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Abstract

Foraminiferal morphogroups reveal their responses to palaeoenvironmental and palaeoecological changes. The foraminiferal
morphogroups of the early-mid Cretaceous in northeastern Rafsanjan have been investigated with an interest in palaeoenvironmental
changes. According to the shell forms, coiling modes, and life positions linked to the lifestyles and feeding strategies, eleven
morphogroups, including one planktonic and ten benthic foraminiferal morphogroups, were identified. The planktonic morphogroup
includes various species of the genus Hedbergella, showing an open marine eutrophic environment in the lower part of the section.
In the upper part of the section, the bioclasts are characterized by the dominance of conical and discoidal orbitolinids. Their
distribution patterns reflect changes in environmental conditions. In the initial and final intervals of the upper part, conical
orbitolinids are dominated and associated with micro-encrusters (Lithocodium-Bacinella). The peloidal packstones to wackestones
facies in these succession, demonstrate the low-energy conditions. This association suggests an oxygenated and shallow water
lagoonal environment. However, a few numbers of planktonic foraminifera and oligosteginids in the final layers suggest a minor
increase in depositional water depth. Discoidal orbitolinids and calcareous algae associated with skeletal fragments of invertebrates,
ooids and detrital particles are the most common constituents of the middle intervals. Complete to partial micritization and micrite
envelope around bioclasts are common. These suggest unstable, fluctuating environmental conditions with higher energy currents,
resulting in the reworking of skeletal grains. The diverse fossil fauna, larger benthic foraminifera, and the predominance of
epifaunal relative to infaunal foraminifera in most horizons of the upper part reflect a well-oxygenated and good trophic level
environment.
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Introduction

Foraminifera are good indicators of the ecological factors of
ancient water environments, including palaeobathymetry,
bottomwater dissolved oxygen, and primary productivity. In
recent decades, some studies have been done to reconstruct
the palaeoenvironment by using morphological (test form,
life position, and feeding strategy) characteristics (Nagy et al.
2009). In this study, foraminifera fossils in the Earlt to Middle
Cretaceous marine carbonate succession of northeastern
Rafsanjan were analyzed to interpreting palaeoenvironmental
conditions.

Material & Methods
A total of 65 benthic and planktonic foraminiferal genera
were extracted from the 100 limestone samples in the

Gezeresh section, 40 km northeastern Rafsanjan city, Kerman
Province, Iran. Foraminifera were classified into
morphological groups according to morphological features
(general shape, mode of coiling, chamber arrangement,
feeding strategy and life habitat). In this study, the
morphogroups classification were modified from the
planktonic morphogroup schemes of Premoli Silva and Sliter
(1999), Lowery et al. (2014), Price and Hart (2002) as well as
benthonic morphogroup schemes of Bernhard (1986); Jones
and Charnock (1985), Koutsoukos and Hart (1990), Nagy
(1992), Tyszka (1994), Szydlo (2004), Nagy et al. (2009),
Reolid et al. (2008a,b), Reolid et al. (2012a,b) and Smolen
(2012).

Discussion of Results & Conclusions
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The microfaunal content of the Gezeresh section is
dominated by foraminifera, but calcareous algal and
vertebrate particles are also abundant in some horizons. Both
benthic and planktonic foraminifera are present. Eleven
morphogroups including, one planktonic and ten benthic
foraminiferal morphogroups were identified according to
morphological features (general shell morphology, aperture
position, mode of coiling and number of chambers).
Morphogroup MPA includes non-keeled, small-sized and
simple morphotypes of trochospiral Hedbergella planktonic
foraminiferal species. Most of the benthic tests are distributed
within the following morphogroups: 1- Agglutinated
foraminiferal morphogroups with a general dominance
include AG-A to AG-G morphotypes. 2- Calcareous
foraminiferal morphogroups comprising: porcelaneous (CP-
A) and hyaline tests (CH-A and CH-B). Morphogroup AG-A
includes rounded to plano-convex and biconvex multilocular
shells with spiral chamber arrangement, planispiral and
trochospiral coiled tests (Haplophragmoides, Nezzazata,
Nezzazatinella Trochaminoides and  Debarina).
Morphogroup AG-B comprises flattened and discoidal forms
(Glomospira, Glomospirella). Morphogroup AG-C includes
elongated, subcylindric multilocular forms with infaunal
habitats and it was divided into three subgroups: AG-C1
comprises uniserial tests (Reophax), AG-C2 consists of forms
with a planispiral or streptospiral initial stage, later uniserial
(Ammobaculites, Novalesia, Feurtillia, Turriglomina,
Pseudolituonella) and AG-C3 consists of elongated biserial
and triserial forms (Gaudryina, Textularia, Arenobulimina,
etc.). Morphogroup AG-D comprises conical forms with a
short early trochospiral initial stage followed by a more
prominent biserial final stage (Cuneolina, Sabaudia
Vercorsella and Akcaya). Morphogroup AG-E is represented
by subspherical to flattened tests with early stages
planispirally ~ coiled and later  uncoiled  tests
(Pseudocyclammina and Torremiroella). Morphogroup AG-F
comprises finely agglutinated lenticular to subglobular forms

and uncoiled tests in the last one or two chamber tests
(Charentia, Mayncina and Nautiloculina). Morphogroup AG-
G comprises larger benthic foraminifera with low to high
conical tests and apically situated embryonal apparatus. The
porcelaneous CP-A morphogroup was characterized by a
discoidal flattened spiral and elongated test shape. The
hyaline tests are distributed within the following
morphogroups: Morphogroup CH-A consists of calcareous
discoidal to flattened shapes (planispiral) and plano-convex
(trochospiral) forms (Trocholina, Concospirillina,
Neotrocnholina) and Morphogroup CH-B is composed of
biconvex (lenticular), planispiral and multilocular forms
(Lenticulina).

The foraminiferal morphogroups identified in this study
occur with different percentages throughout the analyzed
succession. The distribution of foraminiferal assemblages in
two lithostratigraphic units of the Gezeresh section shows the
dominance of planktonic and benthic foraminifera (mainly
orbitolinids) in the lower and upper parts of the section,
respectively. The dominant planktonic taxa are
Hedbergellidae (r-strategists) which reflects meso- to
eutrophic conditions (Premoli Silva and Sliter 1999). The upper
part of the studied section is characterized by mixed, diverse
biota including various foraminifera, echinoderms, bivalves,
corals and gastropods. Orbitolinids (mainly conical forms)
are common. These levels indicate more favorable conditions
for agglutinated foraminifera, including taxa represented,
mainly by larger benthonic Orbitolina. While, the calcareous
forms are minor ones, including taxa represented mainly by
miliolids. The distribution patterns of the diverse biota
(especially orbitolinids) suggest shallow water marine,
oxygenated and rich trophic resource conditions for most
levels of the upper part of the succession. However, locally
invertebrate floatstones and rudstones and a high amount of
reworked  bioclasts  suggest unstable,  fluctuating
environmental conditions with higher energy currents for
some middle horizons (Pittet et al. 2002).
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Table 1- Morphogroup categories of firaminiferal assemblages from the studied section
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Table 1 (continued)
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Fig 4- Proportions of foraminiferal morphogroups in the studied section
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Plate 1- Morphogroups MPA (1-5), AG-A (6-9), AG-B (10), AG-C1 (11), AG-C2 (12-14), AG-C3(15-20), AG-E (21).
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Plate 2- Morphogroups AG-D (1-3), AG-F (9-11), AG-G (5-8), CP-A (4, 12-14), CH-A (15), CH-B (16-18).
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