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Abstract 
The Lower Miocene deposits in Gabal Gharra, Cairo – Suez District, unconformably overlies the Oligocene and Eocene deposits. They 
consist predominantly of regressive and transgressive mixed siliciclastic / carbonate sediments of shallow marine environments. The 
Lower Miocene deposits are represented lithostratigraphically by the Gharra Formation that comprises four members, from base to top: 
Agrud, Sadat, Hommath and Genefe members. Two measured sections were described and investigated: Gabal Gharra section and 
Gabal Agrud section. The coralline red algae are highly abundant in Sadat and Genefe members as fragments, crusts and rhodoliths. 
Larger foraminifera, corals, echinoids, bivalves, gastropods, bryozoans, benthic and planktonic foraminifers, dasyclades are also 
present. These two members consist of dolomitized bioclastic packstone, grainstone to floastones / rudstone with rhodoliths (up to 3cm 
in size). The systematic study led to the recognition of 14 coralline algal species. Lithophyllum sp. dominates the coralline associations 
at the generic level, followed by Mesophyllum spp, Lithothamnion spp and Spongites spp. The vertical distribution of the coralline red 
algae in the two concerned sections allowed to subdivide the Lower Miocene sequence into two local coralline algal zones, from base 
to top: Lithophyllum ghorabi Zone  (including the Sadat Member) and Mesophyllum iraqense Zone (covering the Genefe Member). 
The rhodoliths populations in the two sections were analyzed in terms of their size, shape, massiveness, symmetry, algal growth forms, 
algal species diversity, epibionts and borings. These parameters reflect environmental differences between the two studied sections. A 
comparison of the two the analyzed rhodoliths populations show common features, but also significant differences are recorded. The 
rhodoliths populations of Gabal Gharra were formed under low energy conditions characterized by porous rhodoliths with higher 
primary porosity, less frequent epibionts, more boring and thick coralline algal thalli as well as greater asymmetry. On the contrary, in 
Gabal Agrud the analyzed rhodoliths population was formed in high energy conditions of shallower water marine environments and 
characterized by more mobile, symmetrical rhodoliths, more frequent epibiont, thin coralline thalli. 
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Introduction 
The Miocene rocks are commonly distributed in 
Cairo – Suez District are overlying unconformably 
the non - marine siliciclastic sediments (reddish to 
brownish sands, sandstones and gravels) of the 
Oligocene age (Sadek, 1926 & Metwalli, 1963 & 
Said, 1990). These Miocene rocks crop out as 
laterally – extensive exposures and occupies the 
low areas surrounding the Eocene topographic 
highs such as Gabal Ataqa, Gabal Oweibed, Gabal 
Abu Treifyia and El Galala El Baharyia plateau. 
These sediments represent a general transgressive / 
regressive sequence with shallow marine 
siliciclastics at base and shallow – water algal 
limestone associations characteristic of modern 
temperate platforms at top. Numerous papers have 
been carried out on these Miocene rocks of that area 
and most of them concerned with the stratigraphy 
with little emphasis on their microfossill content. 
Among the authors who dealt with are Sadek (1926, 
1959); Macfayden (1930); Metwalli (1963); Souaya 
(1961, 1963; Cherif (1966, 1980); Ghorab & 

Marzouk (1966) Hamam (1966); Said & Metwalli 
(1966); Abdallah & Abdel Hady (1968); Farag & 
Sdaek (1968), El Gamal (1971), Al Ahawani, 
(1977); Cherif & Yehia (1977); Hamza (1977); 
Hermina et. al. (1989); Said (1990); Ismail & Abdel 
Ghany (1999), Abdel Ghany & Piller (1999), 
Nebelisick & Kroh (2002), Abel Ghany (2003) and 
Hamad (2008). The first detailed work on the 
coralline red algae of Gabal Gharra was carried out 
by Souaya (1963) who described and illustratted 13 
species of coralline algae and established two loacal 
algal subzones from base to top: 
Archaeolithothamnium cyrenicum Raineri and 
Lithophyllum ghorabii Souaya. El Gamal (1971) 
studied extensively the Miocene algal - bearing 
deposits in some localities in northern Egypt and 
among these are the area of Cairo – Suez district 
and showed the presence of numerous coralline red 
algae within this Miocene deposits. Imam & Refaat 
(2000) studied also the Miocene deposits at Wadi 
Abura, southern Sinai and recognized fifteen 
coralline red algal species and subdivided the 
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Miocene sequence into two local algal zones, from 
base to top: Lithothamnium undulatum and 
Mesophyllum sancti-dionysii zone. 
 
Geological setting 
The Lower Miocene deposits in Cairo – Suez 
district and especially in both Gabals Gharra and 
Agroud are represented by alternative regressive 
and transgressive deposits of siliciclastcs and 
carbonate sediments. The present work focused on 
the study of these two measured sections that 
previously mentioned. The lithostratigraphic study 
revealed that the only rock unit recorded in this area 
is the Gharra Formation that in turn subdivided into 
four members (El Gamal, 1971) from base to top as 
follows: Agrud, Sadat, Hommath and Genefe 
members. 
 

 
Figure 1. Location map showing the studies sections 

 
Gharrra Formation 
This rock unit was first described by Ghorab & 
Marzouk (1967) in Gabal Gharra in the Cairo – 
Suez district to designate the marine Miocene 
deposits in that area. El Gamal (1971) in his studies 
on the Miocene reefal limestone rocks of some 
sections in northern Egypt informally subdivided 
the Gharra Formation into four members. These 
members are described in details in the following 
paragraphs from base to top: 
 
