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coefficients. An effective and efficient stra-
tegy must be used for the heritage paintings 
of India in view of their chemical compo-
sition and long-term preservation; other-
wise they will permanently fade. 
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Coloured bivalves from the Middle Eocene of Kutch, India 
 
Fossiliferous, shallow marine Palaeogene 
rocks are well exposed in Kutch, Gujarat, 
India1. Among diverse Paleogene fossils of 
Kutch, the Middle Eocene bivalves have 
been studied by several workers in the con-
text of systematics, ontogeny and biostrati-
nomy2–5. In the present study, we report 
pigment-bearing Middle Eocene ostreid bi-
valve Flamingostrea sp. Vredenburg from 
western Kutch (Figure 1). The previously 
reported coloured mollusc from Kutch was 
from the Jurassic age6. 
 Spats (L = 0.54–1.13 cm, H = 0.52–
1.37 cm) of pigment-bearing Flamingostrea5 
were collected from the obtusus bed (a 
marker bed) occurring in the upper part of 
the Harudi Formation1 in Harudi village 
(23°30′30″, 68°41′10″), western Kutch 
(Figure 2). The present collection consists 
of 25 pigment-bearing, dissociated, left-
valve specimens of Flamingostrea. This 
bivalve grows by cementing its left valve 
on a hard substratum. Tests of larger fora-
minifera Nummulites obtusus (Sowerby) 
Form B are commonly used as a substrate 
by Flamingostrea5. The attachment site of 
the left valve is markedly thin compared to 
the rest of the valve. The pigment-bearing 
valves of Flamingostrea exhibit various 
shades of red colour; darker specimens 

exhibit deep purple colour. The shell color-
ation is restricted to the inner surface of 
the valves. Portions of the valves lacking 
the pigment appear dull brown. External 
factors such as taphonomic iron staining of 
the Flamingostrea specimens may be ruled 
out as a possible cause for valve colouration 
because such staining would equally affect 
both the inner and outer surfaces of the bi-
valve along with the foraminiferal substrate7. 
In this context, it may be noted that the 
outer valve surface of the bivalve and the 
foraminiferal substrate are devoid of col-
our and appear dull brown. Platinum-coated 
SEM study of the pigment-bearing Fla-
mingostrea specimens revealed the pres-
ence of preserved, elongated, block-like 
melanosomes within the valve (Figure 3). 
Such melanosomes are conspicuously absent 
in the non-pigmented shells (Figure 4). 
 In fossilized shells spanning the entire 
Phanerozoic, pigment preservation has been 
a rare phenomenon8. Traces of original pig-
ment could be preserved as molecular fos-
sil9. Shell pigments in the living molluscs 
are considered as metabolic waste that gets 
incorporated within the shell10,11. It has 
been observed that in the present-day gastro-
pod Haliotis asinine, pigments originate 
from the invaginations of the epithelial

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 1. Various shades of red colour preser-
ved in the left valve of Flamingostrea sp. Speci-
mens collected from the obtusus bed of Harudi 
Formation, Harudi village area, western Kutch, 
Gujarat, India. a–f, h, Flamingostrea sp. atta-
ched to larger foraminifera  Nummulites obtusus 
(Sowerby) Form B. g, Flamingostrea sp. atta-
ched to a broken bioclast (fragmented bivalve?). 
Specimens in (a) and (e) were earlier illustrated 
in grey scale5. Scale bar = 2 mm for all figures. 
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Figure 2. a, Geological map of the area around 
Harudi village showing sampling locations from 
the obtusus bed. b, Litholog of Harudi Forma-
tion from the type locality. Beds A and B repre-
sent macroinvertebrate shell beds, while bed C 
represents the obtusus bed. Stratigraphic inter-
vals 1, 2 and 3 represent the upper part of Naredi 
Formation, Harudi Formation and lower part of 
Fulra Limestone respectively. 
 
 

 
 
Figure 3. Platinum-coated SEM photograph 
of pigmented (purple colour), broken specimens 
of Flamingostrea sp. collected from the obtusus 
bed of Harudi Formation, Kutch. Note dense 
packing of elongated block-like melanosomes. 
They compare well with the illustrations of ex-
perimentally mature melanosomes from extant 
taxa21. (Inset) Broken specimen of Flamingo-
strea sp. under a binocular microscope before 
platinum coating for SEM examination. Scale 
bar = 2 mm. 

 
 
Figure 4. SEM photograph of a colourless 
specimens of Flamingostrea sp. collected from 
obtusus bed of Harudi Formation, Kutch. Note 
conspicuous absence of melanosomes within the 
valve. (Inset) Specimen of Flamingostrea sp. 
under a binocular microscope before platinum 
coating for SEM examination. Scale bar = 2 mm. 
 
 
mantle cells12. Shades of red colour in the 
presently studied Flamingostrea specimens 
likely indicate differential preservation of 
the pigment melanin – a complex biopoly-
mer comprising dark brown–black eumela-
nin and orange–red pheomelanin13. This 
pigment exhibits high resistance to decay 
and has been encountered in Eocene, Jura-
ssic and Triassic vertebrate and invertebrate 
fossils14–18.  
 The obtusus bed of the Harudi Formation 
was formed under a low sedimentation re-
gime19, resulting in the accumulation of 
larger foraminiferal bioclasts and a host of 
sclerobionts (epibenthic worms, endolithic 
fauna and algae, attached bivalve and coral, 
encrusting bryozoa and unidentified 
foraminiferal predator). While sclerobionts 
thrive under oxic conditions, light and oxy-
gen are known to degrade pigment fossili-
zation20. It appears that rare sediment 
influxes may have locally entombed the 
Flamingostrea specimens and successfully 
preserved their pigment content. Further 
studies are required to understand the nature 
and preservation of the pigment present in 
the Flamingostrea specimens. 
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