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a b s t r a c t

Three species of a canaliculated rudist Caprinula d'Orbigny, 1847, C. sharpei (Choffat, 1885), C. cedrorum
(Blanckenhorn, 1890) and C. cf. boissyi d'Orbigny, 1840 and a radiolitid Sauvagesia sharpei (Bayle, 1857)
are described from the Hummar Formation (upper Cenomanian) in NW Jordan, in the vicinity of Ajlun.
Caprinula sharpei, C. cedrorum and S. sharpei are described for the first time from Jordan. Many specimens
of S. sharpei are characterized by the presence of cavities flanking the lamellar myophores in the left
valve and the apparence of the dorsal cavity and teeth/socket system moulds in the inner part of the
outer shell layer of the right valve. A hiatus (or erosional unconformity) between Hummar Formation and
upper Turonian Wadi As Sir Limestone Formation is suggested by the presence of karstic structures,
reworked limestone clasts, and rudist fragments and a sharp boundary. Early diagenetic processes such
as dissolution and silicification present in the loose rudist material is described.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Cenomanian canaliculate and radiolitid rudists are distributed
in Tethyan deposits along the northern side of theMediterranean in
Portugal, France, Italy, Croatia, Bosnia-Herzegovina, Bulgaria,
Greece and Turkey (Accordi, Carbone, & Pignatti, 1998; Accordi,
Carbone, & Sirna, 1989; Berthou, Ferreira Soares, & Lauverjat,
1979; Bilotte, 1985; Carbone, Praturlon, & Sirna, 1971; Combes,
Fourcade, Masse, & Philip, 1981; Douvill�e, 1888; d'Orbigny, 1847,
1850; Mermigis, 1993; Mermigis, Philip, & Tronchetti, 1991; €Ozer,
1988, 1998; €Ozer & Sarı, 2008; Pamouktchiev, 1974; Parona, 1926;
Philip, 1978; Pleni�car, 1961, 1963; Pleni�car & Jurkov�sek, 2000;
Pol�sak, 1967; Pons, Vicens, & Tarlao, 2011; Sarı & €Ozer, 2009;
Sharpe, 1850; Sirna & Paris, 1999; Sli�skovi�c, 1966, 1982, 1983;
Steuber, 1999a,b, 2002; Swinburne & Noacco, 1993; Tentor, 2007).
Studies on the Arabian-African plate show that our knowledge is
very limited regarding Cenomanian canaliculate rudists compared
to radiolitids. Faunas from Tunisia, Libya, Morocco, Oman, Egypt,
Lebanon, Jordan, Iraq and Iran (Steuber, 2002) are mostly described
from older publications and are poorly described. Faunas are better
known from Algeria (Chikhi-Aouimeur, 1996, 1998, 2002, 2004,
2010; Fliert, 1952; Parona, 1921). There are, nevertheless, good
modern records from Oman (Philip, Borgomano, & Al-Maskiry,
1995) and Sinai, Egypt (Bauer, Steuber, Kuss, & Heimhofer, 2004).

The presence of rudists has been documented in stratigraphic
and sedimentologic studies from the northern, central and south-
ern parts of Jordan (Abed, 1982; Baaske, 2005; Kuss et al., 2003;
Makhlouf, Abu-Azzam, & Al-Hiyari, 1996; Powell, 1989; Powell &
Moh'd, 2011; Schulze, Lewy, Kuss, & Gharaibeh, 2003; Schulze,
Marzouk, Bassiouni, & Kuss, 2004; Schulze, Kuss, & Marzouk,
2005), but there are no published studies on their systematic
palaeontology. Bandel and Mustafa (1996) identified some rudists,
including Caprinula boissyi d'Orbigny, 1847 and Sauvagesia sp. from
limestones of Cenomanian age and Hippurites requieni Matheron,
1842 of Turonian age near the city of Ajlun in north Jordan. They
did not give precise locality or stratigraphic data nor any infor-
mation about the silicification of the rudists. New rudist material
from the Ajlun-Kitim area (this study) confirms the presence of
abundant canaliculate rudists with accompanying radiolitids from
the upper Cenomanian limestones. This new material makes it
possible to resolve some of the taxonomic problems associated
with the rudist identifications of Bandel and Mustafa (1996). In
addition, two controversial rudist identifications of Toucasia
matheroni (Coquand, 1862) and Radiolites? sp. were determined to
be requieniids in Berndt's (2002) study of the palaeoecology and
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taxonomy of the macrobenthic fauna of the Cenomanian of
southern Jordan.

The rudists are a source of important data regarding the
diagenetic history of the rudist reefs, rudist-bearing limestones and
dolomitic limestones. The diagenetic processes affecting rudists are
mainly revealed by the microfacies, geochemical, isotopic and
luminescent analysis of the rudist shells, and also by lithologic re-
ports from the viewpoint of reef diagenesis in previous studies (Al-
Aasm & Veizer, 1986a,b; Al-Mohammad, 2012; Alsharhan, 1995;
Aqrawi, Tehni, Sherwani, & Kareem, 1998; Asghari & Adabi, 2014;
Braun & Hirsch, 1994; Enos, 1986; García-Garmilla, 2003; García-
Garmilla, €Ozer, & Sarı, 2004; Garcia-Hidalgo et al., 2012; Ghanem &
Kuss, 2013; Mansour, 2004; M'Rabet, Negra, Purser, Sassi, & Ben
Ayed, 1986; Negra, 1984; Negra, Purser, & M'Rabet, 2009; Opdyke,
Wilson, & Enos, 1995; Regidor-Higuera & García-Garmilla, 2005,
2006; Regidor-Higuera, García-Garmilla, & Elorza, 2002; Regidor-
Higuera, García-Garmilla, & Skelton, 2007; Sadooni, 2005;
Sanders, 1998, 1999, 2001; Steuber, 1999a; Touir & Soussi, 2003).
There is remarkably less attention given to the diagenetic effects of
loose rudist specimens. Reports of these effects are substantially
based on dissolution of the valves from thin sections or valves
embedded within the limestones (Burla, Heimhofer, Hochuli,
Weissert, & Skelton, 2008; Cestari & Sartorio, 1995; Ross &
Skelton, 1993; Sanders, 1998, 1999, 2001; Schlüter, Steuber, &
Parente, 2008). The Jordanian rudist material allows us to
describe the diagenetic processes affecting loose specimens that
formed part of the mobile substrate.

The present study describes canaliculate and radiolitid rudists
based on material recently collected from the upper Cenomanian
limestones of the Hummar Formation between Ajlun city and Kitim
town, NW Jordan (Fig. 1). New stratigraphic data on the upper
boundary of the Hummar Formation is discussed and the diage-
netic processes of the rudist valves are also described.

2. Material and methods

The rudist specimens were extracted from the following
measured stratigraphic sections in the area between the Ajlun city
and Kitim town in the NW of Jordan (Figs. 1e4):

1-Ishtafina section: NE of Ajlun city, 2 kmWof Ishtafina town at
the intersection of latitude (32�21ˊ24.699 N) and longitude
(35�44ˊ16.884 E).
2-An Nuaymah section: SE of Kitim town, 3 km SE of Shayaha
town at the intersection of latitude (32�23ˊ 20.717 N) and
longitude (35�51ˊ04.663 E).
3-Samta section: Between Ajlun city and Kitim town, 3 km SE of
Rihaba town at the intersection of latitude (32�24ˊ 09.731 N)
and longitude (35�48ˊ26.204 E).

Thin sections from loose rudist specimens were made to better
understand the diagenetic effects such as dissolution and silicifi-
cation of the calcitic outer shell layer, the originally aragonitic in-
ternal shell layer and the body cavity. An XRD analysis was made to
determine of the mineralogic composition of reddish-deposits
filling the body cavity of Caprinula specimens.