Agroud Member: This member was first described 
and informally established by El Gamal (1971) to 
designate the lower subdivision of the Gharra 
Formation in the Cairo – Suez District. 
Lithologically this member is composed mainly of 

siliciclastic deposits unconformably overlies the 
Oligocene rocks and underlies the Sadat Member. 
Lithologically, it is represented by coarse-grained 
sandstone, siltstone and calcareous sandstone 
interbedded with sandy limestone thin beds. This 
interval terminated upward with horizontal 
laminated siltstone alternating with fine sandstones 
and coal seams. Ismail & Abdel Ghany (1999) 
studied the planktonic foraminiferal content of this 
member and recorded the following species: 
Globigerinella sp. Globigerinoides altiaperturus, 
Gs. parawoodi, Gs. immaturus, Gs. primordius, Gs. 
trilobus, and Gs. quadrilobatus that assigned this 
member to the Lower Miocene (Burdigalian) age. 
He also confirmed their age assignment with the 
help of the calcareous nannoplanktonic 
Helicosphaera ampliaperta (NN4 of Martini, 
1971). Nebelsick & Kroh (2002) studied the 
macrofaunal content of this unit and showed that it 
was flooded with great accumulation of complete 
and fragmented skeletal remains of Parascutella 
spp., Parascutella deflersi along with Amphiope 
bioculata, Clypeaster acclivis and Echinolampas 
ampla that strongly assigned this unit to the Lower 
Miocene (Burdigalian age). Moreover, the present 
author studied the sandy limestone interbeds and 
some of the mudstone ones in Gabal Gharra and 
showed the presence of planktonic and benthonic 
association represented mainly Catapsydrax 
unicavas, Dentoglobigerina venezuelana, 
Globigerina angustiumbilicata  Globigerina 
ciperoensis, Globigerinoides primordius and 
Globigerinoides trilobus with the benthic species 
Lepidocyclina undosa, Lepidocyclina canelli, 
Elphidium sp., Heterostegina sp, Siphonina 
tenuicarinata, Miogypsina sp. that mark the zone 
M1 of Berggren et. al. (1995). The presence of 
cross – bedded sandstone, bioturbated siltstone and 
fossiliferous sandy limestone thin beds suggested 
that this member was deposited under fluvial / 
fluviomarine to shallow marine environments.  
 
Sadat Member (algal – bearing unit): This member 
was informally first established by El Gamal (1971) 
to designate the lower part of the Gharra Formation 
in the Cairo – Suez district. It conformably overlies 
the Agrud Member and conformably underlies the 
Hommath Member. Lithologically, it composed 
predominantly of white to yellowish white, hard, 
algal to reefal limestone highly fossiliferous with 
remarkable coralline algal nodules (forming 30 – 50 
% of the rock). Bivalves, bryozoans, serpulids, 
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gastropods, echionoids and isolated solitary and 
colonial corals are also recorded. The present author 
noted that this member is made up of several 
rhodoliths horizons (made up of accumulation of 
rhodoliths, coralline crusts and marine bryozoans) 
alternating with thin beds of sandy limestone. These 
rhodolith horizons thicken in Gabal Gharra (25m) 
rather than in Gabal Agrud (9m). The member is 
also highly fossiliferous with large benthonic 
foraminifera such as Miogypsina spp., 
Heterostegina spp. and reworked Leipdocyclina spp 
(Cherif, 1963). Recently, Ismail & Abdel Ghany 
(1999) studied in details their microfaunal content 
and showed the presence of the following large 
benthic foraminifers: Operculina complanata, 
Heterostegina heterostegina, Miogypsina 
intermedia and dated this member to Lower 
Miocene age (Burdigalian). The present author 
carefully studied this member and showed that it 
contains primarily larger benthonic foraminiferal 
species including Miosorites americanus, 
Neorotalia mexicana, Stillostomella caribbea, 
Heterostegian sp., Planostegina costata, P. 
heterostegian and Operculina complanata that 
assigned this member to M2 – M3 zones of 
Berggren et. al. (1995).  Among the macrofaunal 
content recognized are Ostrea plicatula, Ostrea 
verleti, Ostraea frondosa, Clypeaster intermedius, 
and Clypeaster subdecagonus. These macro and 
microfaunal content assinged this unit to the Lower 
Miocene (Burdigalian) age. The lithological and 
microfaunal contents as well as the rhodoliths 
coralline algal association strongly indicate that this 
member was deposited in shallow marine warm 
water environments favorable for reef growth. 
 
Hommath Member: This member was first 
described and established by El Gamal (1971). It 
overlies conformably the Sadat Member and 

underlies the Genefe Member of the Gharra 
Formation in the Cairo – Suez district. It measures 5 
m in thickness in Gabal Gharra and and nLower 
50m in Gabal Agrud. Lithologically this member 
composed mainly of siliciclastic sediments that 
composed predominantly of sandstone, siltstone 
and claystone with thin interbeds of fossiliferous 
sandy limestone. Ismail & Abdel Ghany (1999) 
studied the planktonic foraminiferal content of this 
member and recorded the following species: 
Globoquadrina dehiscens, Globigerinoides 
altiaperturus, Gs. parawoodi, and Gs. trilobus that 
assigned this member to the Lower Miocene 
(Burdigalian) age. This member is barren of any 
coralline algae unless few reworked fragmented 
crusts occurred in the sandy limestone 
interbeds.The presence of cross – bedded sandstone, 
bioturbated siltstone and fossiliferous sandy 
limestone thin beds suggested that this member was 
deposited under fluvial / fluviomarine to shallow 
marine environments. 
 
Genefe Member: This member was first established 
and described by Ghorab & Marzouk (1967) in 
Gabal Genefe. It represents the topmost part of the 
Gharra Formation in the Cairo – Suez district. It 
attains 20 m thick in Gabal Gharra and 26 m in 
Gabal Agrud. Lithologically this member composed 
mainly coralline algal limestone with sandy 
limestone thin beds as well as very thin layers of 
dark greenish gray claystone. Ismail & Abdel 
Ghany (1999) studied the planktonic foraminiferal 
content of this member and recorded the following 
species: Globoquadrina dehiscens, Globigerinoides 
altiaperturus, Gs. parawoodi, Gs. trilobus, Gs. 
bisphericus, Gs. obliquus, Gs. primordius, and 
Globigerina ciperoensis that assigned this member 
to the Lower Miocene (Late Burdigalian) age. 

 
Table 1. Lithostratigraphic correlation chart showing the different Miocene rock units in Cairo-Suez road, Egypt. 
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In the author opinion the presence of the 
Globigerinoides primordius is doubtful as this 
species has very short stratigarphic range and never 
accompanied with the Globigerinoides bisphericus 
and Globigerinoides obliquus. The lithological and 
macrofaunal contents as well as the rhodoliths 
coralline algal association strongly indicate that this 
member was accumulated in shallow marine warm 
water environment favourable for reef growth. 
 
