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Larger Foraminifera from Aintab, Turkish Syria.

By F. R. S. Ilenson, Kirkuk (Traq).

With 5 plates (II—VI) and 5 text figures.

Introduction.

Certain foraminiferal limestones (3; p. 156, § 3)1) found at Aintab
have been the subject of discussion in the literature of the area and
various opinions have been expressed as to their ages. Prof.
M. Blanckenhorn attributed them first to the Lower Eocene (1;
pp. 339—342) and later to the Upper Eocene (3; pp. 156—157).
L. R. Cox suggested that Miocene rocks might be present (6; p. 43).
Subsequently both Blanckenhorn (2; pp. 20, 21) and Cox (7;
pp. 338—341) noted resemblances between a molluscan fauna from
Aintab and that of the Upper Oligocene at Ramleh in Palestine.
Cox concludes: " It is thus quite possible that the Oligocene is

developed at Aintab itself and to the South of the town " (7; p. 341).
This opinion was supported later by Cox and H. D. Thomas (8;
p. 431) after examination of specimens from Aintab. L. Dubertret
in his 'Carte Géologique de la Syrie et du Liban' 1933, shows " Miocène

présumé " at Aintab.
It is clear from Blanckenhorn's descriptions (3; pp. 154—158)

that rocks of several ages outcrop in this district and that further
field survey is required to determine their relationships and exact
localities.

The present paper makes no contribution in this respect but
records observations on larger foraminifera contained in Blanckenhorn's

original collections from Aintab which were lent to the writer
by the authorities of the Hebrew* University, Jerusalem. The results
of the investigation are given in Plate II 2).

1) Numerals in Clarendon type in bibliographical references apply to the
list of works at the end.

2) Registration numbers (Reg. No.) refer to specimens in the collections
at the Hebrew University, Jerusalem.
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It is shown that the foraminiferal limestones referred to above
(Plate II, Nos. 27, 28, 39, 40, 514) are from three different sources,
Upper Eocene to Miocene in age. Among them are specimens of a

Spiroclypeus Limestone which is considered to be Lower Miocene
on the evidence of larger foraminifera which are described in detail.

The remaining samples in the collection are inadequate for
complete study of microfaunas but they are discussed briefly to
confirm the existence of Lutetian and Oligocene outcrops in the
vicinity of Aintab (3; pp. 154—158, etc.); it is also suggested that
Vindobonian rocks may occur.

Notes on Specimens Described in Plate II.

Lutetian. Nos. 46 and 47.

Owing to silicification of the rock, complete determination of
species is not possible but the general character of the fauna is
comparable with that of the widespread Lutetian Limestone of surrounding

areas.

Upper Eocene. No. 27(b).

Sample No. 27 contains two types of material, (a) Freshly
broken fragments of Lower Miocene Spiroclypeus Limestone (see
below); (b) Worn and soil-stained casts of macrofossils which are
evidently derived fragments; since the matrix in each consists of
the same limestone of Upper Eocene age with Nummulites
variolarius, it is assumed that outcrops of the rock occur in the vicinity
of Aintab.

Oligocene? No. 44.

Oligocene Nummulites are numerous and well preserved in this
sample but the detrital character of the rock calls for caution in
deducing its age without examination of a larger quantity of material
than that available to the author. Even if the Nummulites are
derived, their abundance and good preservation point to the presence
of Oligocene outcrops near Aintab.

Miocene, Lower Miocene, Spiroclypeus Limestone. Nos. 27(a), 28.

Both samples are of identical type and contain abundant fairly
well preserved foraminifera which were examined in detail.

A count of 300 recognisable foraminifera in 8 rock sections gave
the following frequencies:—

Spiroclypeus 30% Helerostegina 20%
Rotalia viennoti 20% Amphistegina 15%
Miogypsina 10% Operculina 2%
Textularia 2% Cycloclypeus 1%
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The stratigraphical distribution of the species listed in Plate II
is not sufficiently well known to serve as a definite index of age.
Existing records of the generic ranges only limit the beds between
Upper Eocene and Miocene, the former being most unlikely.