Many of the studied rudist fossils are held in the first author's
collection in Dokuz Eylul University, _Izmir, Turkey, and the others in
the collections of the Hashemite University, Faculty of Natural Re-
sources and Environment, Department of Earth and Environmental
Sciences, Jordan. The explanation of the identifying numbers (e.g.,
EESH 2013 V 6) is as follows: EESH e Earth and Environmental
Sciences Department at Hashemite University, 2013 e the year of
collection, Ve refer to the rank of the collection during the year, and
6 e the number of each individual specimen within the collection.
3. Geological setting and stratigraphy

Jordan is located on the northern part of the Arabian Plate and
comprises Precambrian, Mesozoic and Cenozoic rocks (Alsharhan&
Nairn, 1997; Baaske, 2005; Powell, 1989). Palaeogeographic studies
(Philip et al., 2000; Stampfli, Borel, Cavazza, Mosar,& Ziegler, 2001)
show that, during late Albian and Turonian times, Jordan was part
the Levant platform (Kuss et al., 2003; Schulze, Kuss, & Marzouk,
2005). The marine Cretaceous sequences of Jordan were depos-
ited along the western and northern margin of the Levant platform,
connected to the Mediterranean Neo-Tethys and located on the
passive margin of the Arabian-Nubian Shield (Kuss et al., 2003;
Philip et al., 2000; Powell, 1989; Stampfli et al., 2001; Schulze,
Kuss, & Marzouk, 2005). The depositional system during the Cen-
omanian and Turonian was characterized by shallow marine car-
bonates including rudist-bearing limestones and dolomitic
limestones, which largely covered the Jordanian shelf (Powell &
Moh'd, 2011).

The Cretaceous succession of Jordan is divided into the three
major lithostratigraphic groups: Kurnub Sandstone Group (Berria-
sian to Albian), Ajlun Group (Cenomanian to Turonian) and Belga
Group (Coniacian to Eocene) (Fig. 1), all of which are observed
around Ajlun city (Abed, 1982; Abdelhamid, 1995; Abu Qudaira,
2005; Bender, 1974; Burdon, 1959; Masri, 1963; Powell, 1989;
Quennell, 1951).

Ajlun Group carbonates unconformably overlie siliciclastics of
theKurnubSandstoneGroupandare in turnoverlainunconformably
by the limestones and marls of the Belga Group (Powell, 1989;
Quennell, 1951). The Ajlun Group is composed of five formations,
from bottom to top, the Naur (fossiliferous limestones, calcaerous
mudstones, gypsiferous clays, ?upper Albian-lower Cenomanian),
Fuheis (marls, marly nodular fossiliferous limestones, calcaerous
mudstones, Cenomanian), Hummar (pink to yellowish grey fossilif-
erous limestones, dolomitic limestones, upperCenomanian), Shuayb
(yellow to yellowishgrey fossiliferousmarls andnodular limestones,
upper Cenomanian to lower Turonian) and Wadi As Sir Limestone
formations (dolomitic-marly-fossiliferous cherty limestones, upper
Turonian) (Basha,1978; Dilley,1985;Wetzel&Morton,1959) (Fig.1).

The contacts between these formations are generally accepted
as conformable in the Ajlun area. However, a subaerial unconfor-
mity marked by a calcrete and paleokarstic horizon separating the
Fuheis and Hummar formations has been recently described from
an area southeast of Amman (Abed, Hamad, Khair, & Kraishan,
2013). The lower boundary of the Wadi As Sir Limestone Forma-
tion may also be unconformable, as explained below.

The presence of rudists is documented only by limited taxo-
nomic determinations in the Wadi As Sir Limestone Formation in
the Ajlun area (Abdelhamid, 1995; Bandel & Mustafa, 1996; Masri,
1963; Powell, 1989). Rudist reefs have been reported in the Kitim
area (Parker, 1970) and in the area south of the Amman (Powell,
1989) in the upper part of the Hummar Formation. The taxo-
nomic determinations of known rudist species from the upper
Cenomanian and upper Turonian of the Hummar and Wadi As Sir
Limestone formations, respectively, collected from the five
measured-stratigraphic sections in the Ajlun-Kitim area, will be
presented in a separate study.

The Hummar and Wadi As Sir Limestone Formations are
observed in the Ishtafina and Samta measured-stratigraphic sec-
tions, but the An Nuaymah section contains only the Hummar
Formation (Figs. 2e4). The lower boundary of the Hummar For-
mation can not be observed in the sections, but the top is marked
by an erosional unconformity and is directly overlain by the Wadi
As Sir Limestone Formation. The karstic structures, reworked
limestones and rudist fragments, sharp boundary, and the absence
of Shuayb Formation or any palaeontologic indications of the lower



Fig. 1. Location map of the study area (inset bottom right) and geological map (modified from Abu Qudaira, 2005) showing the measured-stratigraphic sections (asterisks: 1-
Ishtafina, 2-An Nuaymah, 3-Samta).
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or middle Turonian indicate a hiatus between these two formations
in this area. Evidence of emergence such as palaeosols and caliches
were not observed on the erosional surface, but the discontinuity
may be a result of Oceanic Anoxic Event (OAE) 2, which has been
reported from the Cenomanian/Turonian boundary in Jordan
(Bandel & Salameh, 2013; Powell, 1989; Powell & Moh'd, 2011;
Schulze, Marzouk, Bassiouni, & Kuss, 2004; Wendler, Wendler, &
Kuss, 2009) and on the Arabian-African platform (Abdallah, 2003;
Bauer, Marzouk, Steuber, & Kuss, 2001; El-Sabbag et al., 2011;
Frank, Buchbinder, & Benjamini, 2010; Hajikazemi, Al-Aasm, &
Coniglio, 2010; Lewy, 1990; Saber, Salama, Scott, Abdel-Gawad, &
Aly, 2009). The intensely silicified rudist material indicates early
diagenesis of the shells, which developed during the subaerial
exposure of the studied area.

The Hummar Formation consists mainly of limestones, but
interbedded clayey marls with ammonites and marls are
observed in the An Nuaymah section. The thickness of the for-
mation varies from 8 m to 30 m. Monospecific clusters of
canaliculate rudists are observed in three stratigraphic sections.
Gastropod-bearing limestones are characteristically present
above the levels of rudist-bearing limestones. The Ishtafina sec-
tion is significant because of the greater abundance of canal-
iculated rudists compared to other sections. The rudist fauna
consists of Caprinula sharpei (Choffat, 1885), Caprinula cedrorum
(Blanckenhorn, 1890), Caprinula cf. boissyi d'Orbigny, 1840, Cap-
rina cf. schiosensis B€ohm, 1892, Neocaprina nanosi Pleni�car, 1961,
Sauvagesia sharpei (Bayle, 1857), Apricardia sp. and also includes
requieniids (€Ozer & Ahmad, 2014).

The rudist fauna indicates a late Cenomanian age. The deter-
mined three species of Caprinula are recognized as mostly upper
Cenomanian rudists (Steuber, 2002; Steuber & L€oser, 2000), and
have also been recorded from the upper Cenomanian of France
(Bilotte, 1985; d'Orbigny, 1850; Philip, 1978), Portugal (Berthou
et al., 1979), Italy (Swinburne & Noacco, 1993) and Algeria
(Chikhi-Aouimeur, 2010). Caprina schiosensis has been recorded
from Cenomanian strata of Algeria, Tunisia, Croatia, Bulgaria, Libya
(Steuber, 2002) and the upper Cenomanian of Italy, Bosnia-
Herzegovina, Slovenia and Turkey (€Ozer, 1998; Pleni�car,
Jurkov�sek, & Kolar-Jurkov�sek, 1999; Praturlon & Sirna, 1976; Sarı
& €Ozer, 2009; Sli�skovi�c, 1983). Neocaprina nanosi is a middleelate
Cenomanian rudist and has been recognized in the central Medi-
terranean Tethys (Italy, Croatia, Slovenia, Bosnia-Herzegovina,
Greece) by many authors (see Steuber, 2002). Sauvagesia sharpei
was first described from the upper Cenomanian of Portugal, and
shows awide distribution in the upper Cenomanian of the northern
and southern sides of the Mediterranean Tethys (see for detail Pons
et al., 2011), but there are some records also from Turonian rocks
(Steuber, 2002).



