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Abstract

In the northwestern part of the Arabian Platform, the Adryaman district (SE Turkey) displays some Lower-Middle Cenomanian
deep-marine sediments of the Derdere Formation. These sediments are yielding abundant echinodermal remains, among which
some thecal and brachial plates are assignable to roveacrinids. Routine microfacies analysis of the Lower-Middle Cenomanian
part of the Derdere Formation revealed unexpected early Cenomanian assemblages of roveacrinoidal ossicles, comparable with
those formerly reported further south in the Cenomanian-Turonian of the Arabian Platform. For the first time, genuine and
undisputable Roveacrinidae are illustrated for SE Turkey. Seven borehole sections were scrutinized in search of microcrinoidal
sections, most especially within carbonate microfacies. Within the scope of better constraining the position of the Lower-Middle
Cenomanian, we had been compiling the successive occurrence of respective identified roveacrinid remains. These roveacrinidal
assemblages are consisting in: Roveacrinus communis DOUGLAS (1908) (= R. derdereensis Farinacci & Manni); Roveacrinus cf.
alatus DoOUGLAS (1908); Roveacrinus spinosus PECK (1943); Roveacrinus sp.; Roveacrinidae indet.; Applinocrinus sp.; and
Saccocomidae indet. These specimens provide significant clues to constrain the palacogeographic reconstruction of Tethyan
seaways, and represent potential fossil index candidates for the Lower Cenomanian stratigraphy of the Adiyaman district.
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Introduction Ocean. On the SE Turkish territory, Cretaceous exposures

are well-known and have been mapped repeatedly over the
Cretaceous deposits are widely distributed over the Arabian  past 50 years, particularly those of the Adiyaman district and
Platform along the southern margin of the former Tethys surrounding areas. Only a few recent studies addressed the
Lower-Middle Cretaceous lithostratigraphy, petrography, and
sedimentological evolution of SE Turkey (Celikdemir et al.
1991; Mulayim et al. 2016).

5 Oguz Mulayim In order to refine the stratigraphical framework of the
omulayim@tp.gov.tr Lower-Middle Cenomanian in this area, the microfacies anal-
ysis of the Derdere limestones evidenced the fluctuating but

Ismail Omer Yilmaz steady occurrence of echinodermal ossicles. Such crinoidal
ioyilmaz@metu.edu.tr (“saccocomid-like”) microfacies were reported in internal un-
Bruno Ferré published reports by TPAO. Recent crinoidal microfacies
bruno_ferre@yahoo.fr were first published in SE Turkey in the Cenomanian

Derdere Formation (Farinacci and Manni 2003).

Here, we focus our attention on the crinoid assemblages
of this carbonate succession, with special attention to the
most widespread but also most underestimated crinoid
group, the Roveacrinida. We intend to demonstrate their
potential for stratigraphic purposes, as examplified by their
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widespread occurrence in the Cretaceous succession of the
Derdere Formation, and compare them to coeval faunas of
adjacent areas.

Geologic setting and stratigraphic frame

SE Turkey is at the leading edge of a continent/continent
collision where the Arabian Plate is converging on
Eurasia at a pace of 18 +2 mm/year in a roughly north-
northwesternward direction (McClusky et al. 2000). This
collision is manifest in the convergent plate boundaries
that are currently proximal to SE Turkey (Fig. 1). Events
on these boundaries have largely controlled the Paleozoic,
and particularly Late Cretaceous-Late Miocene, tectonics
of SE Turkey.

The mid-Cretaceous Mardin Group carbonate platform of
SE Turkey developed on the passive, northern edge of the
Arabian Plate prior to the southward thrusting and subsequent
folding during Late Cretaceous (Cater and Gillcrist 1994)
(Fig. 1). The Lower Mesozoic basement is made of carbonates
assigned to the Aptian-Campanian Mardin Group, some
700 m thick (Celikdemir et al. 1991). These carbonates were
deposited on the southern passive margin of the Neo-Tethys
and are subdivided into four formations (Tuna 1973). At its
base is the Aptian-Albian Areban Formation, composed of
limestones, dolomites, and interbedded shales and sandstones,
all deposited in a restricted lagoonal to tidal-flat setting. This

grades conformably up into the tidal-flat to subtidal carbon-
ates of the Sabunsuyu Formation (Fig. 2). Conformably the
organic-rich limestones at the base of the overlying Derdere
Formation were deposited under relatively deeper marine, an-
oxic conditions, and are passing upward into a shallowing-
upward sequence consisting of lagoonal to tidal-flat carbon-
ates. Fossil-bearing and organic-rich carbonates of the uncon-
formably overlying Karababa Formation were deposited un-
der shallow marine and lagoonal conditions (Wagner and
Pehlivanli 1985; Celikdemir and Dulger 1990; Duran 1991;
Perincek et al. 1991; Celikdemir et al. 1991; Mulayim et al.
2016).