Experimental and methods 
The studied materials come mainly from the Lower 
Miocene (Burdugalian) coralline algal limestones of 
both the Sadat and the Genefe members of the 
Gharra Formation, Gabals Gharra and Agrud, Cairo 
– Suez District. These coralline algal limestones are 
up to 40 m thick in both of the two units and were 
deposited on a mixed carbonate – siliciclastic ramp. 
They are known from other parts of the Cairo – 
Suez district as in Sadat area, Gabal Homiyera and 
Gabal Geneifa. A detailed study of the 
paleoecology and facies of the algal limestone is in 
preparation by the author. Thin sections were 
analyzed and studied. Samples were taken 
whenever corallines and rhodoliths appeared in the 
surface outcrops. Ten polished slabs were prepared 
and studied with the help of a lens or ordinary 
binocular microscope. The cell and conceptacle 
dimensions were measured according to the figures 
presented by Woelkerling et al., (1993) and Rasser 
& Piller, (1999). Measurements were made by a 
microscope at magnification of 500x to the nearest 
1µm. The terms of the diagnostic anatomical and 
taxonomic features of Woelkerling, (1988) and the 
growth forms Woelkerling et al., (1993) are 
adopted in the present work.  
 
Morphology and mode of occurrence of the 
coralline algae 
Coralline red algae (Corallinaceae, Rhodophyta) are 
important paleoenvironmental indicators. Their 
associations and growth form types, in combination 
with petrographic and sedimentological data can be 
used to determine the environment of deposition 
and the genesis of the sediments in which they 
occur (Johnson, 1960; Adey, 1979; Bosence, 1983; 
Martin et al. 1993 and Nebelsick et al. 2003, Bassi, 
2005). Coralline algae are the most important 
components in the Lower Miocene algal limestone 
of both Sadat and Genefe members as they 
contribute up to 80% of the main framework of 
these facies. In the studied material the coralline red 

algae show great diversity where at least 10 genera 
and 28 species were recognized. The most 
important genera are Lithophyllum Lithothamnion, 
Mesophyllum, Sporolithon, Spongites and 
Lithoporella. These coralline algae mostly occur as 
in situ crusts on the corals and other skeletal 
elements, loose branches and rhodoliths forms 
being lengthing mainly to family Corallinaceae. 
Both of the crustose non-geniculate corallines 
(subfamily Meloisioideae, forming more than 90% 
of the components) and the (geniculate corallines) 
articulated coralline algae (subfamily 
Corallinoideae, 10%) frequent and abundant 
especially in the lower Sadat Member of Gharra 
Formation. The green alga of Family Codiaceae 
(Cholorophyta division) is rarely recorded, being 
represented by only one genus, Halimeda sp. The 
coralline diversity of the studied material is 
moderately high where twenty-three taxa of 
coralline algae were recognized and described. The 
algal association is dominated by shallow water 
coralline algae of lithophylloids (Lithophyllum) 
intercalated with intervals dominated by 
melobesoids (Mesophyllum and Lithothamnion), 
with minor sporolithaceans (Sporolithon) and 
subordinate mastophoroids (Spongites and 
Neogoniolithon) that predominate in algal 
association of slightly deep sediments. Both the 
Lithophyllum prelichenioides and Lithophyllum 
ghorabi reach more than 30% of the stuied coralline 
algae. The Lithophyllum spp. and Mesophyllum spp. 
are the main components of the algal associations 
and chiefly dominant than the other coralline algae. 
Lithothamnion spp. and Sporolithon spp. are 
relatively rare and existed as fragmented specimens. 
Lithoporella spp. occurs as monostromatic crusts 
that highly exited and commonly encrusting in situ 
and fragmented corals and large benthonic 
foraminifers as well as other coralline red algae. 
This type of coralline algae is commonly occur as 
abraded, fragmented grains which may be derived 
from attached crusts and are either micritized that 
prevent the taxonomic identification. They usually 
form free crusts but relatively scarce and mainly 
associated with isolated coral colonies or form algal 
bank that pave the solid substrates. The other form 
is branched thalli, which existed as loosely packed 
branches. The main growth form types observed in 
the studied materials are: 
 
Coralline algal branches 
The coralline algal branches include two types of 
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growth forms. The first one is represented by 
isolated, branched unfragmented algal thalli and the 
second one is depicted by the unfragmented 
multilayer aggregates that is composed commonly 
of coralline algae. This type of coralline algal 
branches is differentiated from the main rhodoliths 
(most abundant growth forms) by two prominent 
variations, firstly the less sizes they have (less than 
2 cm) and secondly by the unidirectional growth 
pattern. This type of growth form (coralline algal 
branches) is extensively developed in the upper 
Genefe Member of the Gharra Formation (bioclastic 
grainstone facies) and less abundant in the lower 
Sadat Member of the same formation. 
 
Attached coralline crustose forms 
The attached coralline crustose forms are defined as 
unfragmented, dorsoventrally organised layers of 
encrusting coralline algae (Rasser, 2000). The 
attached coralline crustose forms are differentiated 
on the basis of the number of the constituting 
species into two types. The first type is represented 
by mono – layered crusts that directly overgrowing 
on bioclastic fragments, where Lithophyllum spp. 
and Lithoporella sp. are the most dominant algal 
type in the studied materials. The mono – layered 
algal crusts consist mainly of Lithophyllum 
prelichenioides (most abundant species and 
outnumbering any other Lithophyllum spp.) and 
Lithophyllum ghorabi (the second most abundant 
species which mainly associated with bryozoans 
and coral colonizes) as well as Lithophyllum 
pseudoamphiroa Johnson. The second type is 
showed in the presence of multilayered crusts that 
grow over corals, bryozoans, or larger foraminifers. 
This type of coralline red algal crusts occurred 
commonly in the form of superimposed undulating 
crusts of 300 –500 µm thick and usually alternating 
with encrusting foraminifers forming short 
protuberances and short branches (Pl. 3, Fig. 1). 
They occurred also as encrusting the large 
benthonic foraminifers such as Amphistegina spp. 
and Heterostegina spp. and rapped also the 
bryozoans and echinoids plates and the colonial 
corals as well.  
 
