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Abstract. The Rupelian Uromieh section of  the Qom Formation was analyzed with the aim to provide a first 
description of  its coralline algal assemblages, and benthic paleoenvironmental evolution through time. The presence 
of  Nummulites fichteli, Nummulites vascus, Halkyardia maxima and Subterraniphyllum thomasii, together with the absence of  
Nephrolepidina and Eulepidina confirm an early to middle Rupelian age. In the lower part of  the section, the abundance 
of  miliolids and corals suggests a proximal inner-platform environment, while upsection the increase in large rotaliids, 
coralline algae and bryozoans points toward a distal inner-platform/proximal middle-platform setting. Coralline algal 
assemblages support this interpretation, with Sporolithales and Hapalidiales becoming more common in the upper 
part of  the section. Within the coralline assemblage, Lithoporella melobesioides and Titanoderma pustulatum are two of  the 
most common species, together with articulated coralline algae. S. thomasii is more common in  coral-rich intervals, 
confirming that the distribution of  this species was confined to shallow-water environments. The specimens of  T. 
pustulatum recovered in the Uromieh section predate all the other known records of  this species, indicating that the 
origin of  T. pustulatum should be dated at least at the early Rupelian.
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IntroductIon

Coralline algae are one of  the most relevant 
carbonate producers in the photic zone of  mod-
ern oceans (e.g. Basso 2012; Riosmena-Rodríguez 
2017). They occur as binders stabilizing hermatypic 
coral reefs, produce autogenic bioconstructions (at 
both tropical and temperate latitudes), may form 
unattached free-living nodules (rhodoliths) and are 
able to colonize, with both crustose and articulat-
ed plants, almost any available hard substrate in the 
photic zone (Sanfilippo et al. 2011; Benzoni et al. 
2011). They commonly occur in the shelf  environ-
ment since the late Cretaceous and they are espe-

cially widespread in the Cenozoic (Bourrouilh Le 
Jan & Hottinger 1988; Halfar & Mutti 2005; Braga 
et al. 2010; Pomar et al. 2017). Coralline-algal lime-
stones are actually so common that they represent 
an important economic resource, hosting various 
large hydrocarbon reservoirs (Sattler et al. 2004; 
Vaziri-Moghaddam et al. 2006; Pomar et al. 2015; 
Coletti et al. 2017). Notwithstanding this extremely 
wide distribution, most coralline algae are not very 
useful in stratigraphy and relatively underemployed 
in paleoecological reconstructions, because of  the 
wide stratigraphic distribution of  most species, 
their complex and sometimes confusing taxonomy 
and geographically uneven record. 

The Qom Formation, one of  the main res-
ervoir in Iran (Yazdi-Moghadam 2011) is located at 
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the bridge between the Tethyan and the Indo-Pa-
cific region, a key area in a period during which the 
connection between the two bioprovinces was still 
active. Although a relatively well-established strati-
graphic scheme of  the Qom Formation is available 
(Reuter et al. 2009; Mohammadi et al. 2013, 2015; 
Yazdi-Moghadam et al. 2018) a taxonomic account 
and a paleoenvironmental analysis based on its cal-
careous red algae are presently lacking. The aim of  
this paper is to contribute to the knowledge of  the 
shelf  benthic associations recorded in the Rupelian 
of  Iran, by shedding light on the stratigraphic dis-
tribution of  calcareous red algae, as witness of  bi-
ogeographically relevant past seaways and migra-
tions.  

GeoloGIcal and stratIGraphIc settInG

The Iranian plateau is a tectonically active 
region within the Alpine-Himalayan orogenic belt. 
It is composed of  several structural units bounded 
by major faults and characterized by different sedi-
mentary sequences, such as: Zagros fold and thrust 
belt, Sanandaj-Sirjan Zone (SSZ), Uromia-Dokhtar 

Magmatic Arc (UDMA), Central Iran, Alborz, Ko-
pet Dagh, and eastern Iran (e.g., Stöcklin 1968; 
Stöcklin & Nabavi 1973; Berberian & King 1981) 
(Fig. 1). Central Iran is separated from SSZ by the 
UDMA and exhibits complex structural features 
that are the result of  a long geodynamic  history 
from Paleozoic time up to the present (Letouzey 
& Rudkiewicz 2005; Zanchi et al. 2009, 2016; Zan-
chetta et al. 2013, 2018). Central Iran and the Za-
gros segment formed a single continental unit prior 
to Permian rifting and opening of  the Neotethys 
Ocean. Following the subduction of  the Neote-
thys, which started during the Late Triassic-Early 
Jurassic, the northward migration of  the Arabian 
plate continued up to the continental collision with 
the Eurasian/Iranian plate during the Oligocene/
Miocene (Berberian & King 1981; Davoudian et 
al. 2016). The UDMA is marked by intense and 
long-lasting magmatic activity that peaked during 
the Eocene (e.g., Bina et al. 1986; Agard et al. 2011; 
Hassanzadeh & Wernicke 2016). The SSZ includes 
Proterozoic and Cambrian magmatic rocks and 
Paleozoic sedimentary cover, but is mainly char-
acterized by moderately metamorphosed rocks 

Fig. 1 - Study area and lithostratigraphic column of  the Uromieh section; the red bar with sample numbers indicates the investigated interval. 
A-B) Location of  the study area. C) Simplified geological map of  Iran (modified after Agard et al. 2011) showing the main tectonic 
subdivisions and location of  the studied section. D) Road map of  the study area.
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of  Jurassic age unconformably overlain by shal-
low water orbitolinid-bearing limestones of  Bar-
remian-Aptian age (Stöcklin 1968; Hassanzadeh 
& Wernicke 2016). The Arabia-Eurasia collision 
caused the deformation of  the SSZ, followed by 
the sedimentation of  extensive Oligocene-Miocene 
marine deposits (Morley et al. 2009).  The Lower 
Red Formation (Oligocene), the Qom Formation 
(lower Oligocene-middle Miocene), and the Up-
per Red Formation (Burdigalian-Tortonian) com-
prise the main stratigraphic units of  the Central 
Iran Basin (Furrer & Soder 1955; Gansser 1955; 
Abaie et al. 1964; Ballato et al. 2008; Mattei et al. 
2012). Furrer & Soder (1955) divided the Qom 
Formation into six members, including: basal lime-
stones, sandy marlstones, alternating marlstones 

and limestones, evaporites, green marlstones, and 
top limestones. Bozorgnia (1965) recognized the 
shallow marine Nummulites-bearing carbonates in 
the central part of  the basin, far from the Qom 
area, and considered these lower Oligocene strata, 
that he called “Unnamed Member”, as a part of  the 
Qom Formation. The investigated Uromieh area 
belongs to the Sanandaj-Sirjan Zone (Fig. 1) and 
the studied section of  the Qom Formation con-
sists of  Nummulites-bearing limestones that overlay 
thick polymictic conglomerates and are overlaid by 
marlstones rich in planktonic foraminifera (Fig. 1; 
Yazdi-Moghadam 2011). Due to their composition, 
the examined limestones can be lithologically cor-
related with the Unnamed Member of  the Qom 
Formation (sensu Bozorgnia 1965).