According to Handfield et al. (1959) and Bryant (1960), the
Derdere Formation in its type locality is transitional and lies
conformably on the Sabunsuyu Formation and unconform-
ably below the Karababa Formation (Kellogg 1960, 1961)
(Fig. 2). From its type locality of the Korudag section, the
Derdere Formation (73 m thick: Handfield et al. 1959) is com-
posed of pale gray to brown, hard, medium-thick bedded,
limestone, dolomite, and dolomitic limestones. Similarly, the
lithostratigraphical succession of the Sabunsuyu section is
similar to that in the type section. However, the formation here
is thinner than in the Sabunsuyu area with only 209 m (Cros
et al. 1999). The Derdere Formation has drawn most of the
attention from the foraminiferal workers (Koyluoglu 1981;
Coruh 1981, 1983; Erenler 1989) and the calcarcous
nannofossil researchers of SE Turkey (Ertug 1991).
Preliminary biostratigraphic data (ongoing study) mostly
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Fig. 1 Geographical map of SE Turkey and location of studied borehole sections
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Fig. 2 Lithological and stratigraphical column of the Derdere Formation

based on benthonic foraminifers supported a Cenomanian age
for the study area.

Lithostratigraphy and microfacies
of the Lower-Middle Derdere Formation

Lower limestone unit

This unit consists of a thin-medium bedded, dark brown-beige,
organic matter-rich, about 10—40-m thick limestone. This lower
part of the Derdere Formation is particularly rich in calcispheres
[e.g., Stomiosphaera sphaerica (KAUFMANN), Calcisphaerula
innominata BONET (Fig. 3a), Pithonella ovalis (KAUFMANN)
(Fig. 3b), Pithonella sphaerica (KAUFMANN); for original de-
scriptions, see Kaufmann (1865)], planktonic foraminifers
[Heterohelicidae, Hedbergellidae], roveacrinoids
[Applinocrinus sp.], and ostracode fragments. The microfacies
documents a wackestone-packstone texture with pelagic cri-
noids (Roveacrinidae indet.), calcispheres, and planktonic

foraminifers (Fig. 2). The lowermost part of the succession con-
sists of decimetric, bioclastic carbonate beds that mostly contain
echinoderm ossicles (brachial and thecal plates of roveacrinoids,
lateral plates of ophiuroids, and echinoid spines).

Based on petrographic analysis and sedimentologic fea-
tures of the lower limestone of the Derdere Formation, three
microfacies are interpreted to represent mid- to outer-ramp
environments.

Mf-1—calcisphere-planktonic foraminifer packstone

Calcispheres are the dominant skeletal grains in this
microfacies, ranging from 60 to 80% in abundance. First,
Pithonella ovalis and Calcisphaerula innominata are the ma-
jor components. Secondly, the planktonic foraminifers are
generally belonging to Families Heterohelicidae and
Hedbergellidae. Calcispheres generally range in size from
0.05 to 0.15 mm while planktonic foraminifers range from
0.10 to 0.20 mm in size (Fig. 3c, d). Skeletal grains are ran-
domly distributed in packstones. Dolomite occurs as a minor
component (1 to 2%) in some samples. Some skeletal grains,
especially planktonic foraminifers, show some dolomitic re-
placement. Both partial and complete replacements are ob-
served. Matrix mainly consists in dark-brown micrite.