Rhodoliths 
The rhodoliths are unattached nodules with size of 
greater than 2 cm (Adey, 1986) and consists of 
more than 50% of nongeniculate encrusting 
coralline algae (Bosellini & Ginsburg, 1971; 
Bosence, 1983). Moreover, they sometimes defined 

by the occurrence of different growth directions in 
order to separate them from coralline branches. The 
rhodoliths are commonly found in the intratidal 
pools (Wehrmann et al. 1995) down to more than 
200m (Adey & Macintyre, 1973; Bosence, 1983; 
Littler et al., 1991) Water energy is expected to be 
an important ecological factor for rhodoliths 
distribution as it can control the occurrence of the 
herbiverous animals (Steneck, 1985) and influence 
the growth forms and taxonomic succession 
(Bosellini & Ginsburg, 1971; Braga & Martin, 
1988; Bosence, 1991).The rhodoliths are 
remarkably occurred in the Lower Miocene deposits 
in Gababl Gharra in the form of unattached algal 
nodules having size ranges from 2 cm up to 
maximum diameter 6 cm and predominantly 
consists of nongeniculate encrusting coralline red 
algae. These rhodoliths are characterized also by 
different types of growth forms. Most of the 
rhodoliths are spheroidal to discoidal and laminar – 
concentric with remarkable amount of sediments or 
cement between crusts. One of them is 
characterized by domination of the Lithophyllum, 
Lithothamnion, Mesophyllum Sporolithon and, 
together with minor Spongites and rarely 
Lithoporella. Sometime intergrowing with these 
previous coarlline red algae inside the rhodoliths 
are serpulids, bryozoans and vermetids as well as 
encrusting foraminifers. The nucleus of this type is 
composed mainly of bioclastics in the form of 
fragmented corals or mollusk shell fragments. The 
other rhodoliths type is exclusively built up of 
Lithophyllum and Lithoporella crusts. It is 
noteworthy of mention that several growth phases 
inside the rhodoliths can be distinguished separated 
by intraerosional surfaces that cut across the former 
set of laminae. It is laso noted that some bioclastics 
are also incorporated between the laminae and made 
up of unattached nodules of non-geniculate laminar, 
encrusting thalli and foralgaliths in which thin 
encrusting coralline thalli are intergrown with 
encrusting larger foraminifera.  

According the presence or absence of nucleus, 
two main types of rhodoliths are evident. (1) Non – 
nucleated rhodoliths and (2) Nucleated rhodoliths. 
The first type is represented by non - geniculate 
rhodoliths that suggested here to be formed through 
overturned coralline crusts and this type is less 
frequent in the studied materials and rarely recorded 
in the Sadat Member of Gharra Formation at Gabal 
Gharrra. The second type, nucleated rhodoliths, is 
differentiated in this study on the basis of the 
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nucleus formed it and is classified here into two 
subtypes. The first one is represented by typical 
rhohodliths with nuclei of fragmented corals or 
molluscan shell fragments (Pl.1, Fig. 2), and are 
dominated with coralline red algae, mostly of 
melobesioide coralline such as Lithophyllum spp., 
Lithothamnion spp., together with minor 
Lithoporella sp., Mesophyllum sp. and rarely 
Sporolithon spp. Serpulids, bryozoans, vermitids 
and encrusting foraminifers can all be found 
intergrowthing coralline inside these rhodoliths. 
Such type of bioclastic association is typical of 
shallow water – temperate marine platforms 
(Bosence, 1990 and Rasser & Piller, 1999). The 
second type of rhodolith is serpulids nodules, 
consists exclusively of nuclei of serpulids worm 
tubes (Pl. 3, Fig. 1) and encrusting with 
Mesophyllum spp. (mainly of Mesophyllum 
sanctidionysi and Mesophyllum laffittei. With 
Lithophyllum spp. and rarely Lithoporella sp). The 
algae were sometimes occurred as individual algal 
nodules of coarse rhodoliths (3- 5 cm) composed 
mainly of overturned coralline, but this type is very 
rare. The presence of rhodoliths indicate depth 
ranges from 70 – 90 m (Adey & MacIntyres, 1973; 
Adey, 1979). 

Main characteristics of the rhodoliths 
The rhodoliths have investigated with respect to 
several criteria that commonly control the final 
pattern of the rhodoliths. These criteria are 
controlled and related primarily to the 
environmental factors. Among these criteria are 
shape and size of the rhodoliths, their internal 
structure, the diversity of algal species, 
massiveness, associated microbiota (epibionts and 
borings) and the algal thallus thickness. The 
analyzed rhodoliths in both Gabal Gharra and Gabal 
Agrud revealed some significant differences in the 
studied rock materials indicating that these analyzed 
rhodoliths populations were developed in two 
different environmental conditions during their 
growth.   
 
Shape and size of Rhodoliths: This factor 
constituted an important role in the studied Lower 
Miocene samples. The investigation of the 
rhodoliths revealed the predominance of three main 
shapes (spheroidal, ellipsoidal and discoidal 
shapes). The first and second shapes are most easily 
transported than discoidal one (Bosence, 1983).  

 

 
Figure 2. Stratigraphic distribution of the Lower Miocene coralline red algae in Gabal Gharra, Cairo - Suez road, Egypt. 
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But, it is noteworthy to mention that the shape 
itself is quite useless as the criterion because certain 
rhodoliths externally susceptible to rolling and 
clLower show unidirectional growth, thus 
evidencing their stability. The shape is also 
controlled largely by the size of the nucleus that 
tends to be very large compared to the algal 
covering. Bosence (1983) mentioned that algal 
covering and the nucleus as well as the complexity 
of rhodoliths increase with the increasing of depth. 
In the field, it is observed that small sizes (2 – 4 
cm) and discoidal shape (flat shape) are commonly 
recorded in Sadat Member of Agrud area denoting 
low energy and less depth. But the larger sizes (4 – 
6 cm) and spheroidal to elliposidal shapes are 
predominately recorded in the previous member in 
Gabal Gharra indicating high-energy environments 
with greater depth.    
 
Massivenss of rhodoliths: concerning this character, 
there are three types of rhodoliths could be 
discriminated in the studied materials, they are: (1) 
porous rhodoliths with great amount of primary 
growth framework voids between crustose and 

branching coralline algae (2) massive rhodoliths, 
compact with low primary porosity and (3) badly 
preserved rhodoliths with secondary porosity that 
are transported from other pre – existing rocks 
especially the Eocene rocks. In the present study the 
main target will be focused on the first two types as 
they constitutes the main bulk of the studied 
samples and also there are clear distinctions 
between these types also in distribution in their 
occurrences among the studied samples. The first 
type commonly occurred in lower Sadat Member 
and useless in the overlying Genefe Member of 
Gabal Gharra. Whereas the second type is 
commonly recorded in the Sadat Member of Gabal 
Agrud.  
 