Fig. 2. Ishtafina measured-stratigraphic section (see Fig. 1 for location) showing the distributions of the described canaliculate and radiolitid rudists in this study and also other
identified rudists. Explanation: 1-limestones, 2-clayey marlstones, 3-dolomitic limestones, 4-marlstones, 5-caprinids, 6-radiolitids, 7-hippuritids, 8-Apricardia, 9-gastropods, 10-
cherts, 11-stylolite, 12-subaerial unconformity/hiatus.
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Previous studies support the same age interpretation for the
Hummar Formation. Benthic foraminifers from a study of the
biostratigraphy of the Ajlun Group in the east of Jordan indicate a
late Cenomanian age for the Hummar Formation (Basha, 1978). The
late Cenomanian age of the formation is also supported by the
presence of the ammonite, Neobilites vibrayeanus (d'Orbigny, 1841)
in the Calycoceras guarangeri Zone, which further indicates a
shallow marine shelf setting in the northern and central of Jordan
(Schulze et al., 2005). Aly, Smadi, and Abu Azzam (2008) used the
same ammonite as an index fossil for the upper Cenomanian in the
Hummar Formation and Wiese and Schulze (2005) used it for Jor-
dan and Egypt. Other studies based on ammonites, calcareous
nannofossils and benthic and planktic foraminifers in the west-
central-north of Jordan, also support a late Cenomanian age for
the Hummar Formation (Schulze, Lewy, Kuss, & Gharaibeh, 2003;
Schulze, Marzouk, Bassiouni, & Kuss, 2004; Schulze, Kuss, &
Marzouk, 2005). We also found some ammonites in the marls of
the formation just below the rudist-bearing limestones in the An
Nuaymah section, but they have not yet been identified. Additional
studies based on the foraminifera also support a late Cenomanian
age for the formation (Abdelhamid, 1995; Dilley, 1985; Olexcon Int.,
1967).

TheWadi As Sir Limestone Formation represents the uppermost
formation of the Ajlun Group (Powell, 1989) and is comprised of
well-bedded massive limestone, dolomitic limestones and dolo-
mites, locally with intercalated beds of gypsum and chert nodules
and especially characterized by the abundance of in situ rudists.
Monospecific biostromes constructed mainly by Hippurites resectus
Defrance, 1821 are observed in the Ishtafina and Samta measured-
stratigraphic sections (Figs. 2 and 3). Vaccinites rousseli Douvill�e,
1894 and Durania arnaudi (Choffat, 1891) are also found (€Ozer &
Ahmad, 2014). The rudist fauna indicates a late Turonian age for
the formation (see Steuber, 2002). The same age is also suggested
for the formation in northern and southern Jordan (Abdelhamid,



Fig. 3. Samta measured-stratigraphic section (see Fig. 1 for location and Fig. 2 for
symbols) showing the distributions of the described canaliculate and radiolitid rudists
in this study and also other identified rudists.

Fig. 4. An Nuaymah measured-stratigraphic section (see Fig. 1 for location and Fig. 2
for symbols) showing the distributions of the described canaliculate and radiolitid
rudists in this study and also other identified rudists.
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1995; Baaske, 2005; Bender, 1974; Dilley, 1985; Kuss et al., 2003;
Powell, 1989; Schulze et al., 2003).
4. Systematic palaeontology

We follow the classification scheme and terminology for rudist
taxa presented by Skelton (2013a,b).

Abbreviations: LV, left valve; RV, right valve; Ab, anterior radial
band; Pb, posterior radial band; Ib, interband; L, ligament ridge;
am, anterior myophore; pm, posterior myophore; at and ats,
anterior tooth and socket; pt and pts, posterior tooth and socket; ct,
central tooth; pc, posterior accessory cavity; ec, ectomyophoral
cavity/canals; bc, body cavity; ol, outer (calcitic) shell layer; il, inner
(originally aragonitic) shell layer.

Class BIVALVIA Linnaeus, 1758
Order Hippuritida Newell, 1965
Suborder Hippuritidina Newell, 1965
Superfamily: Radiolitoidea! d'Orbigny, 1847
Family: Caprinulidae Yanin, 1990
Genus Caprinula d'Orbigny, 1847
Type species. Caprina boissyi d'Orbigny, 1840
Caprinula sharpei (Choffat, 1885)
Fig. 5AeE
1885 Ichthyosarcolites Sharpei, Choffat, p. 63.
1888 Caprinula Sharpei, Douvill�e, p. 712, pl. 12, Fig. 4, pl. 23,
Figs. 5e6.
1961 Caprinula sharpei, Pleni�car, p. 48, pl. 6, Fig. b, pl. 9, Fig. a,
text-fig. 7.
1981 Caprinula sharpei, Pamouktchiev, p. 154, pl. 75, Fig. 4.
Material and occurrence. One specimen with both valves but RV
is partially preserved (No. EESH 2013 V 40), one RV specimen
(No. EESH 2013 V 42) from Ishtafina, Ajlun, Jordan and one
specimen of LV (No EESH 2013 V 46) from An Nuaymah, Ajlun,
Jordan (Fig. 1).
Description. The LV is conical with beak curved towards the
posterior part and its length varies from 60 mm to 90 mm in
well-preserved specimens (Fig. 5AeB). The calcitic ol is very thin



Fig. 5. AeE. Caprinula sharpei (Choffat, 1885). AeB e Both valves, but RV is partly preserved. The LV is conical and its beak curved towards the posterior part. The elongate pallial
canals of the aragonitic il can be clearly observed in the eroded parts of the thin calcitic ol. Note thin aragonitic il. Ishtafina, Ajlun, Jordan. No. EESH 2013 V 40. CeD e Ishtafina, Ajlun,
Jordan. No. EESH 2013 V 42. C e the RV, ventral part showing the L, the myocardinal apparatus, the thin ol (thick white arrow), the accessory cavities/canals and longitudinal pallial
canals (yellow arrows). The thin furrows can be seen in the cavities along its length. The horizontal red line indicates the location of the transverse section given in the next figure. D
e the adumbonal view, the transverse section of the same specimen showing the thin il with one or two rows of canals, the well-preserved large accessory cavities, the ct (dissolved
out) in its characteristic position in front of the L, flanked by the internal moulds for the ats and pts. It looks quite similar to the RV of C. sharpei, as illustrated by Douvill�e (1888, Pl
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(0. 5 mm), badly preserved and the elongate pallial canals of the
aragonitic il can be observed in its eroded part. The aragonitic il
is very thin, 1 mme2 mm is represented generally by a single
row of polygonal or suboval very small pallial canals. A single
specimen shows the second row containing very small rounded
pallial canals in the antero-ventral part of the valve. An oblique
lamina separates the bc from the pc, and the latter is much
smaller than other. The transverse section of the LV is suboval,
slightly flattened in the dorso-ventral sense and its diameter,
very close to the commissure, varies from 70 � 60 mm to
90 � 75 mm.