Mf-2—calcisphere-roveacrinid wackestone-packstone

The main constituents of this microfacies are calcispheres,
roveacrinids, as well as planktonic foraminifers.
Roveacrinids range from 5 to 30% in abundance. Planktonic
foraminifers are 0.10 to 0.15 mm in size, and poorly preserved
(Fig. 3e, f). Chambers of some planktonic foraminifers are
completely filled in with dolomite at places. Dolomite occurs
as thombic crystals or patches which replace the chambers
partially or completely. Chambers are generally
neomorphosed and are filled in with sparite. Skeletal grains
are evenly distributed in a micritic matrix of wackestone tex-
tures. Other subordinate grains are pelagic crinoid bioclasts.
The matrix is generally composed of earthy to dark-brown
micrite. The abundance of calcispheres along with
roveacrinids, fine bioclasts, and mud-supported fabric all in-
dicate a low-energy and deep-water environment.

Mf-3—Dbioclastic roveacrinoidal wackestone

This microfacies contains various bioclasts including
roveacrinids, bivalves, as well as planktonic and some ben-
thonic foraminifers and fine peloids (Fig. 3g, h). It displays no
trace of organic matter. The presence of a micrite matrix evi-
dences a low-energy environment. Disarticulation of bioclasts
is due to bioturbation or storm activity. The combination of
abundant and fragmented marine fauna, a micritic matrix, and
texture suggests that the bioclastic wackestone facies was
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Fig. 3 Microfacies photographs
of the lower unit of the Derdere
Formation. a Pithonella ovalis
(KAUFMANN); b Calcisphaerula
innominata (KAUFMANN); ¢, d
MF1—calcisphere-planktonic
foraminifer packstone, samples
Bk-1.4.1 and K-1.1700,
respectively; e, f MF2—
calcisphere-roveacrinoid
wackestone-packstone, samples
S-2 2202 5x and S-2-2202.3,
respectively; g, h MF3—
bioclastic roveacrinoidal

wackestone, calcareous benthonic

foraminifers (Lenticulina sp.)
with bioclasts in sample S-2-
2274.2, and a transverse section
of an echinoid spine in sample
S-2-2274, respectively

deposited in an open marine environment, probably below

wave base.

Middle dolomite-dolomitic limestone unit

The middle unit, about 50-80-m thick, consists of dolomite
and dolomitic limestone (Fig. 2), in medium-thick beds. It

@ Springer

displays a bioclastic dolo-wackestone facies, characterized
by bivalve fragments and benthonic foraminifers as the sole
skeletal constituents within fine crystalline dolomite.
Dolomite is characterized either by medium crystalline (20—
100 um), planar-e to planar-s type, or by fine crystalline mo-
saic especially when associated with bioclasts from a quiet
environment. Dolomitization selectively affects matrix, or
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both matrix and grains simultaneously. Dolo-wackestone usu-
ally occurs in discrete beds within dolo-mudstone, although in
a few places they grade into one another. The dolo-
wackestone represents mud-supported fabrics from outer and
middle ramp.

Identification of ossicles and recognition
of section plane

The roveacrinoidal contribution to the Cretaceous limestones
was reported in details by Ferré and Berthou (1993, 1994).
The roveacrinoidal sections were only a few mentioned in the
previous literature, most of the time gross identified as
“Saccocoma limestones” [by comparison to seminal works
on Jurassic rocks of Lombard (1937, 1945), and Verniory
(1954, 1955, 1956, 1960, 1961, 1962)] or simply turned down
by petroleum industry owing to the ignorance of their true
nature and potentials. From this rather limited number of pa-
pers, it appears that the crinoidal component of carbonate
rocks consists mostly of blooming populations of opportunis-
tic roveacrinids; their mass occurrence and post-mortem accu-
mulation are largely responsible for these very special
microfacies scattering the Cretaceous carbonate series world-
wide (e.g., Scott et al. 1977). The first formal evidence of
roveacrinoid contribution to the Cretaceous carbonate factory
in Turkey were brought by Cros et al. (1991) and Ferr¢ et al.
(1997). However, the first sections of genuine roveacrinidal
affinity in SE Turkey were first illustrated by Farinacci and
Manni (2003) with the erection of a new species: Roveacrinus
derdereense FARINACCI & MaNNL now and here regarded
as a junior synonym of R. communis DOUGLAS. Purported at
first for roveacrinids (Ferré and Berthou 1993, 1994), the sec-
tion orientation scheme was extended to saccocomids by Ferré
and Dias-Brito (1999)—for extended typological comparison
to Jurassic saccocomid sections, see Benzaggagh et al. (2018,
for details and literature within). Meanwhile, Ferré and
Granier (1997a, b, 2001) defined in length the orientation
and taxonomic use of roveacrinid sections. Following that,
the systematic assignment of Cretaceous roveacrinidal sec-
tions has been fully argumented for both the roveacrinids
and the saccocomids (Ferré 1997; Ferré et al. 1999). We adopt
this scheme in the following (Fig. 4).

