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Record of rhodoliths from Aramda
Reef Member (Late Pleistocene to
Holocene) of Chaya Formation,
Dwarka—Okha area, Gujarat and their
paleoenvironmental significance
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'Postgraduate Department of Geology, Nagpur University,
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Rhodoliths are defined as ‘certain more or less nodular
forms of nongeniculate coralline algae with a nucleus and
a number of concentric thallus layers around them’.
In the present study we have recorded rhodoliths from
Units II, III and IV of Aramda Reef Member (Late
Pleistocene to Holocene) of Chaya Formation, Dwarka—
Okha area, Gujarat. Unit I rhodoliths are multispecific,
discoidal, columnar concentric type and multispecific,
ellipsoidal, branching class IIT and class IV type. Unit
IIT rhodoliths are multispecific, ellipsoidal, laminar,
concentric type and multispecific, spheroidal, laminar
boxwork type. Unit IV rhodoliths are multispecific,
spheroidal, laminar, concentric type and multispecific
ellipsoidal, laminar, concentric type and multispecific,
spheroidal, branching class IV type. The thin-section
study of rhodoliths reveals the presence of nongenicu-
late algal genera such as Lithoporella, Lithothamnion,
Lithophyllum, Porolithon and Sporolithon and geniculate
coralline alga Amphiroa. The rhodoliths and other algal
assemblages point to high energy conditions with
turbulence during the deposition of Units II and IV and
low to moderate energy conditions during the deposition
of Unit III of Aramda Reef Member.

CORALLINE algae have been known as the most important
agents in the building of carbonate sequences since the early
Palaeozoic'. Many studies have shown that coralline algae
are reliable palacoenvironmental indicators®®. The calcified
skeletal tissue enables coralline algae to construct algal
reefs*”® and rhodoliths™. Rhodoliths are defined as ‘cer-
tain more or less nodular forms of unattached nongeniculate
coralline algae which have developed around a nucleus
and which usually consist of a number of concentric thallus
layers’'®. Rhodoliths containing monospecific and multi-
specific nongeniculate coralline algae have been described
from several parts of world like Norway“, Francelz,
Bermuda9’13, IrelandM, Maltals’”, Floridals, Italy19 and
Australia®®. From India, Rao et al.*' have documented
carbonate nodules containing foraminifera and coralline
algae from Late Quaternary deposits along the shelf break
between Goa and Cape Comorin and discussed their signifi-
cance in environment and sea-level changes. In the present
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Figure 1. Geological map of study area®.
Table 1. Lithostratigraphic succession of Chaya Formation, Dwarka—Okha area (after Bhatt**)
Stratigraphic unit Lithology Age
Beach and dune sands, tidal clays and Holocene

Holocene deposits

Off-white coloured bioclastic limestone

Late Pleistocene—Holocene

Middle — Late Pleistocene

alluvium
Unconformity.
Aramda Reef Member Coral Reef Limestone
<& ¢m
= § Okha Shell Limestone
5 = Member (10 m) and conglomerate
=

Dwarka Formation

Unconformity.

Bioclastic limestones,
variegated clays and shales

Middle Miocene —
Pliocene

communication rhodoliths from Aramda Reef Member
(Late Pleistocene to Holocene), Chaya Formation, Dwarka—
Okha area, Gujarat (Figure 1) are described morphologically
and interpreted for their palacoenvironmental significance.
Bhatt™ lithostratigraphically classified the Neogene—
Quaternary carbonate deposits of Dwarka—Okha area, of
Gujarat as Gaj Formation, Dwarka Formation and Chaya
Formation. He subdivided the Chaya Formation of Pleisto-
cene—Holocene age into the Lower Okha Shell Limestone
Member and Upper Aramda Reef Member (Table 1). The
Okha Shell Limestone Member (Middle to Late Pleisto-
cene) represents bioclastic shore deposits™, whereas the

CURRENT SCIENCE, VOL. 83, NO. 10, 25 MAY 2005

Aramda Reef Member (Late Pleistocene—Holocene)
represents dead coral reef””. The radiocarbon dates of corals,
gastropods and foraminifers ages from Aramda Reef Member,
Chaya Formation®* are 41.2 and 18.3 Ka BP. Pandey et al.”
re-examined the Aramda Reef Member for faunal assem-
blage, sequence stratigraphy and depositional environ-
ment. On the basis of biotic community associated in
Aramda Reef Member, they proposed that this could be
divisible into the Lower and the Upper sequences. Further,
the Lower sequence is subdivided into Unit I and Unit 1T
and the Upper into Unit III and Unit IV (Figure 2). Pandey
et al.” have noted the presence of coralline algae in all
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Table 2

Field photograph and lithosection of study area.

