 5: A) Thin section of studied sample (IG-BIF-2) under PPL; B) & C) enlarged view of the solid rectangle within red lumpy microfacies
under PPL and RL respectively; D) SEM image showing anhedral magnetite growing along the periphery of red lumpy microfacies, EDS point
data for A3 and A4 marked within (5.D); E), F) and G) SEM-EDS elemental mapping of Si, Fe and S respectively for (5.D).




PETROGRAPHIC INVESTIGATION AND SEM-EDS ELEMENTAL MAPPING

Magnetite within Black lumpy microfacies
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Fig. 6: A) & B) Thin section of studied sample (IG-BIF-1) under PPL and RL respectively. Note the presence of black lumps as clusters of
sulfides (yellow dashed outlined) within the jaspillite layer; C) enlarged view of the black lumps marked by hollow red rectangle within (6.B)
under RL; D) SEM image of the area marked with red hollow rectangle within (6.C); E), F) & G) SEM-EDS elemental mapping of Si, Fe and
S respectively for (6.D); H) RAMAN data for the point P2 within (6.D).
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Larger Pyrite grains within Red and Green lumpy microfacies
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Fig. 7: A) Association of
Black lumps as
disseminated pockets
within Red lumpy
microfacies along with a
larger variety of pyrite; B)
Enlarged view of the area
marked by red hollow
rectangle within (7.A);
C), D), E) & F) SEM-
EDS elemental mapping
of Si, Fe, S an P
respectively for (7.B); G)
Large pyrite grain in
association with green
lumpy microfacies; H)
Enlarged view of the area
marked by red hollow
rectangle within (7.G); 1),
J), K) & L) SEM-EDS
elemental mapping of Si,
Fe, S an P respectively for
(7.H) [note the
enrichment of P within
the larger pyrite grains].
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Fig. 8: Schematic diagram for A) Iron (Fe) and Sulfur (S) cycling within Archean ocean; B) & C) role of microbiota during authigenic
and early diagenetic stages to form the primordial mineral assemblages along with the effect of different types of shrinkage cracks in

modifying the primary precipitates. [Bebie and Schoonen 1999; Rasmussen et al, 2024; Wang et al., 2023 and references therein]




CONCLUSIONS

The Late Archean BIF of the Chitradurga Schist Belt (CSB), particularly within the lowermost Vanivilas Formation
(BIF-11), preserves primary features with greenalite-rich assemblages in a chert matrix, precipitated from anoxic,
hydrothermally influenced seawater and modified by late stage events. Three distinct microfacies have been identified-
red (greenalite + hematite + siderite), green (greenalite + siderite + apatite £ magnetite/pyrite), and black
(greenalite + pyrite), separated by shrinkage cracks.

Shrinkage cracks may form due to diagenetic dehydration of ferrihydrite and greenalite, hydrostatic overpressure,
rapid fluid escape, and, most significantly, episodic heat influx in a back-arc basin. Their formation is critical, as it
signifies the termination of active biogeochemical cycles.

The formation of magnetite within the primary depositional environment associated with these microfacies can be
explained in two distinct stages:(1) Authigenic stage: Submicron-scale, euhedral magnetite occurs as a lump-forming
mineral within green lumpy microfacies, while nanoscale magnetite is found in association with pyrite within black
lumpy microfacies; (2) Early diagenetic stage: Anhedral magnetite is observed along the periphery of red lumpy
microfacies.

Iron (Fe) and Sulfur (S) in the Archean ocean were likely part of a coupled biogeochemical cycle, primarily sourced
from hydrothermal vents and transported upward through upwelling. Upon reaching photic zones, they were oxidized by
photosynthetic bacteria to form ferrihydrite and dissolved sulfate, and subsequently settled together on the ocean floor
under anoxic conditions.
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