Algal species diversity of rhodoliths: This character 
is depended mainly on the total coralline algal 
species identified in the studied materials. About 
twenty-eight coralline algal species have been 
recognized in Gabal Gharra and about twenty two 
ones are recorded in Gabal Agrud. There are two 
remarkable types of rhodoliths on the basis of their 
algal species diversity.  

 

 
Figure 3. Stratigraphic distribution of the Lower Miocene coralline red algae in Gabal Agrud, Cairo - Suez road, Egypt 
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The first type is the monospecific rhodoliths that 
commonly composed of one species such as 
Lithophyllum ghorabi or Mesophyllum lemoineae or 
Lithophyllum prelichenoides and this type 
constitutes rare samples in the studied sections and 
this type is dominated in Sadat Member of Gabal 
Agrud. The other type is represented by 
multispecific rhodoliths (commonly formed of more 
than one species) and usually dominated with four 
to five coralline algal species. It usually shows 
successive different growth stages (laminar / 
columnar to branching growth forms) of the 
different algal species. This type is commonly 
dominated in the Sadat Member of Gharra 
Formation at Gabal Gharra.    
 
Internal structures of rhodoliths: This factor is of 
great importance in the whole period of the 
rhodolith growth stages. Therefore, the degree of 
the asymmetrical rhodoliths commonly reflects the 
immobility of the rhodoliths. Two types of internal 
structure are observed, the first one is the 
asymmetrical rhodoliths and it is composed mainly 
of one staged growth (unidirectional growth) built 
predominantly of laminar coralline algae. This type 
denoting typical of stable position during the whole 
period of rhodoliths growth. Several samples of this 
type are recorded in Gabal Agrud. The other type is 
the symmetrical rhodoliths and built mainly of 
multistaged growth zones (laminar to branching / 
laminar, columnar to branching) and this type 
indicate low energy conditions where number of 
species (algal covering) overcome the size of the 
nucleus and also denoting typical of unstable 
position during the whole period of rhodoliths 
growth. This type commonly recorded in the Sadat 
Member of Gharra Formation in Gabal Gharra.  
 
The thickness of the thallus: Sometimes the algal 
rhodoliths internally show a different thallus 
thickness during their growth. The rhodoliths 
usually exhibit thick thalli followed by thin one in 
the same structure. Others are composed mainly of 
thick thallus. The predominance of the thick thalli 
rhodoliths is more frequent and commonly 
concentrated in the Sadat and Genefe Membrs of 
the Gharra Formation of Gabal Gharra. Where in 
Gabal Agrud, the other type (thin – thalli dominated 
rhodoliths) is more frequent. This character (the 
thickness of the thallus) is relatively significant and 
shape an outstnding role in the formation of 
rhodoiths. Steneck (1985), Rasser & Piller (2002) 

and Nebelsick et al. (2003) showed that there was a 
relationship between the environments and the 
thallus thickness and showed also that thin crusts 
usually developed and grew faster than thick one.  
 
Epibionts & borings: Most of the studied rhodoliths 
are externally covered with epibionts such as 
sepulids, bryozoans (chielostomatous and 
cyclostomatous) and encrusting larger foraminifers 
(Amphistegina sp. Miogypsina sp. and 
Heterostegina sp.) and this character is insignificant 
in the genesis of the rhodoliths but indicate to great 
extent the mutual relationship between the 
rhodoliths growing and the associated microfauna. 
It is noteworthy of mention that the rhodoliths are 
more heavily encrusted in the Sadat Member of the 
Gharra Formation in Gabal Agrud than in Gabal 
Gharra. The other striking character of the 
rhodoliths is the boring of other organisms such as 
the bivalved Lithophaga spp. That noted in some of 
the rhodoliths in Gabal Gharra. This feature 
suggested periods of non-growing of the rhodoliths. 
Some authors believe that degree of the perforation 
is a function for the duration of the exposition 
(Bosence, 1985, Rasser, 1999, Rasser & Pillar, 
2004, Hamd, 2008, 2009; Hamad et al., 2015; 
Renema et al., 2015).  
 
Systematic paleontology (description of the main 
coralline algal taxa) 
The terminology according to the revision of 
Woelkerling, 1988 using "core filaments" instead of 
“hypothallus” and “peripheral filaments” instead of 
“perithallus” is adopted. Moreover, the taxonomic 
features of Braga et al. 1993 and the different 
growth forms of Woelkerling et al. 1993, are 
adopted in the taxonomy and identification of the 
present fossil material. In the following paragraphs 
the main characteristic coralline algal species that 
characterize every morphological type will be 
discussed from their arrangement and characters of 
the core filaments and peripheral filaments (shape 
of cells and their arrangement), shape of the 
reproductive organs (conceptacles and sporangia) 
and different growth forms for algal thalli.  

 
Division: Rhodophyta Wettstein, 1901 
Class: Rhodophyceae Rabenhorst, 1851 
Order: Corallinales Silva & Johansen, 

Family: Corallinaceae Lamouroux, 1849 
Subfamily: Lithophylloideae Setchell, 1943 

Genus Lithophyllum Philippi, 1837 
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Lithophyllum ghorabi Souaya, 1963. 
(Plate 1, Figure 1) 

Description: Branching form varying in thickness 
from 580 – 770 µm, The core filaments is thick 
(180 –320 µm thick) composed of regular co - axial 
rectangular cells measuring 11- 27 µm in diameter 
and 20 – 44 µm in length where the cells becomes 
smaller toward the peripheries. The peripheral 
filaments (300 - 430µm) are composed also of 
rectangular cells measuring 25 – 32 µm in length 
and 10 - 19µm in diameter. The specimen under 
consideration resembles to some extent the the 
thalli of Souaya (1963a) but differs in that it has not 
reproductive organs (Conceptacles).   
 