An abundance of Spiroclypeus and Miogypsina is most characteristic

of Miocene rocks while the absence of Nummulites and Lepidocyclina

may perhaps be noted as evidence against an earlier date
in a region where Oligocene limestones of similar facies usually
abound in species of these genera. Nevertheless the assemblage has
at least five species in common with that of the Upper Oligocene
in Palestine (13), suggesting that the difference between their ages
is not very great.

For these reasons it is considered that the Aintab Spiroclypeus
Limestone may be referred to the Lower Miocene.

Vindobonian? No. 495(a).

No foraminifera of general stratigraphical value were found in
this specimen, but, according to the author's present experience,
the association of abundant Amphistegina lessonii with Elphidium
crispum is exclusively characteristic of Vindobonian or later rocks
in adjoining regions of 'Iraq, Syria and Palestine. It is possible
that the limestone belongs to the transgressive Vindobonian formation
which is well developed further South, and that the conglomeratic
limestone No. 495(b) containing derived Nummulites and
orbitoids, is its basal member.

Unidentified. Nos. 39, 40, 514.

According to Dr. L. Picard3), Nos. 29 and 40 are of the material
in which Cox and H. D. Thomas observed several specimens of
Lepidocyclina (8; p. 431).

The present writer found no orbitoids but the samples contain
probable small Nummulites and involute Operculina sp. which recall
similar forms in the Upper Oligocene of Ramleh, Palestine (7; p. 352;
13). A single fragment of Spiroclypeus was found in No. 514, but
the rock is quite different from that of samples 27(a) and 28.
No. 58.—This silicified limestone yielded no fossils of determinative
value.

The writer is indebted to The 'Iraq Petroleum Company, Limited,
for permission to publish this paper; to the authorities of the Hebrew
University, Jerusalem, for the loan of all the samples described; to
Dr. L. Picard, Prof. Max Blanckenhorn and Mr. L. R. Cox for
helpful correspondence on the subject in question, and to Dr. W. A.
Macfadyen for valuable criticisms of the manuscript.

3) Personal communication.
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Prof. Blankenhorn's collection has been returned to the Hebrew
University, Jerusalem, together with the specimens referred to and
illustrated in this paper.

Description of Foraminifera.

Genus Operculina d'Orbigny, 1826.

Operculina eomplanata (Defrance).
1826. Operculina complanala Defrince; 15, p. 281, figs. 7—10. Model No. 80.
1907. 0. eomplanata, Defrance; 17, p. 29, et syn.
1933. 0. eomplanata Defrance; II, p. 121, pl. viii, fig. 3b.

Description.—See Plate III, /.
Remarks.—Several specimens of this well known species were
obtained, which agree closely with El. David's fig. 3b (op. cit.)
showing an example from the Miocene of Syria; and with forms
occurring in the Upper Oligocene of Palestine (13).

In a few cases the surface of the test is granulated as in the
var. granulosa Leym. One specimen with relatively straight septa
resembles the var. zilleli Silvestri (17; p. 38, pl. ii, fig. 1 ; 11: p. 122,
pl. viii, fig. 1).

Material.—Samples 27, 28. About ten specimens, mainly
fragments. Reg. No. 2793-XXVII.

Genus Heterostegina d'Orbigny, 1826.

Heterostegina assilinoides Blanckenhorn.
Pl. IV, Figs. 1—5; Text-Figs. 1 and 2 4).

1890. Heterostegina assilinoides Blanckenhorn, I, p. 312, pl. xlii, fig. 5, non
figs. 4 and 6.

Description.—Plate III, II.
Remarks.—A comparison of Blanckenhorn's original figures la
and b with his fig. 5 suggests that two distinct species have been
included under the same name. Figure 5 shows a small form only
3T mm. in maximum diameter for 1—2 whorls, whereas figure 4a
represents an individual five to six times as large for an equivalent
number of coils. The secondary chambers in figure 5 are nearly
square, so far as can be judged from such a small scale drawing,
while figure 4b shows secondary chambers more elongated in form.