Since these minute discarded or accumulated roveacrinid
remains are not easily spotted in the field and require to be
studied under a petrographic microscope and/or scanning
electron microscopy (SEM), they are usually mentioned as
microcrinoids or often misinterpreted as planktonic crinoids
(instead of pelagic). The thecal size does not exceed a few
millimeters; a complete specimen is about 5 cm wide.
Roveacrinids are small articulate crinoids with five dichoto-
mous arms, each displaying many brachial plates (up to three
dozen in complete specimens). Their minute theca is devoid of

any stem or anchoring device, and is built of two sets of plates,
basal and dorsal, sometimes showing a prominent
centrodorsal bulge. When exceptionally preserved, it displays
an inner plate ring defining a double body cavity (Schneider
1987, 1989). Each roveacrinid species displays a distinctive
architecture and bears a wide array of ornamental elements,
such as a spine-like aboral element, simple bowls with or
without processes, flanged or winged brachials, lateral pro-
cesses, and flanges or spines (e.g., Schneider 1987, 1989;
Jagt 1999; Hess 2015; Gale 2016).

Systematic paleontology

The supra-generic systematics follow the scheme proposed by
Hess and Messing (2011), amended by Wright et al. (2017).
All figured specimens and associated thin sections are housed
in the collection of the Turkish Petroleum Corporation
(TPAO)/Research Center (ARGEM), Ankara, under the ab-
breviation TPA.01 and catalogue numbers from TPA.01-
BO01/09; TPA.01-BA01/03; TPA.01-BZ01; TPA.01-SVO01/
09; TPA.01-DKO01/05; TPA.01-GNO01/02; and TPA.01-
KMO1, respectively.

In the following, the term “cf.” refers to specimens, mor-
phological features of which are comparable but not sufficient
to clearly state a specific assignment.

Class Crinoidea MILLER, 1821

Subclass Articulata VON ZITTEL, 1879

Order Roveacrinida SIEVERTS-DORECK, 1952

Family Roveacrinidae PECK, 1943

Genus Roveacrinus DOUGLAS, 1908

Roveacrinus communis DOUGLAS, 1908

(= Roveacrinus derdereensis MANNI, in FARINACCI &
MANNI, 2003)

Plate 1, panels a, b

Material: Thin sections Rep. no. TPA.01-BA02 and
TPA.01-SVO08 (core samples B-1 1484.1 and S-2-2204.1,
respectively).

Description: Plate 1, panel a depicts an oblique (transverse)
section of a dorsal bowl (“complete theca” near its base, in the
right part of the picture) along with some oblique sections of
indeterminable brachial plates. This thecal section displays a
sub-pentagonal rounded bowl flanked by five rather thick,
lamellar radial expansions. The lack of reticulated pattern on
these “alar” expansions excludes its identification as
R. geinitzi SCHNEIDER, while their relatively thickness pre-
cludes their assignment to R. alatus DOUGLAS.

Plate 1, panel b depicts various sections (transverse, trans-
verse-longitudinal, and longitudinal-tangential) of isolated ra-
dial plates. The transverse section documents a rather angular
outline of the radial edge characteristic of R. communis
DouaLas, devoid of any secondary ornamentation or wing-
like radial expansion.

@ Springer
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Fig. 4 Morphological A
reconstitution of a complete

roveacrinid individual with
orientation of possible section
planes (from Ferré and Berthou
1993, 1994; Ferré and Granier
1997a, b, 2001)
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Given the outwards oblique orientation of radial articular
facets, the highly conical, slender thecal silhouette, and the
slightly ribbed longitudinal-radial ornamentation displayed
by R. derdereensis MANNI, this taxon should be considered
as a junior synonym of R. communis DOUGLAS.

Occurrence: This taxon ranges from the Albian deposits of
US Gulf Coast and Mexico (Peck 1943), through the Late
Cretaceous chalks of Boreal Europe (Douglas 1908; Peck
1955; Rasmussen 1961), to the Paleogene of Poland
(Salamon et al. 2010). In the Arabian Platform, it is recorded
from Sabunsuyu Ravine in NE Turkey (Cros etal. 1991, 1999;
Ferré et al. 1997), the Palmyrides in Syria, the coastal plains of
Lebanon, and in the Cenomanian-Turonian deposits of Iran
(Ferré, ongoing study).