Fig. 2 - Overview of  the skeletal as-
semblages and facies of  the 
Uromieh section, that cor-
relates with the Unnamed 
Member of  the Qom For-
mation at the type locality. 
From the left: the first co-
lumn sketches the assembla-
ge variation along with the 
change of  relative dominan-
ce of  different taxa (sample 
numbers and sample spacing 
on the marked left line). The 
second column includes the 
results of  the visual estima-
tion based on comparative 
tables. The third column 
presents examples of  the 
distinct biofacies recorded 
in the section; number of  
representative sample in 
the upper left corner. The 
fourth column (on right) 
presents the distribution of  
the main biostratigraphic 
markers identified in the 
section. Legend for compo-
nents on the bottom right.
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MaterIal and Methods

The study is based on the analysis of  130 thin sections of  
samples collected south of  the city of  Uromieh in northwestern Iran 
(coordinates of  the base of  the section: Lat 37º20´35.4˝ N, Long 
44º56´15.6˝ E). The semi-quantification of  the skeletal grains was 
based on visual estimation (Baccelle & Bosellini 1965; Flügel 2010) 
of  the main carbonate components: miliolids, large rotaliids, coralline 
algae, colonial corals, echinoids, bryozoans. The less common com-
ponents (mollusks, green calcareous algae, serpulids and ostracods) 
have been grouped into the category other skeletal grains. The available 
material was not containing a sufficient amount of  corallines to ju-
stify their point-count quantification. Therefore, we only reported the 
occurrence of  the recognizable red calcareous algae along a sketch 
of  the stratigraphic section. The generic classification of  foramini-
fera follows Loeblich & Tappan (1987), Hottinger et al. (1991) and 
Hottinger (2007). Coralline algae growth-form terminology follows 
Woelkerling et al. (1993). The terminology for the vegetative anatomy 
of  fossil crustose taxa follows Hrabovský et al. (2015), using hypo-
thallus and perithallus as synonyms for ventral core of  basal filaments 

and peripheral zone, respectively, as widely used in early and modern 
phycological literature (among the most recent contributions: Cara-
gnano et al 2016; Hernandez-Kantun et al. 2016; Richards & Frede-
ricq 2018; Pezzolesi et al 2019). The features of  the vegetative thallus 
were observed along longitudinal radial sections (Quaranta et al. 2007; 
Vannucci et al. 2008). The diameter of  cells was measured including 
their wall; cell length was measured as the distance between two pri-
mary pit connections and includes the cell wall (Basso et al. 1996). The 
vegetative and reproductive features of  coralline algae were described 
and measured following Basso et al. (1996), Quaranta et al. (2007) and 
Vannucci et al. (2008). Higher rank coralline-algal taxonomy follows 
Woelkerling (1988), later modified by Harvey et al. (2003), Le Gall et 
al. (2009), Nelson et al. (2015), and Rösler et al. (2016). Adaptation to 
the paleontological use follows Braga et al. (1993) and Hrabovský et al. 
(2015). At genus level, the separation of  Phymatolithon from Lithotham-
nion in the fossil is based on the morphological features highlighted 
by Basso (1995) and in particular on the shape of  epithallial cells and 
relative length of  subepithallial initials (which are as short as or shor-
ter than underlying cells in Phymatolithon, while are as long as or longer 
in Lithothamnion). Diagnostic characters for species circumscription 
within the genus Sporolithon follow Maneveldt et al. (2017).

Fig. 3 - Benthic foraminifera of  the Uromieh section. A) Peneroplis; sample 168. B) Nummulites vascus (left) and Nummulites fichteli (right); sample 
227. C) Nummulites vascus; sample 211. D) Heterostegina; sample 209. E) Halkyardia maxima, axial section; sample 219. F) Halkyardia ma-
xima, cross-section parallel to the base; sample 232. G) Sphaerogypsina; sample 166.
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results

Benthic foraminifera (mainly miliolids and 
large rotaliids), hermatypic corals and coralline al-
gae dominate the Uromieh section, accompanied by 
less common echinoids and bryozoans. Other skel-
etal grains like mollusks, green calcareous algae, ser-
pulids and ostracods are rarer (Fig. 2). 

Benthic foraminifera
Miliolids (including Triloculina, Penarchaias, 

Peneroplis, Dendritina and Borelis; Fig. 3A) dominate the 
benthic foraminiferal assemblage from sample 147 
to sample 184. Large rotaliids become increasingly 
more common and clearly dominate from sample 
201 upward. The association includes Nummulites 
fichteli Michelotti, 1841 (sample 166 upward; Figs 
2, 3B), Nummulites vascus Joly & Leymerie, 1848 
(sample 187 upward; Figs 2, 3C), Halkyardia maxima 

Cimerman, 1969 (samples 168 to 232; Figs 2, 3E-F), 
Heterostegina (sample 169 upward; Fig. 3D), Operculina 
(sample 158 upward), Victoriella (samples 184 to 225), 
Neorotalia (sample 150 upward) and Asterigerinoidea 
(sample 165 upward). Sphaerogypsina (Fig. 3G) 
and Planorbulina are also present but they are less 
abundant. Agglutinated foraminifera are present in 
most samples; the encrusting agglutinated Haddonia 
is often present growing over coral fragments.