4) All text figures are based on camera lucida drawings.
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No holotype is designated but several fragments exposed on
the broken rock faces are ringed. All but one of these resemble
figure 5. The single ringed specimen agreeing with figure 4a is probably

the individual illustrated since the dimensions are the same,
but this belongs to the genus Spiroclypeus, because definite traces
of polygonal lateral chambers are visible where the natural section
is not truly equatorial.

Morphologically H. assilinoides belongs to the group of involute
Heterosteginae including H. suborbicularis d'Orbigny, H. antillarum
d'Orbigny and H. depressa d'Orbigny, the latter as figured by
Brady (9; pl. xx, figs. 7a, b); exact comparison with these species

L<_

nT

d
Fig. 1. Fig.

Heterostegina assilinoides Blanck.
1: (a) External view of specimen ringed by Blanckenhorn; Lectotype; x 17.0.

(6) Enlargement; showing detail of secondary chambers; Reg. No. 2793-VI.
2: Equatorial section of megalospheric specimen; Plesiotvpe; x 14.0; Reg. No.

2793-VIII.

is not possible without reference to details of internal structure
which are not at present available. H. ruida Schwager, with which
Blanckenhorn compares his species, is complanate and evolute
while the primary septa are more numerous and much less curved.

The most closely related form occurs in the Burdigalian of
Syria and is referred by El. David to H. praecursor Tan (11; p. 123,
pl. viii, figs. 5, 7, 8). This is an evolute Heterostegina with pillars
terminating at the surface in granules, but the details of the equatorial

chamber layer are practically those of H. assilinoides and the
two species are connected by intermediate forms in the Upper Oligocene

of Palestine where they appear together (13). H. assilinoides
occurs also at Anah on the Euphrates (4; p. 65) in Upper Oligocene

eclog. geol. helv. 30, i. — Juni 1937. 4
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and Lower Miocene limestones with Lepidocyclina cf. raulini Lem.
and Douv. and Miogypsina eomplanata Schlumb. respectively5).
Thus the range of the species, as at present known, is from Upper
Oligocene to Lower Miocene.

Material and Types.—Samples 27, 28. About thirty specimens
were examined, mostly fragments.

The writer was unable to identify the original of Blancken-
horn's fig. 5, but a specimen ringed by him has been designated as
the lectotype (text fig. 1), Reg. No. 2793-VI.

Plesiotypes.—Reg. Nos. 2793-11(3 and 4), 2793-111(1), 2793-VII,
2793-VIII, 2793-IX (microspheric individual), 2793-XI, 2793-XII.

Other Specimens.—Reg. Nos. 2793-X, 2793-XII I.

Genus Spiroclypeus H. Douvillé, 1905.

Spiroclypeus blanckenhorni sp. nov.
Pl. IV, Fig. 7; Pl. V, Figs. 1—3.

Description.—Plate III, III.
Remarks.—An individual (Reg. No. 2793-XV) ringed by Blanckenhorn

and figured by him as Heterostegina assilinoides (1 ; p. 342,
pl. xiil, fig. 4a) is probably an exceptionally large (microspheric?)
example of Spiroclypeus blanckenhorni. An interesting feature of
the specimen is the presence over the nucleoconch, where the
natural section is not truly equatorial, of short, radial prolongations

of primary septa only (Pl. IV, fig. 7). In axial sections of
the species the shell lamina of the first whorl is sometimes undivided
and is separated from the enveloping lamina by simple alar prolongations

of the equatorial chambers. In such cases, therefore, the
earliest whorl of S. blanckenhorni is comparable in structure with
that of an involute Heterostegina. Other specimens show the development

of lateral chambers even in the first coil. The initial Heterostegina

stage may be of special significance in the present instance,
since there is a marked similarity between equatorial sections of
the first whorl in S. blanckenhorni and H. assilinoides respectively.
This resemblance may be due to the fact that variation in detail
of the equatorial chamber layer is often not very pronounced among
small, loosely coiled species of the two genera. In the author's
opinion, however, it is probable that H. assilinoides is the immediate
ancestor of the associated Spiroclypei. For this reason the specimens
with an initial Helerostegina stage are regarded as intermediate forms
and are not separated as the product of a distinct line of specialisation.