Classification of rhodoliths (after Bosence®)

Spheroidal

Ellipsoidal

Discoidal

Monospecific
Multispecific

—%

Laminar Concentric (Con) or

Boxwork
Branching Classes I, I, IIT, TV
Columnar

For example multispecific, spheroidal, laminar, concentric type rhodolith or (M,S, L, Con); Monospecific
ellipsoidal branching class IIT type rhodolith or {Mono, E, B, Class III).

four units and illustrated a solitary alga Lithothamnion,
which in fact is a fragment of coralline alga from Unit IL
Kundal and Dharashivkar®*?® have documented a rich as-
semblage of benthic nongeniculate and geniculate coral-
line algae from Dwarka Formation and Chaya Formation of
Dwarka—Okha area, Jamnagar district, Gujarat. The studied
rhodolith samples are collected from the Aramda Reef
Member of Chaya Formation exposed in a shallow dug well
of large diameter located near the Shaktipeeth Temple, 1.75 km
NW of Mithapur village, Dwarka—Okha area (Figure 1).

Bosense ® made significant contributions on rhodoliths
and classified them into two major groups as monospecific
and multispecific types, and based on morphology and
structure into spheroidal, ellipsoidal and discoidal types.
These are subdivisible into laminar, branching and columnar
forms. Depending on growth habits laminar forms can be
either concentric or boxwork type and branching forms,
depending on intensity and complexity of branching,
could be further separated into branching class I, 11, 11T and
IV type (Table 2).
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Unit I, whose base is not seen, is 30 cm thick and mostly
comprises branching and massive corals like Acropora,
Favia and coralline algae®. However, we have not identi-
fied coralline algae from this unit. Unit II is about 60 cm
thick and comprises coralline algae. It has been designated as
algal framestone by Pandey et al.”. Detailed examination
indicated the presence of multispecific, discoidal, columnar
(Figure 3 a) type thodolith and multispecific, ellipsoidal,
branching class IIT (Figure 3 g) and class IV (Figure 3 d)
type rhodoliths. Class IIT and Class IV branching rhodoliths
are differentiated on the basis of complexity and type of
branching. In Class III type (Figure 3 g), the branches are
less intermingled compared to Class IV type (Figure 3 d)
rhodoliths. The thin section examination of rhodoliths re-
vealed the presence of geniculate and nongeniculate coral-
line algae. Amphiroa (Figure 4i) represents geniculate
coralline and Lithothamnion (Figure 4 @) represents non-
geniculate coralline. Apart from coralline algae, Unit 11
has a rich and diversified ostracod assemblage and a few re-
worked corals”

CURRENT SCIENCE, VOL. 83, NO. 10, 25 MAY 2005
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Unit TI-Unit IIT contact can be separated by the appearance
of massive corals like Favia speciosa, Porites, Leptastrea
tranversa and other branching corals. It is also more ap-
propriate to state here that the rhodoliths are also totally
different and are more useful in defining the Unit II and
Unit III contact. Unit IIT is 30 cm thick and consists of coral
bafflestone”. Rhodolith samples collected from Unit III
are multispecific, ellipsoidal, laminar, concentric type
(Figure 3¢) and multispecific, spheroidal, laminar box-

Figure 3. Different morphological classes of rhodoliths. @, Rhodolith
showing two different habits {A). Multispecific, discoidal, columnar
concentric type and (B) multispecific, ellipsoidal, branching class IV
from Unit II. Specimen No. PGTDG/SCA/RHO/48. b, Rhodolith showing
multispecific, spheroidal, laminar concentric type from Unit IV. Specimen
no. PGTDG/SCA/RHO/53. ¢, Rhodolith showing multispecific, ellip-
soidal, laminar concentric type from Unit III. Specimen no. PGTDG/
SCA/RHO/51. d, Rhodolith showing multispecific, ellipsoidal, branch-
ing class IV type from Unit II. Specimen no. PGTDG/SCA/RHO/49. e,
Rhodolith showing multispecific, spheroidal, branching class IV type
from Unit IV. Specimen no. PGTDG/SCA/RHO/54. f, Rhodolith show-
ing multispecific ellipsoidal, laminar, concentric type from Unit IV.
Specimen no. PGTDG/SCA/RHO/55. g, Rhodolith showing multispecific
ellipsoidal, branching, class III type from Unit II. Specimen no. PGTDG/
SCA/RHO/50. h, Rhodolith showing multispecific, spheroidal, laminar
boxwork type from Unit III. Specimen no. PGTDG/SCA/RHO/52.
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work type (Figure 3 /). This unit is dominantly made up
of rhodoliths. The thin section examination indicated the
presence of nongeniculate coralline algae which are rep-
resented by algal genera distributed between Lithophyl-
loides and Sporolithoides. The Lithophylloides comprise
Lithophyllum (Figure 4 e and f) and Porolithon (Figure
4 b), and Sporolithoids is marked by Sporolithon (Figure
4 d). The Porolithon is predominant over Lithophyllum. Ben-
thic foraminifers and ostracodes are also associated with
them. This unit is also comprised of reworked fossils such
as bivalves, gastropods, crabs and shell fragments.