The RV is broken out, it seems to be conical, gently curved and its
present length varies from 20 mm to 70 mm (Fig. 5AeD). The
calcitic ol is thin (1 mm) and almost preserved. The longitudinal
thin pallial canals are seen in its eroded part. The transverse section
of the RV is suboval and it has a maximum diameter 80 � 60 mm.
The aragonitic il is thin (2e3 mm) in the antero-ventral part and
consists of two rows of pallial canals showing elongated polygonal
in the interior and following very small rounded canals (Fig. 5D).
The il is very thin (1 mm) in the posterior part and consists of a
single row of small rounded pallial canals. One row of accessory
cavities/canals separated by thin laminae, are observed in the
anterior and posterior parts of the valve, and present a remarkable
aspect due to the small size of the pallial canals. The posterior part
contains three large 10e13 mm sub-rectangular elongated cavities.
The anterior part consists of two or three, sub-rectangular or ova-
loid cavities, which are thinner (5 mme8 mm) than those of pos-
terior. In the middle of the each cavity there is a very thin furrow
along its length (Fig. 5C). A large cavity is also seen between the pts
and bc (Fig. 5D), which is labelled as ‘Of’’ by Douvill�e (1888, pl. XXII,
4 b, pl. XXIII, 5 b). The L is invaginated. The LV teeth sockets are
unequal; the anterior one is bigger than other. The ct is situated in
front of the L and flanked by the internal moulds for the ats and pts.
The myophores represented by thin plates.

Discussion and remarks. C. sharpei is characterized as poorly
canaliculated, with one or two rows of pallial canals, differing
from other species of the genus. RVs transverse sections of our
specimens a show clear resemblance to that of Douvill�e (1888,
pl. XXIII, Fig. 5 b). The shape of the LV of our specimens is
identical to Caprinula brevis Sharpe (1850, pl. 17, Fig. 1), but, the
internal features of the latter species are less known. The thin
LVs il consisting of one or two rows of pallial canals of a spec-
imen determined as Caprinula boissyi by Sharpe (1850, pl. 16,
Fig. 3), is similar to our specimens. It is likely that this is the first
record of this species from Arabian platform carbonates.
Caprinula cedrorum (Blanckenhorn, 1890)
Figs. 5F, 6AeD
1890 Hippurites cedrorum, Blanckenhorn, p. 86.
1910 Caprinula cedrorum, Douvill�e, p. 63, pl. 6, Fig. 1, text-figs.
59e61.
1933 Caprinula cedrorum, Keller, p. 46, pl. 6, Figs.1 and 2, text-fig.
12.
1943 Caprinula cedrorum, Dechaseaux, p. 37, text-figs. 1e7.
1996 Caprinula aff. cedrorum, Chikhi-Aouimeur, p. 179e184,
text-fig. 2, pl. 1, Figs. 1 and 2, pl. 2, Figs. 1e5.
Material and occurrence. One specimen with both valves, but RV
is partially preserved (No. EESH 2013 V 41), one specimen of LV
XXII, Fig. 4 b, pl. XXIII, 5 b), even to the detail of the cavity labelled ‘Of’ by Douvill�e in his figur
LV, but partially preserved, abumbonal view. Note the thin il and the similarity between the
C. sharpei figured by Douvill�e (1888, Pl. XXII, Fig. 4a and Pl. XXIII, Fig. 5a and 6a). An Nuayma
abumbonal view, the transverse section of the RV showing the dissolution of the il, the bc a
deposits. No. EESH 2013 V 53. Scales indicate 10 mm. (For interpretation of the references t
(No EESH 2013 V 43), three RV specimens (Nos EESH 2013 V 47,
EESH 2013 V 50, EESH 2013 V 53) from Ishtafina, Ajlun, Jordan
and one specimen of RV (No EESH 2013 V 51) from Samta, Ajlun,
Jordan (Fig. 1).
Description. The LV is loosely coiled towards the posterior part
and it is about 110 mm long. The canals of the aragonitic il and a
thin lamina separating the pc from the bc can be observed in the
eroded parts of the valve (Fig. 6A, B). The transverse section of
the LV is suboval, its diameter varies from 50 � 40 mm to
70 � 60 mm. The L is invaginated, the ats is larger than the pts,
the ct is situated in front of the L, themyophores are represented
by thin plates. A thin lamina separating the bc from the pc and
connected the at is preserved (Fig. 6D). The pc is much smaller
than the bc. The aragonitic il consists of pallial canals decreasing
in canal size from the inner part to outer of the il and covering
around of the valve. It is thick, varies from 8mm to 10mm in the
postero-ventral and antero-ventral flank part where it consists
of six or seven rows of canals. Its inner part consists of two or
three rows of large (2 mme4 mm), polygonal or suboval pallial
canals, outer rows very small (1 mm), fine and rounded and the
outermost part comprises very small, piriform pallial canals.
Four or five large accessory cavities are present on the other side
of the pm.

The RV is conical and its length varies from 40 mm to 70 mm.
The calcitic ol is thin (1 mm) and the longitudinal thin pallial canals
are seen in its eroded part (Fig. 6C). The transverse section of the RV
is suboval and it has a maximum diameter 60 � 50 mm. The
aragonitic il is thick, varies from 8mm to 10mm in the anterior part
and thin, 1 mme4 mm in the other parts of the valve, consisting of
pallial canals covering all around of the valve (Fig. 5F). The il con-
sists of a single row of large, polygonal with 2 mme4 mm diameter
canals in the interior following one or three rows of small, round
with 1 mme2 mm diameter and piriform pallial canals. One row of
accessory cavities/canals is separated by thin laminae, observed in
the anterior and posterior parts of the valve. The L is invaginated.
The myophores are represented by thin plates but the myophoral
apparatus is partly preserved.

Discussion and remarks. Caprinula cedrorum (Blanckenhorn,
1890) and Caprinula boissyi d'Orbigny, 1840 show clear similar-
ities as indicated by Douvill�e (1910) and Chikhi-Aouimeur
(1996), except the first differs from the type-species by the
relatively small size of the pc, more oblique ats of the LV and
may be the reduced size of the ec of the RV. Our specimens differ
from Caprinula boissyi and we assign them to Caprinula cedro-
rum. The LV shows clear similarities with that of Douvill�e (1910,
Fig. 60), but the anterior part of our specimens is more canal-
iculated and so they approach the determination of Keller (1933,
Fig. 12 a, b). Caprinula distefanoi Boehm, 1897 closely resembles
some of the sections of C. cedrorum determined by Douvill�e
(1910, Fig. 60) and also our specimens.
Caprinula cf. boissyi d'Orbigny, 1840
Fig. 6E, F
1840 Caprina boissyi, d'Orbigny, p. 169.
1847 Caprinula boissyi, d'Orbigny, pl. 7, Fig. 52.
1888 Caprinula boissyi, Douvill�e, p. 707, pl. XXII, Figs. 1 a, b.
2002 Caprinula boissyi, Steuber, (see Web Catalogue of the
Hippuritoidea (rudist bivalves) for complete synonym list).
e, which can be seen in this specimen (thick white arrow). E e transverse section of the
form of the large canals on the right of this image and those outside the am in the LV of
h, Ajlun, Jordan, No. EESH 2013 V 46. F e Caprinula cedrorum (Blanckenhorn, 1890), the
nd the myocardinal apparatus (thin black arrows). Note the bc collapsed with reddish-
o colour in this figure legend, the reader is referred to the web version of this article.)