5) Author's own observations.
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Although S. blanckenhorni is typically a non-granulated form,
a few small, rounded ' pillars ' appeared sporadically at vertices of
lateral chambers when cutting tangential sections through the specimen

shown on Plate V, fig. 1 ; the ' pillars ' are impersistent since
they disappeared on further grinding.

This species is distinguished from S. leupoldi Van der Vlerk
S. globulus Nuttall, S. binteotensis Zuff.-Com., S. wolfgangi Van

der Vlerk—14; pp. 86, 87, 90, 91) by its less inflated form, fewer
lateral chamber layers and absence of undivided primary chambers
in Form A; the marginal flange is very thin and the equatorial
chambers are often visible externally.

S. orbitoideus Douvillé (10; pl. xiv, figs. 1—6) is considerably
larger, while axial sections show more numerous lateral chamber
layers for individuals of comparable size; the wall structures seem
to be more delicate than those of the Aintab forms in which the
lateral chambers are often almost obscured by relative thickening of
shell material.

The species is named after Professor Max Blanckenhorn in
recognition of his pioneer work in the Middle East.

Material and Types.—Samples 27, 28. About fifteen specimens
were examined.

Syntypes.—Reg. Nos. 2793-11(1), 2793-XIV, 2793-XVI,
2793-XVII.

Other specimens.—Reg. Nos. 2793-XV, 2793-XVIII.

Spiroclypeus blanckenhorni sp. nov. var. ornata var. nov.
Pl. V, Figs. 4—7; Text-figs. 3 and 4.

X

•'/'//

V^<A^~

Fig. 3. Fig. 4.

Spiroclypeus blanckenhorni sp. nov. var. ornata var. nov.
3: Fragment of natural equatorial section of megalospheric specimen; x 24;

Reg. No. 2793-XXIII.
4: Axial section showing early Heterostegina stage; x 44.5.
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Description.—Plate III, IV.
Remarks.—The variety ornala differs from S. blanckenhorni mainly
in having numerous pillar-granules; the average diameter is less
with greater relative inflation at the umbo; the embryon is generally
somewhat larger and the spire more open (Plate VI).

In all these characters, however, there is a gradation from one
form to the other. Occasional rudimentary ' pillars ' are observed in
S. blanckenhorni (p. 51), while parts of the lateral chamber structure
in the var. ornata are sometimes devoid of pillars; for this reason
the development of pillars is here considered to be of varietal
significance only.

Equatorial sections of the two forms are often indistinguishable
and specimens of the var. ornata have been found with an initial
Heterostegina stage (text-fig. 4).

The pillar-granules in S. blanckenhorni var. ornata arc rarely
conspicuous though occasionally large polar pillars are present as in
S. margarilatus (Schlumberger) var. umbonala Krijnen (14; pl. i.
fig- 5).

Granules are exceptional on the marginal flange, whereas they
cover the whole surface of the test in S. margaritatus (Schlumb.),
5. pustulosus Douvillé, S. granulosus Boussac, S. pleurocentralis
(Carter) and S. yabei Van der Vlerk.

S. tidoenganensis Van der Vlerk, which has a smooth flange
according to the original description (20; p. 16), is distinguished by
the peculiarity of its embryonic apparatus.

In equatorial sections the Aintab forms are very similar to
S. margaritatus and S. pleurocentralis but these species have two
undivided primary chambers while the latter is coarsely pustulose
(14; pl. i, fig. 8; 10; pl. xiv, figs. 7—8).

These differences, together with the evidence of local origin,
are considered to justify the separation of S. blanckenhorni var.
ornata from other published species of small, granulated Spiroclypei.