Roveacrinus cf. alatus DOUGLAS, 1908

Plate 1, panels c, e

Material: Thin sections Rep. no. TPA.01-BO09; TPA.0O1-
SVO01 and TPA.01-DKO3 (core samples Bz-1-4-8; S-2-
2202.3; and D-1-2552.2, respectively).

Description: Plate 1, panel ¢ documents an oblique section of
a lamellar radial expansion, typical of R. alatus. However, there
is no radial structure to be affirmative for its specific assignment.

Plate 1, panel d shows a transverse section of an
isolated, gracile radial plate and some transverse sec-
tions of indeterminable brachial plates displaying the
typical wing-like radial expansion.

@ Springer

Plate 1, panel e illustrates an accumulation of
roveacrinoidal brachial plates. Among these, some are show-
ing the characteristic wing-like radial expansion.

This taxon with its special alar morphology is often found
widespread in the Lower Cenomanian-Upper Turonian, in as-
sociation with R. communis, over the central Tethys (Ferré
et al. 1997, 2018) and the Boreal realm (Douglas 1908; Peck
1955; Rasmussen 1961).

Occurrence: This taxon with its special alar morphology is
often found widespread in the Lower Cenomanian-Upper
Turonian, in association with R. communis, over the central
Tethys (Ferré et al. 1997, 2018) and the Boreal realm (Douglas
1908; Peck 1955; Rasmussen 1961).

Roveacrinus spinosus PECK, 1943

Plate 2, panels a, b

Material: Thin sections Rep. no. TPA.01-SV09 and
TPA.01-SV02 (core samples S-2-2202.4 and S-2-2202.5).

Description: Plate 2, panel a documents a “bifid”
longitudinal-tangential section of a first primibrachial plate.
This very special ornamentation is consistent with a spinose
outward-directed ornamentation of proximal brachial plates
below the articular facet, accompanied by oblique sections
of indeterminable brachial plates also bearing “radial”
ornament.

Plate 2, panel b documents a longitudinal-tangential
section of a proximal brachial plate showing a spinose
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Plate 1 Microfacies (thin section) photographs of roveacrinid ossicles,
Lower-Middle Cenomanian, Adiyaman area, SE Turkey. a Roveacrinus
communis DOUGLAS (= R. derdereensis MANNI, in FARINACCI & MANNI),
Obl/sub-TS-Rad and ObIS-NBrn, core sample B-1 1484.1; b
Roveacrinus communis DOUGLAS, TS-Rad, Tg/LgS-Rad, and Lg/TgS-
Rad, core sample S-2-2204.1; ¢ Roveacrinus cf. alatus, OblS-Rad, core

sample Bz-1-4-8; d Roveacrinus cf. alatus, (TS-Rad) and Roveacrinidae
indet. (TS-NBrn), core sample S-2-2202.3; e accumulation of
roveacrinoidal brachial plates (Roveacrinus cf. alatus), core sample
D-1-2552.2; f Roveacrinus sp., TS-Rad and Obl/TS-IBr2, core sample
Bz-1-4-7.1; g Roveacrinus sp., TS-Theca and OblS-I/IIBm, core sample
Bz-1-4-9.1; h Roveacrinus sp., OblS-Theca, core sample Bz-1-4-10.1

@ Springer
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Plate 2 Microfacies (thin
section) photographs of
roveacrinid ossicles, Lower-
Middle Cenomanian, Adiyaman
area, SE Turkey. a Roveacrinus
spinosus PECK, Lg/TgS-IBrl and
ObIS-NBm, core sample S-2-
2202.4; b Roveacrinus spinosus
PECK bearing typical spinose or-
namentation (Lg/TgS-NBrn), and
Roveacrinidae indet. (TgS-IBrl),
core sample S-2-2202.5; ¢
Applinocrinus sp. (Lg/TS-Rad)
and Saccocomidae indet. (TgS-
IBr2; ObIS-NBrn), core sample
Bz-1-4-7.3 (ex Bz-1-4.7); d
Saccocomidae indet., indetermin-
able plates, core sample Bz-1-4-7;
e Saccocomidae indet., Obl/TS-
N/1IBm/Rad, core sample B-1_
1508.1; f Roveacrinidae indet.,
TgS-IBr2, core sample Bz-1-4-
7.2; g Roveacrinidae indet., TgS-
IBrl and TgS-IBr2, core sample
Bz-1-4-9.2 (ex Bz-1-4.9.10x); h
Roveacrinidae indet., brachial
plates, core sample Bz-1-4-10

ornamentation. This feature is not consistent with a pe-
culiar section orientation of the alar morphology of
R. alatus but is in accordance with that characterizing
R. spinosus from the Cenomanian of Texas.