Coralline algae

Division rhodophyta Wettstein, 1901
Class FlorIdeophycIdae Cronquist, 1960

Subclass corallInophycIdae Le Gall 
& Saunders, 2007

Order Sporolithales Le Gall & Saunders, 2009
Family Sporolithaceae Verheij, 1993

Genus Sporolithon Heydrich, 1897

Fig. 4 - Sporolithon airoldii (Fravega) Vannucci, Quaranta, Basso, 2010. A) Sample 197. The fertile thallus shows three superposed sori (arrows), 
originally slightly raised above the surrounding thallus surface. B) Detail of  the monomerous structure and the overgrown coral 
(c) and encrusting coralline (ec). Red arrowhead to show the sorus originally raised above the surrounding thallus surface. C) Thin 
non-coaxial hypothallus (arrow); grid-like perithallus (p), and one sorus composed of  a single layer of  numerous elliptical sporangial 
compartments. D) Four sporangial compartments (s) separated by sterile paraphyses (arrows).
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Sporolithon airoldii (Fravega) Vannucci, 
Quaranta & Basso, 2010 

Fig. 4

Description. Thallus encrusting, about 500 
μm in thickness, with monomerous construction 
(Fig. 4A-C). Cell filaments composed of  small 
square cells, 6 to 11 μm in diameter and 9 to 13 
μm in length, both in the hypothallus and in the 
perithallus. The hypothallus is 50-95 μm thick and 
non-coaxial (Fig. 4C). The perithallus has a very 
regular, grid-like appearance. Cell fusions are pres-
ent. Trichocytes not observed. Sporangial com-
partments grouped into large sori, each one with 
tens of  compartments, whose surface is raised 4-5 
cells (about 60 μm) above the surrounding vegeta-
tive surface (Fig. 4 A-C). The sporangial compart-
ments are elliptical in shape, 25 to 45 μm in diam-
eter and 60 to 80 μm in height. The compartments 
are very close and may appear in contact or mostly 
separated by one or two sterile filaments (paraphy-
ses, Fig. 4D). The cells composing the paraphyses 
are longer than those of  the perithallus and about 
half  their diameter. Row of  elongated cells at the 
base of  the sporangial compartments absent. The 
sporangial compartment floors is flush with the 
surrounding vegetative surface. Remnants of  stalk 
cells can be observed within the sporangial com-
partments (Fig. 4C).

Remarks. During the Paleogene, the genus 
Sporolithon was a common element of  the Tethyan 
coralline algal flora (among others: Braga & Bassi 
2007; Basso et al. 2009; Brandano et al. 2010; Qua-
ranta et al. 2012; Coletti et al. 2016). Most of  the 
described Oligocene Tethyan species are character-
ized by large, rectangular, often remarkably elongat-
ed vegetative cells (e.g. Vannucci et al. 2000a; Bassi 
& Nebelsick 2000; Misra et al. 2001; Gale 2009; 
Aguirre et al. 2011). On the contrary, the species 
S. airoldii is very distinctive for its particularly small 
square cells and short sporangial compartments 
(Vannucci et al. 2010a). The studied specimen of  
Sporolithon perfectly matches the description of  the 
holotype (Vannucci et al. 2010a).

Distribution. This species is uncommon, 
occurring in the middle part of  the section (sample 
197), where it encrusts a coral fragment and over-
grows another unidentified, very thin encrusting 
coralline. The stratigraphic distribution of  S. airol-
dii ranges from the lower Rupelian to the Burdiga-

lian-Serravallian of  the western Tethys (Vannucci 
et al 2010a).

Sporolithon sp. 1 
Fig. 5

Description. Encrusting to warty-fruticose 
growth-form (Fig. 5A). Monomerous construction 
with a ventral core up to 130 μm thick. The hypo-
thallus is mostly non-coaxial, but hypothallial cells 
locally show a synchronous division, resulting in an 
imperfect coaxial organization (Johansen 1981; Fig. 
5B). Hypothallial cells are rectangular and elongat-
ed, 8 to 14 μm in diameter and 11 to 19 μm in 
length. The perithallus shows patches of  regularly 
arranged, grid-like, well-aligned cells, passing to lo-
cal wavy appearance and poor cell alignment, due 
to rectangular cells of  variable size 10 to 14 μm in 
diameter and 12 to 21 μm in length (Fig. 5B). Cell 
fusions are present. Trichocytes not observed. Tens 
of  sporangial compartments are grouped in very 
large sori, with their surface raised of  about 3-4 
cells (50-80 μm) above the surrounding vegetative 
surface (Fig. 5A, C), and with their base flush or 
slightly sunken (1 cell) below the surrounding veg-
etative surface. Sporangial compartments are quite 
slender and elliptical in shape, 35 to 55 μm in diam-
eter and 80 to 120 μm in height. The compartments 
are separated by a variable number of  paraphyses 
(mostly 2 to 3, up to 6), each one formed by 2-3 
cells much longer than those of  the surrounding 
perithallus. Stalk cells were not observed within the 
compartments. Row of  elongated cells at the base 
of  the sorus not observed (Fig. 5D). 

Remarks. This species differs from S. 
airoldii in having much larger vegetative cells and 
sporangial compartments. Several living and fossil 
species have been described within the genus, but 
the diagnostic morphological characters for their 
circumscription are still poorly defined, while most 
fossil species require a revision within a modern 
systematic approach (Hrabovský et al. 2015). For 
these reasons and in consideration of  the paucity 
of  the available material we leave the species in 
open nomenclature. 
Distribution. Sporolithon sp. 1 occurs in the upper-
most part of  the section (Sample 234, Fig. 5), at-
tached to hard substrates (micritized bioclasts, bry-
ozoan colonies, encrusting thalli of  other coralline 
algae and Peyssonneliales).
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Sporolithon sp. 2 
Fig. 6

Description. Thallus encrusting to fruticose, 
with a monomerous construction (Fig. 6A). Non-co-
axial plumose hypothallus up to 190 μm thick, giving 
rise toward the thallus surface to the perithallial fila-
ments (Fig. 6A, B). Perithallial cells rectangular, with 
very variable length in adjacent filaments and within 
the same filament (8 to 12 μm in diameter and 10 to 
24 μm in length) (Fig. 6D). Sporangial compartments 
isolated or grouped in sori, each compartment about 
100 μm high and 50-57 μm in diameter, but most-
ly obliquely cut, thus preventing a precise measure-
ment and the detection of  the shape of  the cells at 
the base of  the sporangial compartments (Fig. 6C). 
One specimen showed the same vegetative anatomy 
and the occurrence of  both isolated sporangial com-
partments and gametangial conceptacle chambers in 

the same plant. Gametangial conceptacles buried in 
a protuberance were pear-shaped, about 50 to 100 
μm in diameter and 50 to 120 μm high (Fig. 6D). 