Material and Types.—Samples 27, 28. About thirty specimens
(mainly fragments) were examined.

Syntypes.—Beg. Nos. 2793-11(2), 2793-IV(l), 2793-XIX, 2793-
XXIV, 2793-XXV.

Other specimens.—Reg. Nos. 2793-111(3), 2793-XX, 2793-XXI,
2793-XXII, 2793-XXIII.

Genus Cycloclypeus W. B. Carpenter, 1856.

Cycloclypeus cf. eidae Tan Sin Hok.
cf. 1930. Cycloclypeus eidae Tan Sin Hok; 18, p. 233.
cf. 1932. C. neglectus Martin var. eidae Tan Sin Hok; 5, p. 186, pl. ii, figs. 15, 16.

cf. 1932. C. eidae Tan Sin Hok; 19, p. 50, pl. v, fig. 6; pl. xii, figs 2, 3; pl. xiii,
figs. 1, 2, 4—6.
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Description.—Plate III, V.

Remarks.—The specimens described belong to the 'neglectus' group
of Caudri (5; pp. 182, 183) and to Tan's ' sectio of Cycloclypeus
eidae ' (19; pp. 39 and 49—50). The initial Heterostegina stage is
well developed within the first annular chamber which is elliptical
in shape.

Since details of the central part of the test are lacking, exact
specific determination is not possible, but there is little doubt that
the species compares closely with Cycloclypeus eidae Tan.

C. eidae is very common in the Upper Oligocene rocks of Ramleh,
Palestine (13).

Material.—Samples 27, 28. Six incomplete specimens were
examined. Reg. Nos. 2793-XXVI, 2793-V(2).

Genus Rotalia Lamarck, 1804.

Rotalia viennoti Greig.
1935. Rotalia viennoti Greig; 12, p. 523, pl. lviii, figs. 1—14.

This species is abundant and typical in the Aintab Spiroclypeus
Limestone.

Material.—Samples 27, 28. Sixty-five specimens were found. Reg.
Nos. 2793-XXIX, 2793-V(o).

Genus Amphistegina d'Orbigny, 1826.

Amphistegina cf. hauerina d'Orbigny.
cf. 1846. Amphistegina hauerina d'Orbigny; 16, p. 207, pl. xli, figs. 3—5.
cf. 1913. Amphistegina haueri d'Orbigny; 21, p. 34, fig. 24a—d.

Description.—The diameter varies from 1-36—1-58 mm. and the
thickness at the umbo from 0-48—0-68 mm. The average ratio of
diameter to thickness is about 2:1.

Umbos of clear shell material are well developed, the diameter
at the surface being 0-33 mm. in one typical specimen. The margin
is sub-acute. Full grown individuals have five whorls. The septa
are highly inclined and there are ± 27 in the last whorl.

The septal lines on the dorsal side of the test are typically
straight, or slightly curved, until they turn back sharply at about
% of the distance from the umbo to the periphery to meet the latter
at an acute angle. On the ventral side the septal lines are rather
more sinuous.
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Remarks.—The Aintab specimens agree closely with examples
from the Oligocene of Palestine and the Burdigalian of Syria (13)
but differ in several details from the type illustrated by d'Orbigny.
They are only'about half the diameter while the ratio of diameter
to thickness is less owing to somewhat greater relative development
of umbos. The outer wall of the test is not conspicuously concave
between the umbo and the periphery as shown in d'Orbigny's fig. 5

(op. cit.) but resembles Zittel's fig. 24d (op. cit.). The septa are
usually straighter. Topotype specimens of A. hauerina from Nuss-
dorf, Austria (British Museum Nat. Hist. No. P326), are very similar
to the Aintab forms though larger.

Material.—Samples 27, 28. About 45 specimens were found, only
two being separated from the matrix. Reg. Nos. 2793-XXVIII,
2793-V(3).

Genus Miogypsina Sacco, 1893.

Miogypsina sp. indet.