Occurrence: This taxon is reported in the Albian Main
Street and Cenomanian Grayson Formations of Texas, USA
(Peck 1943; Rasmussen 1961; Hess 2015).

@ Springer

Roveacrinus sp.

Plate 1, panels f~h

Material: Thin section Rep. no. TPA.01-BO06; TPA.O1-
BOO07; and TPA.01-BO08 (core samples Bz-1-4-7.1; Bz-1-
4-9.1, and Bz-1-4-10.1).

Description: Plate 1, panel f displays a transverse section of
an isolated radial showing the characteristic alar morphology,
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Plate 3 Microfacies (thin
section) photographs of
roveacrinid ossicles, Lower-
Middle Cenomanian, Adiyaman
area, SE Turkey. a Roveacrinidae
indet., TS-NBm and TgS-IBrl,
core sample B-1 1484.1; b
Roveacrinidae indet., TS-NBrn,
core sample D-1-2488.1; ¢
Roveacrinidae indet., accumula-
tion of broken brachial plates
(NBrm), core sample D-1-2488.2;
d Roveacrinidae indet., TS-Theca
and Lg/TgS-NBrm, core sample
G-1-2980; e Roveacrinidae indet.,
ODbIS-IBr2, core sample G-1-
2992; f Roveacrinidae indet.,
TgS-IBrl, ObIS-NBrm and TgS-
IBr2, core sample S-2 2202 5x;
g Roveacrinidae indet. (sturdy
morphology), OblS-NBrn, core
sample S-2_2206; h
Roveacrinidae indet. (sturdy
morphology), ObIS-NBrn, core
sample S-2_2206_5x

and an oblique-transverse section of a second primibrachial
plate with an angular radial edge.

Plate 1, panel g illustrates an oblique section of primi- or
secundi-brachial plate showing the characteristic alar mor-
phology, associated with minute fragments of thin thecal wall

(transverse sections).

Plate 1, panel h depicts an oblique section of a half theca
showing an alar radial expansion.

Occurrence: In the present state of knowledge, R. alatus
displays the same stratigraphical and geographical range than
R. communis. However, this taxon dominates the
roveacrinoidal assemblages in mud-supported sediments

@ Springer



545 Page 10 of 14

Arab J Geosci (2018) 11: 545

Plate 4 Microfacies (thin
section) photographs of
roveacrinid ossicles, Lower-
Middle Cenomanian, Adiyaman
area, SE Turkey. a Roveacrinidae
indet. (sturdy morphology),
ObIS-NBm, core sample S-2
2206_10x; b Roveacrinidae
indet., TS-NBrn, core sample S-2-
2202.1; ¢ Indeterminable
roveacrinoidal sections, core
sample S-2-2274.1; d
Roveacrinidae indet., IBr2 and
NBrn, core sample B-1 1484.2; e
Roveacrinidae indet., accumula-
tion of brachial plates (OblS-
NBrn), core sample Bk-1-1962.4;
f Roveacrinidae indet., accumu-
lation of brachial plates NBrn,
core sample D-1-2552; g
Roveacrinidae indet., TS-NBrn
and TgS-IBr2, core sample D-1-
2492; h Roveacrinidae indet.,
TgS-IBr2, core sample K-1-1630

while R. communis dominates coarser-grained deposits.
Genus Roveacrinus ranges from the Early Hauterivian of
Spain (Ferré¢ and Granier 1997a, b, 2000) to the Paleogene
of Poland (Gorzelak et al. 2011).

Roveacrinidae indet.