Fig. 6. AeD e Caprinula cedrorum (Blanckenhorn, 1890), Ishtafina, Ajlun, Jordan. AeB e Both valves, but RV is partly preserved. No. EESH 2013 V 41. A e the LV is loosely coiled
towards the posterior part. The oblique lamina separating the pc from bc is clearly observed. B e the antero-ventral part of the valve showing the pallial canals decreasing in canal
size from the inner part to outer in the il. C e RV, dorsal part, showing the thin ol, the longitudinal pallial canals of the il, the partly dissolved myocardinal apparatus and the large
accessory cavities/canals. Compare the dissolution and deposits filling features of the bc with those of next figures. No. EESH 2013 V 51. D e transverse section of the LV showing the
pallial canal decreases in canal size from the inner part to outer in the il, thin lamina separating the bc from the pc connected with ats (white thick arrow) and myocardinal
apparatus, adumbonal view. Note the partial dissolution of the il and myocardinal apparatus, with the bc and the pc collapsed with sediment-fill (otherwise partly eroded out) after
the dissolution of the valve. No. EESH 2013 V 43. EeF e Caprinula cf. boissyi d'Orbigny, the transverse section of the RV, E e the abumbonal view, showing the L, the myocardinal
apparatus, the large cavities, the ec and the il. The aragonitic il covers approximately all around of the valve and its pallial canals preserved. Note the partially dissolution of the
myocardinal apparatus and the large cavities, but almost all of the bc collapsed with deposits-filled after the dissolution of the valve, No. EESH 2013 V 45. F e adumbonal view. Note
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2007 Caprinula boissyi, Tentor, p. 6, Figs. 4 and 5.
2010 Caprinula boissyi, Chikhi-Aouimeur, p. 92, 93, Figs. 83, 1e3,
Figs. 84, 1e4.
Material and occurrence. Three RV specimens (Nos EESH 2013 V
45, EESH 2013 V 49, EESH 2013 V 48) from Ishtafina, Ajlun,
Jordan and one specimenwith both valves (No EESH 2013 V 44)
from An Nuaymah, Ajlun, Jordan (Fig. 1).
Description. The LV is badly preserved and it is impossible to
observe the internal characters. The RV is broken out, it seems to
be conical with thin (1 mm) calcitic ol and its present length
varies from 20mm to 70mm. The transverse section of the RV is
suboval and it has a maximum diameter 80� 60 mm (Fig. 6E, F).
The aragonitic il covers all of the valve, its thickness is variable
and it consists of a single row of suboval or polygonal canals in
the interior following one or three rows of small, round and very
sparse piriform pallial canals. One row of accessory cavities/
canals separating by thin laminae was observed in the anterior
and posterior parts of the valve. The ec separating the pm from
the shell wall is visible in some specimens. The L is invaginated.
The LV teeth sockets are unequal, the ct is situated in front of the
L. The myophores are represented by thin plates (Fig. 6E, F).
Discussions and remarks. The LV features of our specimens are
not preserved, however our RV specimens resemble Caprinula
boissyi based on the horizontal cardinal apparatus and the
presence of the ec. The large accessory cavities/canals of our
specimens are comparable to those of Neocaprina? sp. deter-
mined by Steuber and Bachmann (2002) from the upper Albian
of Sinai.
Family Radiolitoidae d'Orbigny, 1847
Genus Sauvagesia Choffat, 1886
Type species Sphaerulites sharpei Bayle, 1857
Sauvagesia sharpei (Bayle, 1857)
Figs. 7 and 8
1857 Sphaerulites sharpei, Bayle, 690.
1886 Sphaerulites sharpei, Choffat, p. 29, pls.2e3, pl.4, Fig. 1.
1891 Sauvagesia sharpei, Douvill�e, p. 669, text-fig. 1
2002 Sauvagesia sharpei, Steuber (see Web Catalogue of the
Hippuritoidea (rudist bivalves) for complete synonym list).
2010 Sauvagesia sharpei, Chikhi-Aouimeur, p. 129e131,
Figs. 120e122.
2011 Sauvagesia sharpei, Pons et al., p. 656, 657, Fig. 8 AeD.
Material and occurrence. Nineteen specimens with two valves
(Nos EESH 2013 V 1, EESH 2013 V 3, EESH 2013 V 4, EESH 2013 V
6 to EESH 2013 V 14, EESH 2013 V 15 B, C, EESH 2013 V 16, EESH
2013 V 17, EESH 2013 V 18, EESH 2013 V 34, EESH 2013 V 35),
twelve specimens of RV (Nos EESH 2013 V 15 A, EESH 2013 V 16,
EESH 2013 V 17, EESH 2013 V 19, EESH 2013 V 20, EESH 2013 V
22, EESH 2013 V 25, EESH 2013 V 26, EESH 2013 V 27, EESH 2013
V 28, EESH 2013 V 36, EESH 2013 V 39) selected from abundant
material from Ishtafina, Ajlun, Jordan. Four specimens with both
valves (Nos EESH 2013 V 2, EESH 2013 V 5, EESH 2013 V 31, EESH
2013 V 37), four RV specimens (Nos EESH 2013 V 21, EESH 2013
V 29, EESH 2013 V 30, EESH 2013 V 32) and one LV specimen
with partially preserved RV (EESH 2013 V 29) from Samta, Ajlun,
Jordan. Two specimens with both valves, their LV is partially
preserved (Nos EESH 2013 V 15 D, EESH 2013 V 38) and two RV
specimens (No EESH 2013 V 22, EESH 2013 V 24) from An
Nuaymah, Ajlun, Jordan (Fig. 1).
myocardinal apparatus, the pallial canals of the il, the large posterior cavities, the bc whic
G e the transverse, longitudinal and oblique sections of many Caprinula RV specimens e
pare the dissolution and deposits filling features of the bc with those of previous figure
petal fills in the bc of the shells (otherwise eroded out), so they have nothing to do with t
petal horizontal). Note also the original intraparticle (intraskeletal) porosity of the valve
Description. The RV is habitually straight, elongated conical, but
in some specimens it is cylindro-conical and slightly curved
towards the ventral part. The present length varies from 50 mm
to 70 mm, ornamented with finely longitudinal ribs, 0.5 mm
width, crossed by growth lamellae (Figs. 7F, 8AeD). The radial
bands are preserved in some specimens, the Ab and Pb are
slightly indented with fine riblets showing the same ornamen-
tation as that of the valve. The Ab is wide and flat, Pb is narrow
and salient and Ib is slightly furrow (Fig. 7A, C). The transverse
section of the RV is circular to semi-circular and has maximal
diameter of 58 mm and 70 � 80 mm, respectively (Table 1). The
radiolitiform myocardinal apparatus can be observed in only
some specimens because diagenetic processes obliterated the il
and bc features and it is situated very close to the L and the
internal dorsal margin of the shell. The at appears wider than pt,
myophores are very close to inner margin (Fig. 8EeG). The L is
small, triangular and represented by a V- or U-shaped longitu-
dinal furrow, 3 mmwide along the external surface of the inner
margin of the ol (Fig. 8A, B). The dorsal cavity consists of two
small cavities in il either side of the ligamentary infolding rep-
resented by simple canal-like longitudinal internal moulds
along the valve. A remarkable thick mould with subrectangular
section showing a width varying from 4 mm to 9 mm is situated
at the anterior of the L, its posterior part also contains a longi-
tudinal mould with a 2 mm wide suboval section (Fig. 8A, B,
EeG). The latter is always thinner than former. The moulds of
the teeth/socket system also follow the dorsal cavitymoulds and
they are situated between the aragonitic il and calcitic ol. This
structure is almost preserved in all specimens and can be clearly
observed in the eroded parts of the ol (Table 1). The calcitic ol of
the RV is thick, about 25e30 mm, and consists of cellular mes-
ostructures showing mostly a polygonal cross sectional shape
(Fig. 7AeE). However, some specimens show three or four rows
of rectangular cell sections around the ventral part of the valve
(Fig. 7E). The diameter of the polygons is about 2 mme3 mm in
the very close area to the inner margin of the ol, but it reaches
5 mme7 mm in the middle part of the layer and sometimes
towards the margin of the valve. The cell layers are habitually
continuous, but the rare discontinuity is also present. The
polygonal network is sometimes progressively developed and
seems to be covered the L groove (Fig. 7C). This polygonal
network shows a columnar structure reminiscent of the longi-
tudinal canals due to the silicification of the eroded part of the ol
in most of the specimens (Fig. 7). The remnants of these struc-
tures can be clearly observed when the ol intensely eroded.

The LV is preserved in some specimens; it is almost hemi-
spherically convex, always shorter than RV, cap-like in shape with
eccentric apex to the dorsal margin. Its height is variable and some
of them are salient with rounded shape (Fig. 8C). The calcitic
lamellar ol is 2e4 mm thick. The prong-like at and pt and plate-like
am and pm can be observed projecting down into inner wall of the
RV (Fig. 8H, I).