Remarks. The co-occurrence of  gametangial 
and sporangial conceptacles in the same Sporolithon 
plant was described by Verheij (1993) and report-
ed for the first time in the fossil by Hrabovský et 
al. (2015) for Sporolithon lvovicum (Maslov). The ob-
served features of  the vegetative and reproductive 
anatomy of  Sporolithon sp. 2 are compatible with 
the original description of  S. lvovicum provided by 
Bassi et al. (2007). However, given the scarcity and 
incompleteness of  our material we keep the taxono-
my in open nomenclature. The sporangial plant and 
the sporangial/gametangial plant occur in different 
beds of  the upper part of  the succession (Fig. 6), 
therefore their conspecificity, although supported by 
the anatomical evidence, must be considered with 
caution.

Fig. 5 - Sporolithon sp. 1. A) Sample 234. A fertile protuberance with several generations of  sori buried in the thallus (arrows). B) Monomerous 
construction. The synchronous division of  the hypothallial cell filaments results in an incomplete, local coaxial arrangement (red 
arrowheads). Note the variable length of  the perithallial cells of  adjacent filaments. C) A magnification of  three sori. D) A detail of  
three sporangial compartments showing the elongate cells in paraphyses (arrows) and absence of  elongated cells at the base of  com-
partments.
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Distribution. The sporangial thallus of  Sporo-
lithon sp. 2 occurs in the upper part of  the section 
(Sample 229, Fig. 6), attached to solid substrates 
(micritized bioclasts, bryozoan colonies, encrusting 
thalli of  other coralline algae and Peyssonneliales). 
The gametangial/sporangial thallus was observed in 
sample 227.

Order Hapalidiales Nelson, Sutherland, Farr & 
Yoon, 2015

Family Hapalidiaceae Gray, 1864
Subfamily Melobesioideae Bizzozero, 1885

Genus Lithothamnion Heydrich, 1897

Lithothamnion cf. giammarinoi Fravega, Piazza 
& Vannucci, 1993 

Fig. 7

Description. Thallus encrusting, less than 
500 μm thick. Monomerous organization with 
mostly thin (about 50 μm or less) non-coaxial to 
plumose ventral core, up to a maximum thickness 
of  100 μm (Fig. 7A). Hypothallial cells rectangular 
and elongated, 7 to 10 μm in diameter and 13 to 18 
μm in length. Perithallus composed of  small sub-
square cells 8 to 12 μm in diameter and 8 to 12 μm 
in length. Cell fusions are present in both the hypo-
thallus and the perithallus. Sporangial multiporate 
conceptacles elliptical in longitudinal section (LS). 
The conceptacle chambers are 475 to 700 μm in 
diameter and 185 to 210 μm in height. The roof  
of  the conceptacle is convex, about 50 μm thick, 
composed of  filaments less than 10 cells long. Pore 
canals are cone-shaped, about 25 μm in diameter at 
their proximal end, and tapering toward the surface 
of  the conceptacle (Fig. 7B).

Fig. 6 - Sporolithon sp. 2. A) Sample 229. Monomerous construction. Note the thick plumose hypothallus, with cells bending upward and 
downward, on bottom right; the plumose organization is not visible on the left. B) Sample 229. Thick hypothallus with the same 
transition from plumose to non plumose (h). C) Sample 229. Sporangial compartments in oblique section, tangential on the one in the 
centre of  the figure (arrow), where the geometry of  nine cap cells at the top of  the sporangial compartment is visible (arrow). Note 
the transversally cut vegetative cells on the top. D) Sample 227. Longitudinal section of  three gametangial conceptacles (arrows). The 
two gametangial conceptacles on right have the typical pear-shaped outline, as reported in several species of  the genus Sporolithon. 
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Remarks. Due to the taphonomic overprint, 
it was not possible to identify the shape of  the epi-
thallial cells, though preserved at the thallus surface 
by the encrustation from other organisms. Howev-
er, the subepithallial initials appear longer than the 
underlying cells. This observation allows a confi-
dent placement in the genus Lithothamnion. The oth-
er observed vegetative and reproductive features are 
compatible with those of  the holotype of L. giamma-
rinoi (Fravega et al. 1993; Coletti 2016).

Distribution. L. cf. giammarinoi occurs in the 
middle part of  the section (Sample 184; Fig. 7). The 
observed specimen grew over a coral fragment. 

Order Corallinales Silva & Johansen, 1986
Family Corallinaceae Lamouroux, 1812

Genus Subterraniphyllum Elliot, 1957

Subterraniphyllum thomasii Elliot, 1957 
Fig. 8

Description. Thallus composed of  calcified 
intergenicula (Vannucci et al. 2000b), up to 2 mm 
in length and 500 μm in diameter. Some intergenic-
ula show dichotomous branching (Fig. 8A). Each 
intergeniculum is formed of  a central large-celled 
medulla and a peripheral small-celled cortex (Fig. 
8B-D). The medulla is organized in horizontal lay-
ers composed of  very large, polygonal, elongated 
cells, 30 to 70 μm in diameter and 50 to 110 μm 
in length. Lateral fusions are very common in the 
medulla. The medullary cells become significantly 
smaller and shorter toward the periphery of  in-
tergeniculum, where they form the cortex (Fig. 8 
C-D). The cortex is composed of  relatively small 
rectangular cells, elongated in LS. Cell fusions are 
common in the cortex (Fig. 8 C-D). Reproductive 
structures, as reported by Vannucci et al. (2000b) 
were not observed.

Remarks. This species was originally de-
scribed as a geniculate taxon, and later treated as 
such by most authors (Elliott 1957; Johnson 1966; 
Mastrorilli 1968; Lemoine 1977; Poignant 1985). 
Bassi et al (2000), based on the absence of  pre-
served genicula and the occurrence of  thallus 
branching, concluded that S. thomasii was not “seg-
mented” and was a non-geniculate taxon. However: 
1) some geniculate coralline algal species possess 
both branched segments (= bifurcating intergenic-

ula) and genicula (for example, species of  Amphi-
roa Lamouroux (Harvey et al. 2013) and Corallina 
Linnaeus (Johansen 1981)) therefore, thallus bifur-
cation and occurrence of  genicula are not mutually 
exclusive in coralline algae; 2) genicula are seldom 
preserved in fossil material (Bassi et al. 2000, and 
references therein); 3) Vannucci et al. (2000b) de-
scribed for the first time the reproductive anatomy 
of  Subterraniphyllum and some obviously articulated 
thalli, with derivative intergenicula connected with 
the parent intergenicula by a tapering end. There-
fore, we consider S. thomasii as a geniculate taxon. 