Unit IIT is conformably succeeded by Unit IV, which
comprises thodoliths that can be identified as multispecific,
spheroidal, laminar, concentric type (Figure 3 ) and multi-
specific ellipsoidal, lamilar, concentric type (Figure 3 5)
and multispecific, spheroidal, branching class IV type
(Figure 3 e). These are morphologically different classes
of rhodoliths and can be easily demarcated on the transition
from Unit IIT to Unit IV. These rhodoliths mainly comprise
of melobesioidean and mastophoroidean coralline algae.
The melobesioidean are represented by nongeniculate
coralline algal genera Lithothamnion (Figure 4c), Litho-
phyllum (Figure 4 1) and Porolithon (Figure 4 g), whereas
Amphiroa (Figure 4 h and i) marks the geniculate coral-
lines. Mastophoroideae is represented by the Lithoporella
(Figure 4 g). The other associated fossil groups are gastro-
pods, ostracodes, foraminifers and shell fragments. Almost
all the faunal fragments are reworked and derived from
underlying units”. Thus, the thin section study of rhodoliths
from Dwarka—Okha area reveals that the rhodoliths have
ubiquitous presence of nongeniculate algal genera such as
Lithoporella, Lithothamnion, Lithophyllum, Porolithon
and Sporolithon and geniculate coralline alga like Amphiroa.

Coralline algae occupy a large depth range, i.e. 0270 m
in the ocean bottom” and usually occur from low tide level
down to a depth of 25-30 m™. Bosense’' summarized the
relationship between coralline algae and turbulence of water.
He showed that coralline algae which live in high energy
conditions have thick crust and radial branching and those
that thrive in moderate to low energy conditions have deli-
cate framework with branching and concentric layers.
Rhodoliths are absent in Unit I. Unit II is characterized by
the presence of multispecific, discoidal, columnar, rhodolith
and multispecific, ellipsoidal, branching Class III and
Class IV type with coralline algae like the nongeniculate
Lithothamnion, Porolithon and geniculate alga Amphiroa.
This suggests high energy conditions with high turbulence.
Unit IIT has rhodoliths having multispecific, ellipsoidal,
laminar, concentric type and multispecific, spheroidal,
laminar boxwork type, consisting of nongeniculate coralline
algae which are distributed between Lithophylloides and
Sporolithoides, indicative of low to moderate energy condi-
tions. During Unit IV there was a recurrence of conditions
similar to Unit II, i.e. high energy conditions with high
turbulence as the rhodoliths are morphologically multispeci-
fic, spheroidal, laminar, concentric type and multispecific
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Figure 4. a, Lithothamnion sp. from Unit II. Specimen no. PGTDG/MF/SCA/384. b, Porolithon sp.
from Unit III. Specimen no. PGTDG/MF/SCA/386. ¢, Lithothamnion sp. from Unit IV. Specimen no.
PGTDG/MF/SCA/390. d, Sporolithon sp. from Unit III. Specimen no. PGTDG/MF/SCA/387. e, Litho-
phyllum sp. from Unit III. Specimen no. PGTDG/MF/SCA/388. f, Lithophyllum sp. from Unit III. Specimen
no. PGTDG/MF/SCA/389. g, Contact between Porolithon sp. and Lithoprella sp. from Unit IV. P, Poro-
lithon sp. and L, Lithoporella sp. Specimen no. PGTDG/MF/SCA/391. h, Amphiroa sp. from Unit IV.
Specimen no. PGTDG/MF/SCA/392. i, Amphiroa sp. from Unit II. Specimen no. PGTDG/MF/SCA/385.

ellipsoidal, laminar, concentric type and multispecific,
spheroidal, branching Class IV type and are comprised of
nongeniculate corallines demarcated by Lithoporella, Litho-
thamnion, Lithophyllum and Porolithon, whereas Amphiroa
marks the geniculate corallines. Based on nature of sediments
and different faunal assemblages, Pandey e al.> deduced
that Unit I and Unit II were deposited in lagoonal reefs
and Unit III and Unit IV were deposited in nearshore to
lagoonal beach environment. Thus the palacoenvironmental
conditions deduced based on rhodoliths from Units II to
IV broadly corroborate those surmised by us based on
rhodoliths.
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