Plate 1, panels d, e; Plate 2, panels b, f-h; Plate 3, panels a—

h; Plate 4, panels a—h

@ Springer

Material: Thin sections Rep. no TPA.01-SV01/8; TPA.01-
DKO01/5; TPA.01-BO04/6; TPA.01-BA03; TPA.01-GKO01/2;
TPA.01-BZ01; and TPA.01-KMO1 (core samples S-2-
2202.3; D-1-2552.2; S-2-2202.5; Bz-1-4-7.2; Bz-1-4-9.2 (ex
Bz-1-4.9.10x); Bz-1-4-10; B-1_1484.1; D-1-2488; D-1-
2488.2; G-1-2980; G-1-2992; S-2 2202 5x; S-2 2206;
S-2 2206 5x; S-2 2206 10x; S-2-2202.1; S-2-2274.1;
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Fig. 5 Geographic distribution of roveacrinoid facies over SE Turkey

B-1_1484.2; Bk-1-1962.4; D-1-2552; D-1-2492; and K-1-
1630, respectively).

Description: All the illustrations mentioned above generally
concern the many oblique sections of indeterminable brachial
plates. For they do not usually bear significant features to reach
a precise diagnosis (at a generic and/or specific level), they are
left in open nomenclature until further additional data towards
generic identification. However, they are clearly distinguish-
able from brachial plate sections of Saccocomidae for they do
not display the flat, thin-shelled, wing-like “Saccocoma
microfacies” but are rather sturdy and “ornamented.”

Occurrence: In the present state of knowledge, this family
is reported from the lower Hauterivian (Ferré and Granier
2000) to the upper Maastrichtian (Jagt 1999; Gale 2016,
2017), with isolated occurrences in the Neogene of Poland
(Salamon et al. 2010; Gorzelak et al. 2011). They are best-
known from the mid-Cretaceous deposits (Albian-
Cenomanian-Turonian) that have focused much of
stratigraphers’ attention in search for paleobiological traces
of anoxic events.

Family Saccocomidae ORBIGNY, 1852

Genus Applinocrinus PECK, 1973

(= Microcalamoides BONET, 1956)

Applinocrinus sp.

Plate 2, panel ¢

Material: Thin section Rep. no. TPA.01-BOO0O1 and
TPA.01-BOO02 (core sample Bz-1-4-7.3 (ex Bz-1-4.7)).

Description: This taxon is represented by a unique longitu-
dinal transverse section of a thecal plate (Lg/TS-Rad), show-
ing a faintly corrugated wall comparable to the so-called
Microcalamoides (as junior synonym, and facial look-alike,
see Ferré et al. 1999, 2018).

Occurrence: This isolated section clearly evidences post-
mortem breakage and/or short transportation.

Saccocomidae indet.

Plate 2, panels c—e

Material: Thin sections Rep. no. TPA.01-BO01; TPA.O1-
BOO02 and TPA.01-BAO1 (core samples Bz-1-4-7.3 (ex Bz-1-
4.7); Bz-1-4-7; and B-1_1508.1, respectively).

Description: Along with an isolated thecal plate section, Plate
2, panel c yields tangential sections of second primibrachial
(TgS-IBrl) and indeterminable brachial plates (OblS-NBrn).
Plate 2, panel d illustrates some tangential sections of indetermin-
able plates (those sections most likely recall radial ridges born by
second primibrachial plates), while Plate 2, panel e shows arach-
noid sections typical of outer ornamentation distal brachial plates
(Obl/TS-N/IIBm/Rad), but without any significant specific fea-
ture. Given the restricted taxonomical information born by these
brachial plates, and the absence of definite microstructures on
these sections, we decided to leave these saccocomid sections
in open taxonomy til further additional knowledge.

Occurrence: Saccocomids are usually found in shallow,
mud-supported bottom environment under low hydrodynamics
and document more restricted and shallowing/shallower

@ Springer
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environmental conditions. Their radial plates sections are sel-
dom found connected while their “winged” brachial plates (so-
called Saccocoma- or Lombardia-facies) are found isolated and
embedded in deeper hemipelagic mudstone carbonates.