Distribution. S. thomasii is common in the 
studied section, especially between samples 189 and 
205 and between samples 217 and 226 (Fig. 8). The 
observed intergenicula are always isolated, howev-
er, the very distinctive vegetative anatomy of  this 
coralline leaves no doubt about its identification. 
Published reports of  this species span the late Eo-
cene to the early Miocene (Aquitanian), with com-
mon reports from the Oligocene (Mastrorilli 1968; 
Bassi et al. 2000; Vannucci et al. 2000b). However, 

Fig. 7 - Lithothamnion cf. giammarinoi Fravega, Piazza & Vannucci, 
1993. A) Sample 184. A fertile thallus encrusting another 
coralline and a coral (c). B) Magnification of  A) to show the 
monomerous construction, the thin non-coaxial hypothal-
lus (arrow), and the multiporate roof  (r) of  the conceptacle 
chamber, protruding over the surrounding thallus surface.
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the Miocene and Eocene reports are biostratigraph-
ically poorly constrained by the associated large 
foraminiferal assemblage, or not supported by ad-
equate illustrations, and cannot be verified. There-
fore, in agreement with Cahuzac & Poignant (1997) 
and Bassi et al. (2000), the stratigraphic distribution 
of  S. thomasii is reliably limited to the Oligocene.

Subfamily Lithophylloideae Setchell, 1943
Genus Titanoderma Nägeli, 1858

Titanoderma pustulatum ( J.V. Lamouroux) 
Nägeli, 1858 

Fig. 9

Description. Encrusting thallus of  variable 
thickness, from very thin and composed of  few 
cells, up to about 1 mm and >8 cells thick (Fig. 9A). 
Several thalli may be superimposed within each 
crustose specimen (Fig. 9C). Dimerous construc-
tion, with hypothallus composed of  a single layer of  

palisade cells 32-70 μm high and up to 29 μm wide 
(Fig. 9B). Perithallus characterized by palisade cells 
slightly smaller than those of  the hypothallus, 10 to 
25 μm in diameter and 23 to 58 μm in length. Cell 
fusions not observed. Trichocytes not observed. 
Presumed asexuate conceptacles are raised above 
the surrounding thallus surface (Fig. 9C-D). They 
are uniporate and flask shaped, with a conceptacle 
chamber 370 to 525 μm in diameter and 110 to 175 
μm high, with flat floor laying 2-3 cells below the 
thallus surface. Pore canal conical with a basal diam-
eter of  110 to 120 μm and a length of  85 to 120 μm. 
The apical end of  some pores is flared. The roof  is 
composed of  2 to 5 celled-filaments. The cells at 
the base of  the conceptacle chambers are generally 
shorter than those subtending them, in the vegeta-
tive part of  the perithallus (Fig. 9C-D).

Distribution. Among the non-endophyt-
ic species belonging to the genus Titanoderma, this 
species is distinctive because of  the unique com-
bination of  growth-form, shape and size of  the 

Fig. 8 - Subterraniphyllum thomasii Elliott. A) Sample 225. An intergeniculum showing dichotomous branching. B) Sample 167. The large polygo-
nal medullary cells sharply decreasing in size toward the periphery of  the intergeniculum to form a small-celled cortex. C) Sample 192. 
Cortical cell organization and numerous cell fusions (arrows) in longitudinal (C) and radial (D) section.
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sporangial conceptacle chamber and pore canal, 
depth of  the conceptacle chamber floor relative to 
the surrounding thallus surface, number of  cells lay-
ers forming the roof  of  the conceptacles, thallus 
thickness (Chamberlain & Irvine 1994; Harvey et al. 
2009; Van der Merwe & Maneveldt 2015). A large 
specimen of  T. pustulatum occurs in sample 180, in 
the lower half  of  the section, encrusting a coral. 
Small fragments of  T. pustulatum occur in most sam-
ples (Fig. 9). Based on these results, the presumed 
origin of  this cosmopolitan living species (Guiry & 
Guiry 2019) must be moved back to the early Ru-
pelian. 

Subfamily Mastophoroideae Setchell, 1943
Genus Lithoporella Foslie, 1909

Lithoporella melobesioides Foslie, 1909 
Fig. 10

Description. Thin encrusting thallus with 
dimerous construction. Applanate branches are 
commonly superposed in several layers (Fig. 10A). 
Hypothallus composed of  large rectangular cells, 12 
to 34 μm in diameter and 25 to 40 μm in height, 

Fig. 9 - Titanoderma pustulatum (J.V. 
Lamouroux) Nägeli, 1858. 
A) Sample 180. Thick spe-
cimen composed of  several 
fertile thalli (red arrowhe-
ads), bearing many unipo-
rate conceptacles with flat 
floor (arrows). B) Thallus 
showing dimerous construc-
tion, completely formed 
by palisade cells, larger in 
the monostromatic hypo-
thallus (arrows). C) and D) 
Magnification of  the vege-
tative, palisade cells. Note 
the lack of  cell fusions and 
the occurrence of  the typi-
cal, obliquely-cut epithallial 
cell (black arrow). E) and 
F) Detail of  two uniporate 
conceptacles originally rai-
sed above the surrounding 
thallus surface, with floor 3 
cells below the surrounding 
thallus surface (white num-
bers) and roof  formed of  fi-
laments protruding into the 
pore canal (black arrowhe-
ads). Note superimposed 
thalli (red arrowheads).

Fig. 10 - Lithoporella melobesioides Foslie, 1909. A) Sample 173. A thin 
thallus overgrowing a coral. B) Detail of  A) to show the 
square cells each one terminating with a small epithallial cell 
(arrow).
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commonly connected by cell fusions (Fig. 10B). Ep-
ithallial cells dome-shaped, 20 to 25 μm in diameter 
and 10 to 13 μm in height. In most cases, only the 
hypothallus is present.

Distribution. Relatively thick crusts, grow-
ing over corals and created by a large number of  
thalli stacked together, occur in samples 173, 225 
and 229 (Fig. 10). Smaller crusts and fragments oc-
cur in most of  the samples.

Lithoporella minus Johnson, 1964 
Fig. 11

Description. Thin encrusting thallus with 
dimerous construction. A single layer of  non-pal-
isade cells mostly 9-12 μm in diameter and 8-20 
μm long, connected by cell fusions, form applanate 
branches overgrowing one another (Fig. 11A-C). A 
single epithallial cell terminates each cell filament at 
the thallus surface. A thin perithallus is developed 

only encasing a uniporate conceptacle (Fig. 11D), 
which has a chamber 181 μm in diameter and 143 
μm high, including the conical pore-canal. 