Discussion and remarks. Our specimens with small and trian-
gular L, unequal, flat and finely ribbed radial structures sepa-
rated by a slightly concave Ib and cellular structure with large
cells of the ol resemble Sauvagesia sharpei (Bayle, 1857; Caffau,
h were filled by the reddish-deposits after the dissolution of the valve, No. EESH 2013 V
xtracted from life position in the area, showing dissolved out canal structure of the il.
s C, D, E. Notice that the laminae (white arrows) are just the preserved silicified tops of
he original shell structure, and are parallel from one specimen to another (¼the original
s. No. EESH 2013 V 52. Scales indicate 10 mm.



Fig. 7. AeF e Sauvagesia sharpei (Bayle, 1857). AeD e Ishtafina, Ajlun, Jordan, EeF e Samta, Ajlun, Jordan. A e bottom view of the RV showing the cellular structure of the ol. Note
the longitudinal canal-like moulds of the dorsal cavity (thick white arrows) observed on the each side of L groove and the structure of the radial bands. No. EESH 2013 V 34. B e

partial enlargement of the ol of the previous specimen showing the silicified polygonal network. C e top view of the RV showing the silicified polygonal network of the thick ol. Note
the progressively developed covering of the cells of the L groove and dorsal cavity moulds. The Ab and Ib are preserved, but Pb is partially fragmented. D e bottom view of the RV
showing the silicified cellular mesostructure of the polygonal network of the ol. Compare the longitudinal moulds of the dorsal cavity (thick white arrows), the L groove (thin white
arrow) and feature of the bc with those of figure A and E. No. EESH 2013 V 36. E e bottom view of the RV showing the polygonal cross sectional shape of the cells, but the rectangular
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Pugliese,& Pleni�car, 1996; Chikhi-Aouimeur, 2010; Pol�sak, 1967;
Pons et al., 2011).

The cellular habit with a large polygonal network of our speci-
mens shows a remarkable analogy with that of Tekirdagia
€Ozdikmen (pro Favus) described by Laviano and Skelton (1992,
Figs. 7 and 8). The latter genus also shows the rare discontinuities of
cell floors (e.g., see Fig. 7 and text on p. 67 in Laviano & Skelton,
1992) found in some of our specimens, which are possible in
radiolitids (Amico, 1977, 1978; Pons & Vicens, 2008). But it is a
biradiolitid, so it differs from the Jordanian specimens. The internal
shell structure of the radial bands of S. sharpei specimens from the
Cenomanian of Italy show the microscopic features resembling
pseudopillars, a common feature in radiolitids even in primitive
forms (e.g. Eoradiolites davidsoni (Hill), see Douvill�e, 1909) provided
by Pons et al. (2011, Fig. 8 C, D). Although, the il in the ventral part of
our specimens show similarities with that of latter, they do not
have this peculiar microstructure. The cellular structure of our
specimens represents a columnar structure similar to the canal-
iculated inner shell layer of the rudists (Alenc�aster, 1990; Iba, Sano,
Skelton, Kagi, & Tanab, 2009; Mitchell, 2013; Schlüter et al., 2008;
Skelton, 2013a). However, the peculiar aspect of this structure in
the Jordanian specimens may be due to the silicified mode of
preservation as explained below in the “Diagenesis”.

The structure of the LVs teeth as prong-like and flanking the
lamellar myophores is a feature unknown for the genus Sauvagesia
and allied forms (e.g. Durania) of Cenomanian age. This character
may be useful for the emendation of Sauvagesia.

The dorsal cavity of the radiolitids was only reported as small,
sub-oval, sub-cylindric, triangular or round “cavities” or “accessory
cavities” by some studies (Karacabey-€Oztemür, 1976, 1980;
Milovanovi�c, 1937; Mitchell, 2003; €Ozer, 1982, 1983; Pleni�car,
1977; Pons, Schroeder, H€ofling, & Moussavian, 1992; Sladi�c-
Trifunovi�c, 1983). Publications, to date, on rudists have little infor-
mation about the dorsal cavity of Sauvagesia, for example in
S. meneghiniana (Pirona, 1869) and S. tenuicostata Pol�sak, 1967 from
the Boeotia, central Greece (Steuber, 1999b, p. 113, 116). The moulds
of the dorsal cavity and the teeth/socket system can be preserved in
all specimens without any changes, but this peculiar shell structure
has not been mentioned and figured until now either in radiolitids
or Sauvagesia specimens. This feature may be compared with that
of a monopleurid, Mathesia (pro Agria) darderi (Astre, 1933), which
was recently described by Masse and Fenerci-Masse (2010).

The cellular mesostructures of the RVs ol, especially the pres-
ence of the cavities flanking the lamellar myophores in the LV and
the apparence of the dorsal cavity and teeth/socket system moulds
in the inner part of the ol provide features exclusive to our speci-
mens, but they are not here accepted as a basis for creating a new
species.

5. Diagenesis

The presence of dolomitic limestones, limestones with stylo-
lites, and cherts in the Hummar Formation along with the topmost
erosional surface features indicate that the formation has been
subjected to diagenetic processes during subaerial exposure. This is
result of intra-plate stress and fault tectonics related to the north-
wards movement of the AfroeArabian Plate and its collision with
the Eurasian Plate during the latest Cenomanian-Turonian, as
documented by many studies of the Syrian Arc Fold-belt (Bartov,
cells can be also observed in the top of the specimen (white arrow). Note the obliterated p
Samta, Ajlun, Jordan, No. EESH 2013 V 37. F e the RV showing the canal-like thin columnar
arrows). An Nuaymah, Ajlun, Jordan, No. EESH 2013 V 22. Scales indicate 10 mm.
Lewy, & Steinitz, 1980; Bauer, Kuss, & Steuber, 2003; Brew,
Barazangi, Al-Maleh, & Sawaf, 2001; Kuss et al., 2003; Sass &
Bein, 1982). The tectonics resulted in favourable conditions for
mixing of fresh water-sea water and a major sea-level fall which
provided the early diagenetic conditions that simultaneously
affected the rudist material.

The rudist material of this study shows diagenetic effects that
include two major consecutive processes as follow:

5.1. Dissolution

Dissolution is one of the main diagenetic processes to affect the
external and internal features of the studied material (Figs. 5e8).
The ol, the il, and especially the bc of the valves collapsed partially
or entirely after this intense dissolution, and were filled with
reddish-deposits which are clearly observed in loose specimens
and also in thin sections (Figs. 5CeF, 6e8, 9). The deposits filling
the voids formed by the dissolution are comparable to those
described in the following studies: “red internal argillaceous
sediments then partially to completely filled rudist shells” have
been described from the Lower Cretaceous rudist-bearing lime-
stones of the Vercors carbonate platform (SE France) by Fouke
et al. (1996, p. 304); radiolitid shells showing the dissolution
and collapse with “internal sediments” have been described from
the Upper Cretaceous rudist biostromes of Aurisina, Italy by
Sanders (2001, Fig. 20); and dissolution and filling with “darker
orange sediment” of caprinid shells have been described from the
Lower Cretaceous of Portugal by Skelton in Burla et al. (2008,
Fig. 8).

Some of the bc of the canaliculate rudist specimens show in-
ternal geopetal fabric (sensu, Flügel, 2010) that developed after
dissolution (Fig. 6G). Internal geopetal fabrics are normally char-
acterized bymicritic fillings at the base and sparry calcite at the top
(Bathurst, 1975; Flügel, 2010), the latter indicating that the car-
bonate development conditions were probably, but occasionally,
associated with the increasing of the pH in the area (Bathurst, 1975;
Flügel, 2010). Although they are eroded out in our canaliculated
specimens, the thin oblique laminae are just the preserved silicified
tops of geopetal fills and are parallel from one specimen to another,
indicating the original geopetal horizon. Some geopetal fabrics in
rudist shells have been reported, but not figured, from the Creta-
ceous of Mexico, Jamaica, Italy, Austria and Germany (Di Stefano &
Ruberti, 2000; Mitchell, 1999; Steuber, 2001; Zimmerle, 1995). A
geopetal fabric was described in the longitudinal section of a
radiolitid from the Nabresina, Karst, Italy by Sanders (1998). It is
probable that a Sauvagesia sharpei specimen from the Morocco has
a geopetal fabric (Chikhi-Aouimeur, 2010, p. 131, Figs. 122, 3),
although not recognized as such by this author.