Pl. IV, Fig. 6; Pl. V, Fig. 8; Text-fig. 5.

Description.—The largest individual has a diameter of 2-02 mm.
and a maximum thickness of 0-44 mm.

E<#< X

Fig. 5. Miogypsina sp. indet.
Transverse section; x 39-4; Reg. No. 2793-V(l).

The diameter of the spherical proloculum is 0-11 mm. The
equatorial chambers are lanceolate, with a radial diameter varying
from 0-09 to 0-15 mm. and a vertical diameter of 0-08 to 013 mm.

Axial sections show 9 to 12 or more equatorial chambers along
the greater radius from the proloculum and 1—2 along the lesser
radius.

There are about three layers of lateral chambers but in many
specimens, probably owing to poor preservation, no lateral chambers
are perceptible.

The external features of the test could not be observed exactly
since no specimens were separated from the rock. In the best
examples some indications were found of pillars terminating at the
surface in granules which in one case measured 0-09 mm. in diameter.
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Remarks.—The Aintab forms do not seem to correspond exactly
with any published species but cannot be described adequately from
the available specimens.

Material.—Samples 27, 28. About 30 sections were found. Reg.
Nos. 2793-IV(2), 2793-V(l), 2793-111(2).
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Explanation of Plates.

Plate IV.

Figs. 1—5. Heterostegina assilinoides Blanckenhorn.
1. Tangential section; plesiotype; x 23-1; Reg. No. 2793-XII.
2. Equatorial section of megalospheric individual; x 11-5; Reg.

No. 2793-XI.
3. Axial section; plesiotype; x 22-4; Reg. No. 2793-11(4).
4. Axial section, showing pronounced umbonal bosses; plesiotype;

x 30-3; Reg. No. 2793-11(3).
5. Axial section, showing small pillars; plesiotype; x 11-4; Reg.

No. 2793-IH(l).

6. Miogypsina sp. showing lateral chambers; x 300.

7. Spiroclypeus blanckenhorni sp. nov.; x 8-2.

Partial equatorial section showing (a) short radial prolongations of
primary septa towards umbo (see page 50), (b) lateral chamber
network; Reg. No. 2793-XV.

Plate V.

Figs. 1—3. Spiroclypeus blanckenhorni sp. nov.
1. Partial equatorial section showing early coils and lateral chambers;

microspheric individual; syntype; x 12-4; Reg. No.
2793-XVI.

2. Partial equatorial section; megalospheric individual; syntype;
x 10 0; Reg. No. 2793-XVII.

3. Transverse section, not axial; syntype; x 13-0; Reg. No.
2793-11(1).

4—7. Spiroclypeus blanckenhorni var. ornata sp. et var. nov.
4. Axial section; syntype; x 13-4; Reg. No. 2793-IV(l).
5. Axial section, showing exceptionally large polar pillars; syntype;

x 13-5; Reg. No. 2793-11(2).
6. Tangential section showing equatorial and lateral chambers

with small pillars; syntype; x 14-8; Reg. No. 2793-XXIV.
7. Equatorial section of megalospheric individual; syntype;

x 29-1; Reg. No. 2793-XXV.

8. Miogypsina sp. Axial section; x 26-0; Reg. No. 2793-

IV(2).
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FORAMINIFERAL SPECIMENS FROM AINTAB IN BLANCKENHORN S COLLECTIONS AT THE
HEBREW UNIVERSITY .JERUSALEM

Descr/pf/'or/s 3c r&f&rier/c&s
acconyjDGwy/r/g SJPeo/rrrerrs

Locaf/'f/es 06ser zf/orzs &y f. S?. S. f/errson
/?e^/s/ra//on /fvmèers
of f/cArew /An/rers/fy,

Jertss&fem

27

Ke//A /77// //ummu/t/es vor/o/or/et r
ffe/erps/eo/na assi/ir?o/c/es SfonçA
for/q/naf^) yeryyexnc/f /ni/ //. ru/c/ex
ScAwezper, aAerv/e?/grösser/
O/ocrcu/nex sp- cf ommonea.