Lithophyllum pseudoamphiroa Johnson, 1964 
(Plate1, Figure 2) 

Description: a single fragment composed of very 
thick crustose form. The thallus commonly encrusts 
the other bioclastic constituents. The core filaments 
(260 – 580 µm thick) is well developed and thick 
walled. It composed of concentric co -axial arched 
layers of cells measuring 24 – 41 µm in length and 
15 – 21 µm in diameter. Cells become thick in the 
middle part and thin towards the peripheries. The 
peripheral filaments are relatively thick (180 – 430 
µm thick). The peripheral cells are thick walled 
also, arranged in rows of grid pattern. Conceptacles 

are very poorly preserved, no measurements were 
taken. 
 

Lithophyllum prelichenioides Lemoine, 1917 
(Plate 1, Figure 7) 

Description: crustose to long branched forms 
composed of uniform core filaments and variably 
thick peripheral filaments. The core filaments are 
composed of regular coaxial cell rows. These cells 
are 10 –13 µm in length and 15 – 19 µm in 
diameter. The peripheral filaments consist of 
rectangular cells. Cells are 15 –23 µm in length and 
13 – 17 µm in diameter. Conceptacles are not 
observed in the studied materials.  
 

Lithophyllum simplex Johnson, 1964 
(Plate 2, Figure 3) 

Description: Two fragments of thallus composed 
exclusively of peripheral filaments (300 µm thick) 
are recorded. Cells are of thick walled, measuring 
19 – 23 µm in length and 10 – 13 µm in diameter, 
arranged in regular rows of fan – like appearance. 
The core filaments are not developed and if 
occurred, it shows external layer of small cells that 
could be interpreted as embryonic peripheral 
filaments. Conceptacles are not observed in the 
studied materials. 

 

 
Figure 4. Shape distribution of the rhodoliths populations in Gebel Gharra and Gebel Agrud, Cairo - Suez road, Egypt. 
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Lithophyllum sp. 
(Plate 2, Figure 5) 

Description: Crustose thallus with mamillae varies 
in thickness from 300 to 500 µm, commonly 
encrusting fragmented corals and bryozoa. The core 
filaments are thin (150 – 220 µm thick) and 
composed of concentric coaxial arched layers where 
the cells become thick in the middle part and thin 
towards the peripheries. Cells are 15 – 23 µm in 
length and 9 – 13 µm in diameter. The peripheral 
filaments are relatively thick (350 – 460 µm) with 
rectangular cells 12 – 16 µm in length and 10 – 14 
µm in diameter. Conceptacles are observed in some 
thin sections, measuring 240 – 410 µm in diameter 
and 120 – 180 µm in height. 
 

Subfamily Mastrophoroideae Setchell, 1943 
Genus Lithoporella (Foslie) Foslie, 1909 

Lithoporella melobesioides (Foslie) Foslie, 1909 
(Plate 1, Figure 8) 

Description: Thick unistratose thallus of 
multilayered (multiple overgrowth), representing 
the basal primigenous filaments. The crusts are 
superimposed on each other, each single layer 
consisting of large rectangular palisade cell except 
around the conceptacles where the thalli are thick. 
Cells are 42 - 58 µm in length and 14 – 23 µm in 
diameter. The conceptacles are circular measuring 
80 – 120 µm in height and 70 – 130 µm in 
diameter. 
 

Genus Spongites Kützing, 1841 
Spongites albanense Lemoine, 1924 

(Plate 2, Figure 3) 
Description: Irregular crustose thalli (0.5 – 1.9 mm 

thick). Thallus composed of irregular peripheral 
filaments with rectangular cells measuring 10 –
19µm in length and 9-12 µm in diameter and 
indistinct basal core filaments with cells measuring 
13 – 25µm in length and 12 - 17µm in diameter. 
Conceptacles are observed measuring 290 – 430 µm 
in diameter and 160 – 180 µm in height with single 
short thick opening. This species ascribed before to 
Lithophyllum albanense, but the tissue of this taxon 
shows clear and abundant cell fusions and therefore 
belongs to subfamily Mastrophoroideae and not to 
the Lithophylloideae.  
 

Spongites sp. 
(Plate 2, Figure 5) 

Description: Crustose thalli encrusting bioclastics 
and other coralline algae. The core filament 
unistratose with cells having 15 – 35µm in length 
and 11 – 22 µm in diameter. The peripheral 
filaments show cells with irregular cell walls. The 
cell sizes are 10 –21 µm in length and 10 -17 µm in 
diameter. The tetra / bisporangial conceptacles 
uniporate with cylindrical pores. Conceptacles are 
250 – 360 µm in diameter and 140 – 150 µm in 
height. 
 

Subfamily Melobesioideae Bizzorzero, 1897 
Genus Lithothamnion Heydrich, 1897 

(Former name: Lithothamnium Rhilippi, 1837) 
Lithothamnion aggregatum Lemoine, 1939 

(Plate 1, Figure 3) 
Description: Warty to fructicose plants. The 
protuberances are up to 13 mm long and 4 mm in 
diameter. 

 

 
Figure 5. Schematic diagrams showing the internal structure of multi- staged growth rhodoliths, Sadat Member, Gharra Formation, 
Gebel Gharra 
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The core filaments are plumose with 
monomerous thallus. Cells have slightly arched, 
rectangular shape and measure 7 – 14 µm in 
diameter and 9 - 22 µm in length.  The peripheral 
filaments are well developed in the form of 
zonations, consist of irregular lenticular growth 
zones. Cells are 7 – 10 µm in diameter and 9- 12 
µm in length.  
 

Lithothamnion operculatum Conti, 1950 
(Plate 1, Figure 5) 

Description: Crustose thalli mammillae. The core 
filaments are thin to modertaely developed, usually 
absent consisting of rounded to nLower rectangular 
cells measuring 11 – 16 µm in length and 8 –11 µm 
in diameter. The peripheral filaments consist of 
irregular growth zones. Cells arranged in fairly 
regular vertical rows. They are 8 – 18 µm in 
diameter and 9- 15 µm in length. Conceptacles are 
wide and flat, abundantly occurred, measuring 190 
– 500 µ in diameter and 110 – 140µ in height. 
 

Lithothamnion saxorum Capeder, 1900 
(Plate 2, Figure 6) 

Description: Crustose thalli of plumose basal core 
filaments and well-developed peripheral filaments. 
The core filaments consist of upward curved cell 
rows of rectangular shape measuring 12 – 27 µm in 
length and 10-15 µm in diameter. The peripheral 

filaments are composed of regular tissue with 
pronounced vertical cell threads and growth zones. 
Cells are 10 – 18 µm in length and 7-11 µ in 
diameter. Conceptacles are rare and measure 260 – 
320 µm in diameter and 110 - 140 µ in height. 
 