Dissolution generates types of porosity including vuggy, moldic
and enlarged intergranular porosity (Flügel, 2010; Moore, 1997;
Selley, 2000). The vuggy and moldic porosity seems to be the
main dissolution type in the rudist-bearing limestones (Cestari &
Sartorio, 1995; Ross & Skelton, 1993). They are developed in all
components (matrix, cement and grains) of the limestones andmay
have enhanced the porosity capacity of the Hummar Formation in
the meteoric fresh water zone and occasionally in the mixed
marine-fresh water zone (Moore, 1997; Moss & Tucker, 1995;
Tucker & Wright, 1990). Confirmation requires detailed microfa-
cies analysis, which is outside the scope of the present study.
However, the eroded part of the valves indicate an original
reservation of the ol within the cells that resembles a canal-like columnar structure.
structures of the ols cells. The silicification both of the bc and the valve are seen (black



Fig. 8. AeI e Sauvagesia sharpei (Bayle, 1857). AeB e both valves, the RV is elongated conical to cylindro-conical, the L is represented by an V- or U-shaped longitudinal furrow (thin
white arrow), two canal-like longitudinal moulds of the dorsal cavity (thick white arrows) situated on each side of the Ls furrow and following longitudinal suboval thin moulds of
the teeth/socket system (thick black arrows). Note a remarkable subrectangular mould of the dorsal cavity in the anterior of Ls furrow and partially preserved ol showing the canal-
like columnar structure of the cells (thin black arrows) caused by the silicification of the valve. The LV is partially preserved, almost hemispherically convex, always shorter than
right valve, cap-like in shape with eccentric apex to the dorsal margin. Ishtafina, Ajlun, Jordan. Nos. EESH 2013 V 3, EESH 2013 V 1. C e both valves. Note the eccentric apex of the LV
and the apparence as canal-like thin longitudinal structures of the cells of the RVs ol. Samta, Ajlun, Jordan, No. EESH 2013 V 5. D e the RV of conjoined to another shell shows the
ornamentation with fine longitudinal ribs separated by thin grooves and crossed by growth lamellae, anterior side, Samta, Ajlun, Jordan, No. EESH 2013 V 32. EeG e the transverse
sections of the RV close to the commissure showing the radiolitiform myocardinal apparatus. The subrectangular and suboval sections (red arrows) of the dorsal cavity longitudinal
moulds observed along the valve, can be seen at the anterior and posterior of the L, respectively. The anterior one is always much large than the other. Compare with figure A and B.
The remnants of the ol are partially preserved (white arrows). The intense silicification in the il and the bc after the dissolution of the valve represented. The myocardinal apparatus
is also dissolved and filled by the reddish-sediments. E and F from Ishtafina, Ajlun, Jordan. No. EESH 2013 V 15 B and G from An Nuaymah, Ajlun, Jordan, No. EESH 2013 V 15 D. HeI e
the top view of the LV presenting the prong-like at and pt and plate-like am and pm projecting down into inner wall of the RV. Nos. EESH 2013 V 15 B and EESH 2013 V 15 C from
Ishtafina, Ajlun, Jordan. Scales indicate 10 mm. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Table 1
The RVs and LVs characters of Sauvagesia sharpei specimens. The dimensions is inmm. The nos 16 to 28, except 18, show the available length of the RV because of the absence of
LV. The diameter of the partly preserved RV specimens is indicated by italic. The prefix of samples is EESH.

Sample no RV's length Diameter LV's height A dp da

2013 V 1 90 41 � 50 10 23 3 8

A:Total thickness of the moulds
dp: posterior dorsal cavity mould
da: anterior dorsal cavity mould
Specimen No. EESH 2013 V 3
A indicates 22 mm

2013 V 2 95 30 � 40 14 22 3 8
2013 V 3 105 45 � 55 18 22 3 6
2013 V 4 100 45 � 55 10 23 4 7
2013 V 5 90 40 � 50 13 20 3 6
2013 V 6 95 45 10 22 3 8
2013 V 7 110 52 8 23 3 8
2013 V 8 145 58 35 28 4 9
2013 V 9 95 43 22 20 3 6
2013 V 10 110 55 15 22 3 7
2013 V 11 90 40 10 20 3 5
2013 V 12 100 45 24 24 3 7
2013 V 13 120 35 22 20 2 5
2013 V 14 110 51 10 23 2 6
2013 V 15A 130 40 10 25 3 6
2013 V 15B 85 35 � 40 11 23 3 7
2013 V 15C 50 27 � 35 8 14 3 6
2013 V 15D 110 35 � 42 12 25 4 8
2013 V 16 135 50 e 26 3 6
2013 V 17 110 45 e 24 3 8
2013 V 18 120 40 � 50 5 24 3 8
2013 V 19 120 34 e 22 3 7
2013 V 20 155 55 e 28 4 9
2013 V 21 80 32 e 18 3 7
2013 V 22 80 25 e 16 3 6
2013 V 23 90 40 e 18 3 7
2013 V 24 80 28 e e e e

2013 V 25 82 30 e e e e

2013 V 26 80 29 e e e e

2013 V 27 81 30 e e e e

2013 V 28 82 30 e e e e

2013 V 29 60 65 � 75 12 17 3 6
2013 V 31 65 65 � 76 11 17 3 7
2013 V 32 70 66 � 78 12 20 3 7
2013 V 34 70 70 � 80 15 22 3 7
2013 V 35 55 65 � 74 13 18 3 6
2013 V 36 60 67 � 75 13 17 3 6
2013 V 37 62 68 � 80 10 18 3 7
2013 V 38 50 45 � 55 8 14 3 6
2013 V 39 78 66 � 74 13 18 3 7
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intraparticle (intraskeletal) porosity, in the studied rudist material
(Fig. 6G).
5.2. Silicification

Silicification is another of the more important diagenetic fea-
tures affected in the loose rudist material. Our specimens are
silicified as a result of the precipitation of silica in the solution
within the voids formed by the dissolution of the calcitic ol, the
aragonitic il and by the volumetric dissolution of the bc and pc in
the valves. It indicates that the presence of silica saturated waters
and low pH conditions in the environment as explained in many
studies (Cuif, Dauphin, & Sorauf, 2011; Holdaway & Clayton, 1982;
Jacka, 1974; Lawrence, 1994; Maliva& Siever, 1988). There are many
studies concerning the development of dissolution and subsequent
silicification (Holdaway & Clayton, 1982; Knauth, 1979; Schmitt &
Boyd, 1981). Maliva and Siever (1988) proposed that the force of
crystallization of silica increases the free energy and solubility of
carbonate material and replacement by silica.