3/if Sfune/en
Os// /7/nfexé.

**tYe//oyv/s/., porous Ames/one w/AA SpA~OcAyp££AS
6/ancAenAorni sp, nov.) S. 6/ançAenAorni ^°"~.
ornct/a sp. e/ var- nov-, GycAoe/ypec/s cf-
eie/ere Tan Sin //oA, //e/eros/eçmet assi///7Q/<Yef

Momct spec/me/fs 2793 - /
Thm séchons 2793-/7 /o 7"
//. arsi/ino/a/es 2793ST éo "XZZl

UpCret///net sp- Cr ommone a9
Opercu//ne/ sp., fe^c/en sp., 3ryot.oc
/O S /888 Onfer - foCcin.
S/. Socan /tr Syrien. /890,
7er/- JEST, S.339'•342

ô/ancAenhorn, Opercu/mct comp/ana/a Defrana £
k vane/zes, /4/opypszncz Sp mc/eZ-j /^znpAzs/e^ma.
cf. Aac/erina- c/'Oré-, Afo/a/za v/ennoêi Gretp,
Tex/u/aria. Spp C/A/czc/es sp. ite.

Aov/er M/ac<ene.
fief ?3j p:/S€ fj.

S. AAz/reAenAorn/'2793S7-IM
A/a/reAe/tx/torzri Var orna/t

~^3-ZZT-2XX
cf etefae 2793--233T

0 corrrp/ana/g 2793SZS7Z
8. cfAauerma 2793 XXY/ZZ
R //enrrof/ 2793-XX AX

*_» Five v/ea/neree/ cas/s ofmacro fossi/sj nra/rtx
of compare/, ye//ov*/sA Amex/one w/fA c/Ai/,
/Zum/nu/i/es voi-io/or/us /.amarcA, Mo//usc<z,
Cor-ex/ frergmen/s htc.

l/pper Focena
/Pef ?3j p:/56 §3

f/c/nc/ specimens 2793 3
ne/onèJhm f&ch'on 2793-XXXL

28
Afa/A m// Fhreyrn/nzferen,
&&/crr?tss j, Os/ree*.
/Û S /888 £ocèrn.

¦^f S/unc/en
Os// flznfcé

8s for //S 27c/ Y///A se/me foramirn fera
L ower tf/iocene

8ef ?3j p /56. / 3.

39

Poröser /Zornsfe*'n • Pecfert
QU/noueparf/Ae/s B/azteA:Opereu/zna
Sp Msc/en sp. Foccxn. ftef: /. â/ernefenfo/
Z S.G.G., /89Cpp 3S2'3S4,p/X2Zf/j? 2-3
2 Cox & AAomas Geo/ Ment 7/./934,/3.43/.

/Zorcfyvfs/AcA
fltrrfc/S

Conrpac/1 óratvn/sA -ye/Zow, si/zc/fi^o/ Ames/one
Wt/h Opsrcu//na Jpp-j H&/isrc?s/sQ/na SP-,
f/mp/i/'sf^Qir/â sp., sma// /Van/mu/i/es.-' /?*/. y3; p. r/5S, § 3.

40

/V_r /en fi//nfuepc/r//Aus ,/2 S /888t
Soearj. fief: /.'S/ancAen/rorn Z.
Ù. G G., /890,pp352 -3S4p*XS&fy&3
2 Cox & Tnonrcrs-Geo/Mag. 7/,/934,
p 43/

//orc/r*es///cA
fl/nfoó, ex/77
Weç nacA
r7rc*s6/e*r

rfs for //V391 wi/A Operce/Anet comp/an&ra_
Defr.) Q. cc?mp/c/nc//cx Defr. var /*e/crojfis$int
S//y. pep ?3; p, /SSj / 3. 2606

44

Tuffhr-ftg, sc/rtef/f- Ac//A/yes

(//¦„ /népr-rnecf/at c/ flrcA., ficA/efi
M/çAr.f C^avctrrnes/c/e/a //arpe
une/ e/ne /<orcr//eJ ûéer -/Toécin

f/orc/syr/en •

rYass&rsc/retc/e
zf/iJrAen /l/b-an
une/ t/süm- Den
/fi'rsvn TscAeti

ZW/scAen 7arb
une/rfroé/ar.