Lithothamnion undulatum Capeder, 1900 
(Plate 2, Figure 7) 

Description: Thalli in the form of crusts with warty 
protuberance of undulating appearance or branches. 
The basal core filaments predominantly curve 
towards the dorsal. The core portion is relatively 
thin 50 – 90 µm. Cells are 7 – 12 µm in diameter 
and 10 - 15 µm in length. The peripheral filaments 
show tissue of well developed, contorted 
appearance and lenticular growth zones. 
Conceptacles abundant, strongly varied in shape 
and size. Most frequently ellipsoidal, 290 – 420 µm 
in diameter and 140 – 170 µm in height 
 

Genus Mesophyllum Lemoine, 1928 
Mesophyllum iraqense Johnson, 1964 

(Plate 2, Figure 8) 
Description: Simple crusts provided with short 
mamillae or short massive columns, or long slender 
branches. The core filaments consisting of cells 
measuring 7 – 11 µm in diameter and 15 - 22 µm in 
length.  

 

 
Figure 6. Conceptual model for rhodolith development in both Gabal Gharra and Gabal Agroud, Cairo - Suez road, Egypt. Modified 
from Braga & Martin (1989) 
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The marginal peripheral filaments are sometimes 
worn with rare conceptacles of minute sizes. The 
cells of the peripheral filaments are 9 – 13 µm in 
diameter and 15 - 20 µm in length. This species is 
commonly recorded in the studied materials and 
contributes in the forming of the rhodoliths. 

 
Mesophyllum lemoinaea Souaya, 1963 

(Plate 2, Figure 4) 
Description: Thallus crustose, relatively thin, 
commonly 300 – 500 µm thick. The core filaments 
are poorly developed with cells not arranged in 
regular rows and gradually passing to the peripheral 
filaments. Irregularly peripheral filaments often 
lenticularly owing to the presence of conceptacles. 
Their cells are 7 – 11 µm in diameter and 15 - 22 
µm in length. Conceptacles embedded and 
distributed in the peripheral part of the growth zone 
in the peripheral filaments they are measuring 240 – 
430 µm in diameter and 130 – 190 µm in height. 
This species sometimes grow freely over the other 
coralline algae with alternative layers of 
Lithoporella spp. and bryozoans.  
 

Mesophyllum sanctidionysii Lemoine, 1939 
(Pl. 2, Fig. 2) 

Description: Several mammillae crusts composed of 
partly developed core filaments and strongly zoned 
peripheral filaments with numerous conceptacles. 
The cells of the core filaments are 8 – 10 µm in 
diameter and 15 - 18 µm in length. The peripheral 
filaments are composed of strong lenticular growth 
zones with cells measuring 8 – 12 µm in diameter 
and 17 - 21 µm in length. Conceptacles embedded 
in the center of each growth zone, measuring 220 – 
400 µm in diameter and 140 – 180 µm in height. 
 

Mesophyllum rigidum Mastrorilli, 1967 
(Pl. 1, Fig. 6) 

Description: Thallus forming mammillate crusts 
with short stubby branches. The core filaments is 
basal and zoned with rectangular cells having sizes 
23 – 38 µm in length and 10 - 12 µm in diameter. 
The peripheral filaments with strong lenticular 
growth zones composed of subquadrate cells 8 – 12 
µm in length and 10 – 12 µm in diameter. 
Conceptacles are large, multipored, commonly oval 
in section, measuring 340 – 580 µm in diameter and 
160 – 240 µm in height.  
 

Mesophyllum vaughani (Howe), Lemoine, 1928 
(Pl. 2, Fig. 1) 

Description: Regular spine like branch composed of 
completely of peripheral filaments with strong 
irregular growth zones. The zonal boundaries are 
almost never parallel to each other. The peripheral 
filaments composed of subquadrate cells with no 
conceptacles. Cells are most commonly 8 – 12 µm 
in diameter and 15 - 19 µm in length 
 

Family Sporolithaceae Verheij, 1993 
Genus Sporolithon Heydrich, 1897 

(Former name: Archaeolithothamnium Rothpletz, 
1891) 

Sporolithon sp. 
Description: Crustose dorsiventeral and 
monomerous thalli with rounded protuberance 
measuring 180µm in height. The ventral core 
filaments is commonly thin plumose with cell 
filaments measuring 14 – 23 µm in length and 10 – 
12 µm in diameter. The peripheral filaments are 
usually regular 15 – 27 µm in length and 10 - 13 
µm in diameter, where cell fusion are scarce. Tetra / 
biosporangial conceptacles arranged in sori , the 
sori consists of 14 – 35 tetra / biosporangia that 
sometimes arise from layer of elongated cells. The 
shape of conceptacles are elongated ellipsoidal 
measuring 100 – 120 µm in height and 50 – 75 µm 
in diameter.  
 

Subfamily Corallinoideae Foslie,1898 
Genus Corallina Linnaeus, 1759 

Corallina sp. 
Description: several fragments of segmented stems 
are observed (300m thick) composed exclusively of 
core filaments, cells are 40 – 55µm in length and 8 
–14µm in diameter. Peripheral filaments weakly 
developed on the margins of segments. 
Conceptacles are not observed in the present 
specimens.  
 

Phyllum: Chlorophyta Pasher, 1914 
Class: Cholorophyceae Kutzing, 1843 

Order: Siphonals Wille, In Warming, 1884 
Family: Codiaceae Zanardini, 1843 
Genus: Halimeda Lamouroux, 1812 

Halimeda sp 
(Pl.1, Fig. 4) 