Stratigraphic meaning and potential

The roveacrinoidal assemblages of SE Turkey display no direct
stratigraphic inference of index species. Nevertheless, these as-
semblages are rather diversified and comparable with the other
Lower Cenomanian assemblages found in adjacent countries.
But we must stress out that these are less diversifed than the
coeval assemblages from the US Gulf Coast (Peck 1943, 1948;
Hess 2015; Gale 2017), and mainly consist in weakly
ornamented species. Despite this lack of specific stratigraphic
value, their recurring occurences can be used to define abun-
dance levels (environmental and/or eustatic meaning) correlat-
able between boreholes on a intra-basinal scale, or at a wider
scale (Arabian Platform, E-W Tethysian-wide correlations,
etc.). Further works will have to focus on a detailed compiling
of such abundance levels both in cores and field sections, within
the scope of framing a comprehensive list of successive bio-
stratigraphic events, among which roveacrinid abundance
levels would have a lead part, as they are having nowadays in
northern Africa (Benyoucef et al. 2017; Ferré et al. 2017).

Palaeo-environmental proxies
and correlation to adjacent areas

All the study boreholes are scattered over SE Turkey; therefore,
we can assume that the roveacrinoidal material, found as crum-
bled and disarticulated pieces within mudstone facies, provides
fair and reliable insights about the roveacrinoidal population dur-
ing the Early Cenomanian: the roveacrinoid skeletons were not
transported far away, even stirred by weak bottom currents, and
locally dismantled, and scattered within mud-supported sedi-
ments. Roveacrinids, as well as saccocomids, were hemipelagic
to pelagic organisms, with possible escape response to escape
predators. Subsequently to their early planktonic larval stage
inducing a wide dispersal of any echinoderm brood, these
roveacrinoidal relics can be regarded as potential biostratigraphic
index species, and environmental proxies as well. Since they are
usually found associated with calcisphere blooms, and their own
abundance occurrences are positively correlated with those of
first-level, surface carbonate producers (blooms of calcarcous
dinocysts, calcispheres, and heterohelicidids; Ferré 1997), they
have been regarded as opportunistic organisms. The Upper
Cretaceous rocks of SE Turkey show unexpectedly the dual
presence of roveacrinids and saccocomids. Since roveacrinids
have been found so far over the Arabian Platform more frequent-
ly in carbonate-grained, open-ramp marine environments (Fig.
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4), their co-occurrence advocates for a mixed environment or, at
least, supports that saccocomids were swept secondarily from a
shallower but quieter environment. Furthermore, we may won-
der about their potential role (HMC echinodermal plates as en-
hancing agent) in the dolomitization further south and the
poronecrosis of potential reservoir rocks (Fig. 5).

Conclusions

The finding of roveacrinoid ossicles in the Cenomanian de-
posits of the Adiyaman area more vividly supports their ex-
tensive presence and stratigraphic potential. The roveacrinoid
assemblages of southeastern Turkey are very similar to those
previously described from the NE Syria area (Ferré etal. 1997,
ongoing study) but show noticeable discrete differences,
among which the faint presence of saccocomids, and the high
morphological diversity of roveacrinids.

Successive microfacies analyses of the Derdere Formation of
the Adiyaman area in southeastern Turkey documented so far six
roveacrinid taxa: Roveacrinus communis DOUGLAS, 1908 (=
R. derdereensis MANNI, in FARINACCI & MANNI);
Roveacrinus cf. alatus DOUGLAS, 1908; Roveacrinus spinosus
PECK, 1943; Roveacrinidae indet.; Applinocrinus sp.; and
Saccocomidae indet.; as well as many unidentifiable roveacrinoid
remains.

Despite scarce or lacking data, some general trends regard-
ing the quantitative distribution of roveacrinoid microfacies can
be outlined. Because biogeographic distribution is controlled
by many interconnected factors, a direct positive correlation
appears probable between roveacrinoid population booms and
calcisphere blooms. This positive link can easily be explained
as a predator-prey relationship within the marine food chain:
the passive suspensivorous filter-feeding roveacrinids feeding
on the “snow” of calcisphere-secreting algae sinking onto the
sea floor (Masters and Scott 1978, 1979).

Furthermore, within the framework of petroleum exploration
(field observations or core analysis), some simple occurrence or
accumulation levels can be used as baseline marker beds for
local datation, inner-field or even inter-regional correlation de-
pending on the relative abundance of roveacrinid remains.

As a result of their early planktonic life cycle, roveacrinids
are found widespread in Tethysian oceanic settings and are
thought to have dwelled from the outer-ramp to the upper-
slope environments. Consequently, such abundance and/or
accumulation levels are suitable for worldwide correlation,
all correlatable with eustatic changes.
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