Distribution. A well-developed thallus oc-
curs in sample 171bis (Fig. 11).

Remarks. It has been suggested that 
Lithoporella melobesioides could be conspecific with 
either Porolithon improcerum (Foslie & M. Howe) M. 
Howe, 1920 (Penrose in Womersley 1996; Harvey 
et al. 2006) or with a Mastophora species (Keats et 
al. 2009). In the fossil record, based on the small-
er cells, Lithoporella minus, rather than Lithoporella 
melobesioides, appears to be more closely related to 
Porolithon improcerum. The structure of  the observed 
conceptacle roof  (Fig. 11D), however, recalls the 
anatomical organization of  the genus Mastophora 
Decaisne (Caragnano et al. 2018).

Subfamily Neogoniolithoideae Kato & M. Baba, 2011 
emended Rösler et al., 2016

Fig. 11 - Lithoporella minus Johnson, 1964. A) Sample 171. A well-developed thallus formed by several applanate branches. B) Sample 235. 
Uniporate conceptacles in a fertile thallus (arrows). C) Sample 235. Thallus showing dimerous construction. Note epithallial cells over 
each basal cell. D) Sample 235. Uniporate conceptacle originally protruding over the thallus surface.
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Genus Spongites Kützing, 1841

Spongites sp. 1 
Fig. 12

Description. Thin encrusting thallus (about 
100 to 200 μm thick) with monomerous construc-
tion (Fig. 12A-C). Non-coaxial hypothallus com-
posed of  few filaments of  large polygonal cells (Fig. 
12B-C). Perithallus composed of  elongated rectan-
gular cells 7 to 13 μm in diameter and 13 to 28 μm in 
height. Adjacent perithallial filaments connected by 
common cell fusions (Fig. 12C). Trichocytes not ob-
served. The few observed conceptacles are incom-
plete and small, with internal cavities 250 to 270 μm 
in diameter and 105 to 115 μm in height (Fig. 12D).

Distribution. The specimen occurs in sam-
ple 228 (Fig. 12), growing around different skeletal 
grains. The hooked form of  the crusts suggests an 
epiphytic lifestyle.

Other coralline algae. Poorly preserved 
and/or fragmentary thalli lacking diagnostic char-
acteristics for species identification are present in 
most of  the section. Some of  the specimens can be 
included in the order Corallinales (samples 179, 189, 
215, 227). Among the material that preserves some 
diagnostic characters, we observed a fragmentary 
but fertile specimen (Sample 227, Fig. 13A) about 
100 μm thick (up to 250 μm in correspondence of  
the raised uniporate conceptacle). The conceptacle 
chamber is about 200 μm in diameter and 106 μm 
high, including the pore canal. The roof  filaments 
are oriented parallel to the pore canal (Fig. 13A). 
The thallus has dimerous construction, cell fusions, 
and sparse trichocytes. These characters collectively 
point to a species of  Hydrolithon, and possibly to H. 
lemoinei (Miranda) Aguirre et al. known from Oligo-
cene to Badenian (Aguirre et al. 2011; Hrabovský et 
al. 2015; Chelaru & Bucur 2016). 

Another specimen (sample 215) has a thin di-

Fig. 12 - Spongites sp. A) Sample 228. A hook-shaped, fertile thallus. B) Magnification of  the growing margin of  a thallus with monomerous 
construction, showing a ventral filament of  cells (hypothallus; arrows) dividing and bending toward the thallus surface. C) Sample 228. 
Detail of  the monomerous construction, thin non-coaxial hypothallus (h) and perithallus (p) with large cell fusions (arrow). D) Fertile 
thallus with a presumed uniporate conceptacle chamber (c) with flat floor.
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merous thallus with a hooked shape, up to about 110 
μm thick, composed of  cell filaments connected by 
cell fusions. It bears a uniporate conical conceptacle 
protruding above the surrounding vegetative sur-
face, whose chamber is 259 μm in diameter and 235 
μm high, including the pore canal. The roof  is com-
posed of  4-6 celled filaments running obliquely to 
the pore canal (Fig. 13B). Trichocytes not observed. 

The presence of  cell fusions exclude any affinity 
with the Lithophylloideae. The dimerous thallus 
excludes the possibility that it could represent a 
Neogoniolithon plant or a gametangial plant of  most 
Hapalidiales. On the base of  the observed features, 
a placement of  this probably epiphytic species in 
the newly erected subfamily Chamberlainoideae 
Caragnano, Foetisch, Maneveldt & Payri cannot be 

Fig. 13 - Coralline algae of  uncer-
tain taxonomic position. A) 
Sample 227. ? Hydrolithon 
lemoinei (Miranda) Aguirre 
et al. Thallus with dimerous 
construction, uniporate con-
ceptacle chamber with roof  
filaments parallel to the pore 
canal (white arrow). Note 
sparse trichocytes (black 
arrows). B) Sample 215. 
Chamberlainoideae ind. 
Note the thin dimerous thal-
lus and the uniporate con-
ceptacle chamber with roof  
formed by filaments run-
ning obliquely to the pore 
canal (arrow). C) Sample 
233. ? Spongites cf. personatus 
(Airoldi) Vannucci et al. A 
fertile monomerous thallus 
with a large and asymme-
tric uniporate conceptacle 
chamber. D) Thin hypo-
thallus and monomerous 
construction in superposed 
thalli of  ? Spongites cf. perso-
natus. E) Detail of  hypothal-
lus and flattened epithallial 
cells (arrows) of  ? Spongites 
cf. personatus. F) Sample 189. 
Non-coaxial hypothallus (h) 
and multiporate conceptacle 
chamber (mc) in Hapalidia-
ceae ind. (sample 189). G), 
H), Sample 219. Common 
fragments of  geniculate 
corallines. Note the thin 
encrusting non-geniculate 
corallines preventing the de-
tachment of  the two interge-
nicula (arrows) after the de-
composition of  the genicula 
(empty space=g).
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ruled out (Caragnano et al. 2018) however, we are 
not able to achieve any confident identification.

Although incompletely preserved, a specimen 
in sample 233 shows a large and asymmetric unipo-
rate conceptacle chamber, about 1 mm in diameter 
(Fig. 13C), a non-coaxial hypothallus (Fig. 13D), 
flattened to rounded epithallial cells (Fig. 13E), and 
the absence of  trichocytes, that collectively allow 
to speculate its correspondence with ? Spongites cf. 
personatus (Airoldi) Vannucci, Quaranta & Basso 
(2008). 