Description: Thallus strongly branched and 
calcified with elliptically elongated segments of 
about 0.5 to 1.9 mm in diameter and 1.5 – 2.6 mm 
in length. Filaments slightly oblique with non – 
distinctive layers.  
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Plate 1. Fig. 1. Lithophyllum ghorabi Souaya, Single branche showing coaxial core filaments embedded in micrite matrix, sample 103, 
Sadat Mb., Gharra Fm., Gabal Gharra, x80. Fig. 2. Lithophyllum pseudoamphiora Johnson, coaxial core filaments, sample 95, Sadat 
Mb., Gharra Fm., Gabal Gharra, x60. Fig. 3. Lithothamnium aggregatum Lemoine, warty protuberance of peripheral filaments, sample 
40, Sadat Mb., Gharra Fm., Gabal Gharra, x80. Fig. 4. Halimeda sp. layers of palisads cells with circular conceptacle, sample 83, Sadat 
Mb., Gharra Fm., Gabal Gharra, x50. Fig. 5. Lithothamnium operculatum Lemoine, warty protuberance of peripheral filaments with 
conceptacle, sample 40, Sadat Mb., Gharra Fm., Gabal Gharra, x80. Fig. 6. Mesophyllum rigidum Mastrorilli, Peripheral filaments 
showing oval - shaped conceptacles in irregular grid peripheral thalli, sample 28, , Sadat Mm., Gharra Fm., Gabal  Agrud. Fig. 7. 
Lithophyllum prelichenoides Johnson, branche of coaxial core filaments, sample 95, Sadat Mb., Gharra Fm., Gabal Gharra, x60. Fig. 
8. Lithoporella melabesioideae (Foslie) Foslie, encrusting dimerous layers of palisads cells with circular conceptacle, sample 83, Sadat 
Mb., Gharra Fm., Gabal Gharra, x50. 
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Plate 2. (All the figured specimens are magnified as x50, unless otherwise noted), Fig. 1. Mesophyllum vaughani (Howe) Lemoine, 
Warty protuberance of poorly developed core filaments at base with peripheral filaments, sample 98, Sadat Mm., Gharra Fm., Gabal 
Gharra. Fig. 2. Mesophyllum sanctidionysi Lemoine, long branch protuberance with large conceptacles, sample 98, Sadat Member, 
Gharra Formation, Gabal Gharra. Fig. 3. Spongites albanensis (Lemoine), Bifurcating layered to foliose crusts of Peripheral filaments 
showing bean - shaped conceptacles in irregular grid, sample 103, Sadat Mm., Gharra Fm., Gabal Gharra. Fig. 4. Mesophyllum 
lemoine Lemoine, long branch protuberance with large conceptacles, sample 98, Sadat Member, Gharra Formation, Gabal Gharra. Fig. 
5. Spongites sp., Peripheral filaments showing bean - shaped conceptacles in irregular grid, sample 103, Sadat Member, Gharra 
Formation, Gabal Gharra. Fig. 6. Lithothamnion saxorum Capeder, postigenous filaments with conceptacle, sample 69, Sadat Mb., 
Gharra Fm., Gabal Agrud, x60. Fig. 7. Lithothamnion undulatum Capeder, fragement of branche thalli showing protuberance with 
conceptacle, sample 69, Sadat Mb., Gharra Fm., Gabal Agrud, x60. Fig. 8. Mesophyllum iraqense Johnson, warty protuberance of 
coaxial core filamnets and outer peripheral filaments, sample 103, Sadat Member, Gharra Formation, Gabal Gharra. Lithophyllum 
bonyense Johnson, branched to columnar thalli showing thin monomerous thin thalli, sample 93, Sadat Mb., Gharra Fm., Gabal 
Gharra, x40 

 
Summary and cnclusions 
The study of the coralline red algae from the Lower 
Miocene deposits of both Sadat and Genefe 
members of the Gharra Formation in two 
stratigraphic sections namely Gabal Gharra and 
Gabal  

Agrud, Cairo – Suez District, led to the 
recognition of twenty four coralline algal species 

belonging maily to nine genera and two subfamilies 
of the Phyllum Rhodophyta. The recognized species 
have been taxonomically studied and their 
occurrence is also mentioned. The Lower Miocene 
rhodoliths from both Gabals Gharra and Agrud 
were formed in an open platform environments 
subjected to the influence of sporadic storms. 
Internally, the rhodoliths are composed of delicate 
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laminar coralline growths that are predominant 
together serpulids, bryozoans, and encrusting 
foraminifers. The algal association comprises the 
following genera: Lithophyllum, Lithothamnion, 
Mesophyllum and rare Sporolithon, Spongites and 
Lithoporella. The investigations showed that the 
most dominant genera are Lithophyllum spp. and 
represented maily by Lithophyllum ghorabi, 
Lithophyllum prelichenoides, Lithophyllum 
pseudoamphiora and Lithophyllum sp. These 
species are occurred encrusting different skeletal 
fragments such as large foraminifera, coral 
fragments and other reworked coralline red algae. 
Concerning the relative abundance of the other 
genera, Lithothamnion spp. and Mesophyllum spp. 
are recorded in more or less frequencies. They 
represented mainly by Lithothamnion saxorum, 
Lithothamnion saipanense, Mesophyllum 
lemoineae, Mesophyllum laffittei, and Mesophyllum 
sanctidyonesii. The Sporolithons spp. are rarely 
occurred in the studied materials and reprsented by 
few species such as Sporolithon cyrenicum and 
Sporolithon sp. The monostromatic Lithoporella sp. 
is commonly recorded. The geniculate coralline 
algae are represented by Corallina sp. only where 
the green algae of the family Codiaceae is rarely 
recorded being represented by only one genus, 
Halimeda sp. The stratigraphic distribution of the 
identified species led to subdivide the Lower 
Miocene section into two main local coralline algal 
zones, from base to top: Lithophyllum  ghorabi 
Zone and included the Sadat Member while the 

other zone is Mesophyllum iraqense and covered 
the Genefe Member. 

The study also showed that five factors 
contributing the formation rhodoliths and their 
coralline algal thalli, among them are the shape, size, 
massiveness, and internal structures of the rhodoliths, 
algal species diversity and the thallus thickness as 
well as the predominance of epibiont and borings. A 
comparison of the two the analyzed rhodoliths 
populations from the Lower Miocene deposits in 
both of the studied two sections shows common 
features, but also of significant differences. The most 
significant differences are: The rhodoliths 
populations of Gabal Gharra formed under low 
energy conditions (quite water environments) and 
characterized by porous rhodoliths with higher 
primary porosity, less frequent epibionts, more 
boring and thick coralline algal thalli as well as 
greater asymmetry. On the contrary, in Gabal Agrud 
the analyzed rhodoliths population were formed in 
high energy conditions of shallow water marine 
environments and characterized by more mobile, 
symmetrical rhodoliths, more frequent of epibiont, 
thin coralline thalli. 
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