Our Sauvagesia specimens have columnar structures that look
like longitudinal canals in the thick calcitic ol (Figs. 7, 8AeC).
However, a careful study of this structure shows that they are not
canals, but instead a misleading superficial appearance of canals
caused by silicification. It is probable that the internal cement
within the stacked cells created vertically continuous canal-like
structures as a result of silicification. Similar structures can also
be observed in Sauvagesia sharpei (Bayle, 1857) specimens from the
upper Cenomanian of Morocco, which were described as “Ils
montrent une certain variabilit�e morphologique” by Chikhi-
Aouimeur (2010, p. 131, Figs. 122, 1, 2). The same explanation was
also proposed for the diagenetic quartz fabrics of the Lower
Cretaceous requieniids and toucasids from the eastern Pontides,
Turkey by Kırmacı (1995). The internal features of Sauvagesia
specimens have been totally erased as a result of the precipitation
of silica in spaces formed by the volumetric dissolution of the
valves. Only the myocardinal apparatus can be observed in some
small-sized specimens (Fig. 8EeG). Some gastropod sections and
bivalve fragments showing the shell wall have been replaced by
quartz in the silicified matrix of the RVs bc of Sauvagesia sharpei
(Fig. 9G, H). The silicification also affected the internal features of
Caprinula specimens. The original wall of the pallial canals of the il
have been replaced by quartz, and the infilling material of these
canals has been silicified, but with the original texture retained,
revealing pellets, intraclasts, foraminifera, bivalve and gastropod
sections in the pelloidal matrix (Fig. 9AeD, F). The destruction of
the canals by quartz growth is commonly present in the il of Cap-
rinula specimens (Fig. 9AeD). The oxidation, quartz and crystalli-
zation are present in the body filling reddish-deposits (Fig. 9E). XRD
analysis of the reddish-deposits shows that quartz is dominant
(about 98%) according to the intensity of the peaks of 20 in different



Fig. 9. Microphotographs of loose specimens. A, C, E, G e parallel polarized light, B, D, F, H e cross polarized light. AeF e Caprinula cedrorum (Blanckenhorn, 1890), Ishtafina, Ajlun,
Jordan, A e the original wall of the pallial canals of the il has been replaced by quartz. Note the quartz growth destroying the canals and the diffusion of the reddish-deposits in to
the fissure of the il (thin white arrows). The thick white arrow indicate the limit between the bc and the il, No. EESH 2013 V 47. B e the pallial canals, note the intense quartz growth
destroying the canals, No. EESH 2013 V 47. C e the pallial canals, the walls of the canals have been replaced by quartz, the interior of the canals has also been silicified but the pellets
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Fig. 10. XRD pattern of the sample from the reddish-deposits of bc of Caprinula cedrorum (Blanckenhorn, 1890) specimen, No. EESH 2013 V 47 (top right, the dorsal view, scale bar is
10 mm), Ishtafina, Ajlun, Jordan.
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angles (Fig. 10). It is also distributed fairly homogeneously. The
main peak over the 10,000 countun also indicates the intensity of
the development of the silicification conditions.

The studied rudist material is mostly reddish-pink colour, but
pale red or orange specimens are also present and they are
commonly coated with iron-oxide. This gives them with the same
colour appearance, after silicification as described for the reddish-
pink silicified microgastropods from the Lower Triassic of Italy
(Assereto & Rizzini, 1975) and for the reddish silicified trilobite
exoskeleton from the Devonian of Morocco by Klug, Schulz, and De
Baets (2009).

There is some information about silicified rudists in previous
studies (Braun & Hirsch, 1994; Mansour, 2004; Molineux, Scott,
Ketcham, & Maisano, 2007; Philip & Platel, 1995; Sanders, 1998).
These were mainly based on fragments in microfacies data, instead
of the loose specimens as described in this study. A number of
possibilities have been suggested regarding the source of the silica,
such as derivation from a silica-rich solution generated from the
dolomites; dissolution of silica-producing organisms (silicieous
diatoms, radiolarians, sponge spicules); silica released by trans-
formation of montmorillinite to illite or mica; dissolution of sand
and silt quartz grains or feldspar, chert nodules in the limestones,
volcanic ash; silica derived from local hydrothermal activity;
organic acids acting on siliceous diatoms, radiolarians, and sponge
spicules. These mechanisms are explained and discussed in many
studies (Aitken, Colom, Henderson, & Johnston, 2002; Belka, 1998;
Hesse, 1987; Jacka, 1974; Knauth, 1979; Lawrence, 1994; Maliva &
Siever, 1988). The presence of the dolomitic limestones and
cherty limestones may be related to the silicification process of our
(thin white arrow) and bivalve fragments can be seen, No. EESH 2013 V 53. D e the pallial c
growth destroying the canals, No. EESH 2013 V 53. E e reddish body filling deposits show
within the bivalve (thin white arrow), pellets and the intraclasts are present. The wall of the
(Bayle, 1857). G e the silicified bc consists of bivalve fragments, which have been replaced by
and some gastropod sections (white arrow) and bivalve fragments in the matrix. Note the wa
V 15 D. Scales indicate 10 mm.
rudist specimens, after the uplift and during the later erosion of the
Cenomanian deposits, but the source of the silica is yet unclear.

Although, microfacies analysis is not aim of this study, some thin
sections from the rudist-bearing limestones of the Hummar For-
mation display other diagenetic processes such as micritization,
compaction and cementation, which are the subject of another
study.

6. Conclusions

Three specimens of Caprinula d'Orbigny, 1847 and a single spe-
cies of Sauvagesia Choffat, 1886 are described from threemeasured-
stratigraphic sections (Ishtafina, Samta and An Nuaymah) of the
upper Cenomanian limestones of the Hummar Formation around
Ajlun city, NW of Jordan.

The presence of a stratigraphic gap in the study area between
upper Cenomanian Hummar Formation and overlying upper
Turonian Wadi As Sir Limestone Formation, which belong to Ajlun
Group, is suggested for the first time. The karstic structures,
reworked limestones and rudist fragments, sharp contact, and
absence of the Shuayb Formation are the main indicators of an
erosional surface, but its origin remain unclear and needs a detailed
study.

Many canaliculate specimens show characters identical to those
found in Caprinula d'Orbigny such as the invaginated L, a thin
oblique plate separating the pc from bc connected with at, the
decrease in canal size of the pallial canal from the inner part to
outer in the il, the unequal teeth and sockets and the large acces-
sory cavities/canals. Two different canaliculated il are identified in
anals, the pellets and the intraclasts can be seen in the canals. Note the intense quartz
ing the oxidation, quartz and crystallization, No. EESH 2013 V 47. F e the pallial canal
canal has been replaced by quartz. No. EESH 2013 V 53. G and H e Sauvagesia sharpei
quartz. Ishtafina, Ajlun, Jordan, No. EESH 2013 V 3. H e the silicified bc showing quartz
ll of gastropod has been replaced by quartz. An Nuaymah, Ajlun, Jordan, No. EESH 2013
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the many specimens of Caprinula d'Orbigny, 1847. The first is
characterized by the poor canaliculation with 1 or 2 rows of pallial
canals showing the features of Caprinula sharpei (Choffat, 1885) and
the second by more than two rows of pallial canals characterizing
those of Caprinula cedrorum (Blanckenhorn, 1890) and Caprinula cf.
boissyi d'Orbigny, 1840. C. cedrorum is distinguished from C. boissyi
by the pc being smaller than bc, a more oblique ats of the LV and the
reduced size of the ec of the RV.

Many radiolitid specimens are characterized by a polygonal
cellular structure and the presence of an L, both traits which are
found in the genus Sauvagesia Choffat, 1886. The specimens have
the small and triangular L, the cellular structure with large cells of
the ol and the unequal, finely ribbed and slightly protruding Ab and
Pb separated by a concave Ib corresponding to the features of
Sauvagesia sharpei (Bayle, 1857). All RV specimens of this species
show the canal-like longitudinal moulds of the dorsal cavity and
the teeth/socket system along the valve situated between the
aragonitic il and calcitic ol. Some of the LV have the prong-like at
and pt and plate-like am and pm projecting down into inner wall of
the RV, which are for the first time observed in the Cenomanian
Sauvagesias and may leading to an emendation of the genus.

Two type of diagenetic processes, dissolution and silicification
affect the calcitic ol, the aragonitic il, the myocardinal apparatus,
the accessory cavities/canals, the pc and the bc of described
canaliculate and radiolitid rudists. There are indications that silic-
ification caused the misleading superficial longitudinal canal-like
structures observed in the ol of Sauvagesia specimens.
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