Other specimens likely belong to the order 
Hapalidiales (samples 189, 209, 225, 227, 229, Fig. 
13F). Most of  the observed specimens grew over 
coral fragments; others grew over large bioclasts or 
over the sediment. Articulated coralline algae are 
abundant and common in most of  the samples, 
particularly from sample 167 onward (Fig. 13G-H). 

Subclass rhodyMenIophycIdae G.W. Saunders & 
Hommersand, 2004

Order Peyssonneliales Krayesky, Fredericq & 
J.N. Norris, 2009

Family Peyssonneliaceae Denizot, 1968
Genus Polystrata Heydrich, 1905

Polystrata alba (Pfender) Denizot, 1968 
Fig. 14

Description. Thin thalli (100 to 200 μm) 
with foliose growth-form (Fig. 14A). Several thal-
li are irregularly superposed, each one composed 
of  a central monostromatic mesothallus of  large, 
square to polygonal cells, from which the perithal-
lial cell filaments (= postigenous filaments in Bassi 
1997) develop above (upper perithallus) and below 
(lower perithallus) (Denizot 1968; Kato et al. 2006). 
Perithallial filaments are composed of  cells of  de-
creasing diameter toward the thallus surface (Fig. 
14B). The cells of  each perithallial filament are con-
nected by primary pit connections. No reproductive 
structures observed. 

Distribution. P. alba occurs throughout the 
section, from sample 148 to sample 234 (Fig. 14). 
It is particularly abundant at the nucleus of  a rh-
odolith in sample 234. The observed specimens 
grew on various bioclasts, micrite, and encrusting 
coralline algae. The record of  Polystrata ranges from 
Early Cretaceous to Present (Rasser 2001). Among 

the living species, Polystrata fosliei (Weber van Bosse) 
Denizot is morphologically the closest to P. alba 
(Kato et al. 2006). The geographic distribution of  
P. fosliei includes the tropical and subtropical Atlan-
tic and Pacific Oceans, and the Mediterranean Sea 
(Guiry & Guiry 2019). 

BIoFacIes

Based on the dominant components, it is pos-
sible to identify the following skeletal assemblages 
along the section:

Miliolid facies
The lowermost part of  the section (sam-

ples from 14719 to 160) is characterized by grain-
stones-packstones largely dominated by a diverse 
assemblage of  porcellanaceous foraminifera (e.g. 
sample 14720; Fig, 2) including Dendritina cf. ran-
gi, Austrotrillina spp., Spirolina sp., Triloculina trigonu-
la (Lamarck), Triloculina spp., and Peneroplis thomasi 
Henson. Corals are also locally common, while large 
rotaliids and small fragments of  coralline algae are 
very rare. P. alba is the only calcareous alga identified 
in this interval with a single occurrence (Fig. 15). 

Fig. 14 - Polystrata alba (Pfender) Denizot, 1968. A) Superposed thalli 
in sample 234. B) Detail of  cell filaments.
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Miliolid-coral facies
From sample 161 to 177 the microfacies con-

sists of  wackestones to grainstones. Porcellanaceous 
foraminifera are still abundant (e.g. sample 168; Fig. 
2) and include the same assemblage as described 
for the Miliolid facies, with the addition of  Praer-
hapydionina delicata Henson and Penarchaias glynnjonesi 
(Henson). Hermatypic corals become much more 
common and often dominate the skeletal assem-
blage (in particular between sample 167 and sample 
177). Coralline algae, large rotaliids and echinoids 
also occur in this interval. The calcareous red algal 
association is composed of  rare P. alba, S. thomasii, 
L. melobesioides and L. minus (Fig. 15).

Coral-coralline algal facies
Further upward (samples from 178 to 200) 

the microfacies consists of  a packstones-grain-
stones characterized by a coral-dominated skeletal 
assemblage. Coralline algae and large rotaliids are 
significantly more common, while miliolids are less 
abundant (e.g. sample 192; Fig, 2). In this facies and 
in the Rotaliid-coralline algal facies upsection, the 
hyaline foraminifera reach their maximum diversi-
ty with several species of  nummulitids (Nummulites 
spp, Heterostegina sp., Operculina sp.); echinoids also 
occur. The algal assemblage is rather diversified, 
and composed of  P.alba, S. thomasi, T. pustulatum, L. 
melobesioides, S. airoldii, L. giammarinoi and other uni-
dentified Hapalidiales (Fig. 15).

Rotaliid-coralline algal facies
The samples 201 to 215 consist of  a pack-

stones-grainstones with large rotaliids dominating 
the skeletal assemblage, together with subordinate 
coralline algae (e.g. sample 208; Fig. 2). Corals and 
miliolids are remarkably less common than in the 
Coral-coralline algal facies; echinoids and bryozo-
ans are also present. The coralline association is 

composed of  S. thomasi, T. pustulatum and some 
fragmented thalli of  Hapalidiales ind. (Fig. 15).

Coralline algal-rotaliid facies
Upsection (samples from 215 to 238) the 

microfacies consists of  packstones dominated by 
coralline algae, that occur as fragments (e.g. sample 
221; Fig. 2) and rare, small rhodoliths. Large rotal-
iids are subordinate and, toward the top of  this in-
terval, Victoriella and Halkyardia maxima disappear. 
Miliolids, corals, echinoids and bryozoans are minor 
components of  the assemblage (Fig. 2). The coral-
line algal assemblage is composed of  S. thomasii, T. 
pustulatum, L. melobesioides, L. minus and Spongites sp. 1 
(Fig. 15), associated with an increase in Hapalidiales 
and Sporolithales (Sporolithon sp. 1, Sporolithon sp. 2). 
Scattered occurrences of  P. alba are also recorded.

dIscussIon

Biostratigraphy
N. fichteli, N. vascus and H. maxima, together 

with the absence of  either Nephrolepidina and 
Eulepidina, place the studied samples of  Uromieh in 
the biozone SB 21 of  Cahuzac and Poignant (1997), 
corresponding to early to middle Rupelian age 
(Zones O1 and O2 of  Wade et al. 2011) (Fig. 2). This 
interpretation is also supported by several regional 
biostratigraphic schemes (Racey 1994; Jones & Racey 
1994). The common presence of  S. thomasii, one of  
the few coralline algae used in biostratigraphy, also 
points to an Oligocene age for the studied interval 
(Mastrorilli 1968; Sartorio & Venturini 1988; Bassi 
et al. 2000; Vannucci et al. 2000b; Vannucci et al. 
2010b). Finally, the marlstones overlying the studied 
interval are placed in the biozone P20 of  Spezzaferri 
(1994), corresponding to a late Rupelian age, due 

Fig. 15 - Bar plots summarizing the 
occurrences of  red calca-
reous algae (non geniculate 
coralline algae and Peys-
sonneliales) in the five bio-
facies. Numbers in square 
brackets refer to the sam-
ple numbers as in Fig. 2.
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the occurrence of  Turborotalia ampliapertura (Bolli, 
1957), Globigerina praebulloides Blow, 1959, Globigerina 
tripartita Koch, 1926, Paragloborotalia nana (Bolli, 
1957), Subbotina yeguaensis (Weinzierl & Applin, 
1929) and of  Chiloguembelina cubensis (Palmer, 1934) 
(Yazdi-Moghadam 2011). This further supports an 
early to middle Rupelian age for the studied interval 
of  the Uromieh section.

Coralline algae and paleoenvironmental 
interpretation

The section presents a general deepening up-
ward trend (Fig. 2). This is testified by the change 
from a benthic foraminiferal assemblage dominat-
ed by shallow-water miliolids to one dominated by 
large-rotaliids, decreasing hermatypic corals and 
increasing coralline algae and bryozoans (Fig. 2; 
Montaggioni et al. 1986; Nebelsick et al. 2005, 2013; 
Basso et al. 2006; Brandano et al. 2009; Pomar et al. 
2015, 2017). The presence of  marlstones overlying 
the investigated interval further supports this inter-
pretation (Fig. 1; Yazdi-Moghadam 2011).

Crustose Corallinales and articulated coral-
line algae, including Subterraniphyllum, dominate the 
coralline algal assemblage along the whole Uromieh 
section (Fig. 15). From the base of  the section up 
to the top of  the Miliolid-coral facies (sample 177) 
Corallinales largely dominate the assemblage (Fig. 
15), while Hapalidiales and Sporolithales appear in 
the Coral-coralline algal facies (sample 178 to 200). 
Further upward, Sporolithales and Hapalidiales be-
come more common (Fig. 15). Peyssonneliales oc-
cur in the whole section, although never dominant 
(Figs 2-4, 15). The increased coralline diversity, along 
with the observed changes in coralline association, 
are coherent with the variations in the invertebrate 
assemblage (decrease in miliolids and hermatypic 
corals and increase in large rotaliids), suggesting a 
change from a proximal inner-platform setting for 
the lower part of  the section (from the base to sam-
ple 200) to a distal inner platform/proximal mid-
dle-platform for the upper part of  the section (from 
sample 201 upward, Fig. 15; Adey 1979, 1986; Adey 
& Macintyre 1973; Adey et al. 1982; Minnery et al. 
1985; Vadas & Steneck 1988; Perrin et al. 1995; Bas-
si 1997; Lund et al. 2000; Braga & Aguirre 2001; 
Braga et al. 2009; Coletti et al. 2018). 

The observed distribution of  S. thomasii pro-
vides useful information on the paleoecology of  
this species. In the Uromieh section, S. thomasii is 

mainly associated with Lithoporella and T. pustulatum, 
other articulated coralline algae, and hermatypic 
corals. The evidence from the studied succession, 
therefore, is in substantial agreement with previous 
studies (Bassi & Nebelsick 2000; Vannucci et al. 
2000b; Vannucci et al. 2010b), reporting S. thomasii 
from shallow-water environments associated with 
hermatypic corals, with moderate to high hydrody-
namic energy.

Together with S. thomasii, T. pustulatum is one 
of  the most common and abundant coralline algae 
in the Uromieh section. Its presence in lower to 
middle Rupelian limestones (Figs 2, 9) is important 
for coralline algae stratigraphy since it is the earliest 
occurrence of  the species known so far. According 
to Bassi et al. (2009) the oldest-known record of  T. 
pustulatum is from the upper Oligocene shallow-wa-
ter carbonates of  the Kōko Seamount in Central 
Pacific. Based on this, the authors suggest the Pacif-
ic Ocean as spreading center for T. pustulatum (Bassi 
et al. 2009, as Lithophyllum pustulatum). However, the 
specimens of  Uromieh move the oldest record of  
the species into the Rupelian Tethys, and suggest 
that the paleobiogeography of  this species, so com-
mon and abundant in modern oceans, is still insuf-
ficiently known.

conclusIons

The Uromieh section of  the Qom Formation 
is characterized by abundant corals (mostly colo-
nial), porcellanaceous foraminifera (both large and 
small), large rotaliids, and coralline algae (both crus-
tose and articulated). Their distribution is not uni-
form, as they form several facies across the section. 
Echinoids and bryozoans are present but less com-
mon. Mollusks, green calcareous algae and serpulids 
are rare. The presence of  Nummulites fichteli, Nummu-
lites vascus, Halkyardia maxima and Subterraniphyllum 
thomasii, together with the absence of  both Neph-
rolepidina and Eulepidina, suggest an early to mid-
dle Rupelian age for the investigated samples. The 
presence of  a late Rupelian planktonic foraminiferal 
assemblage in the overlying marls support this hy-
pothesis.

In the lower part of  the section, the abun-
dance of  miliolids and corals suggests a proximal 
inner-platform environment. Toward the upper 
part of  the section, the increase in large rotaliids, 
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coralline algae and bryozoans points toward a distal 
inner-platform or proximal middle-platform set-
ting. The coralline algal assemblages support this 
paleoenvironmental interpretation.

Crustose Corallinales and articulated coralline 
algae dominate the whole section, with L. melobesi-
oides, T. pustulatum and S. thomasii beeing the most 
common species. Sporolithales and Hapalidiales are 
more common in the upper part of  the section.

S. thomasii is generally more common in cor-
al-rich intervals, suggesting that this species has a 
preference toward shallow-water environments. 
The specimens of  T. pustulatum recovered in the 
Uromieh section predate all the other known record 
of  this species, indicating that T. pustulatum originat-
ed at least in the Rupelian, much earlier than previ-
ously thought.

This analysis suggests that there is still much 
to discover on the stratigraphy and the distribution 
of  coralline algae. Even though this group is one of  
the most important carbonate producers of  mod-
ern shelves, its evolutionary history is still incom-
plete and fragmentary. 
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