Ye/ZowisA -é>r /n, porous, granu/c/r /m
¦*vt/A a/>uncfcwA c/<sfr/rus from Arne

feuSrs/e/n m// //urrrmu/i/en c/na/
OrAtfoic/en

rtes/one
.r^s/ones

ano/rocAcs Yer/e>s*(lt. Pp. /7-23); fossi/s
/ne/uc/e //umirnj///es m/ermec/fuS'f/cA/f/t,
//'<?r- vascus Jo/y &<- Leymerie, Gpereu/i/fa
Spy //mpA/s/eyma sp., worn frajmen/s of
Oré>/Yo*'c/s Corali Sryozoa fr-C

/?cf ^Pt/srf^Ùùsoc^r/e

//ane/ specimens 28/0 -J
7hm secf/ons 28/0-Jf-T
Z/ çr vascus 2610 -IE~

46

2 S/anaen
•vesf/tcA
f/in/aé.

S/Ac/f/'eo/ f/'rrrt9s/one wi/A numerous sma/f,
roe//exAe /Yummu//'fes mc/u<//rrg /Y. suAai¦/oc/eui TA.

//arre/ specimen! 28/4 ~I
*"v/7 sec//ons 28/4 ~JT

f/ Douv.; rfss///nct SP., OpercuAnc/ sp-,
D/fCçcye//'{7ct Spp. (aounefe/nfyrac/zcT/c
D/scocyc/tninae è<e

Lu/e/ian.

47

58

495

fsuersfe/n faus e/e/n /C/ese/Aa/A)
m// /VummuAfen une/ ûré/fo/c/en.

/m tffesfen von
fJirrfc/6 ¦

Y/asserscAeic/a
zw/scAen.
/4frun une/
SacA'ur - See.

f/s for f/946 w/fÀ SO//77C foram/n.'ferez ¦

Lu/eha/rtr

//a/7cf spee/mens 28/5'f
Thin sec/ion 28/S -JT

feuers/e/n rnif f&rawrtmferen
/O. 5 /888, £occrri.

fa S/uno/ert
Os// fJ/n/ezA
/fo refsyr/en ¦

S///c/f/ec/ //'mes/one w/fA f7mpA/s/eg/n&
sy> Bec.

//anefSpecimen 2826 -I
7hm sect/on 2826'-JZ

/fc/fAe mi/ Z/umrnuAfs/t,/Cora/Zen
3/vcf/ixert, Zfoccrrt

Ztv/scAen 7äo
¦U flr<*6/ar
(yfey /7/n/e/A -
AfcrrarsA

'Brown Ames/one w/fA aounaZrnf
f/mpA/sfep/'nct /esson/i ef'ûré. S/pA/e/tuw
cf. cr/spum f L inné GtyOS/na, Tex/u/cv/'J/E^j.

oo/jvirra G/o A/Qer/sret f Qs/racoe/s
fcA/na/a/s, L ifAo /At

/Zane/specimen 3975-7
7h/n sect/on. 397S 'M
4. /ffssonit 3975 -JZZ

fyam/r/unr.
Pro6a6(y Vincfo&onicm or /a/er.

"tGreyj p/r?A Òtje/fow Conp/omerafic Ames/one
W/ftV co/careous e/efrifus ma /ne/r/y ma/rix.
Fossi/xT Cwc/taenotss <S< cfer/veat'J /nc/ucfe
wor/7 /rarpn7en/s of Oroi/oicfs ano/
//ummv/f/es f/ff/cA/eA /*7/cA., M <fçAavannex_
c/e /a //arpe, Ac).
G/aA/Qcr/na., M/AoAcAze, Lz/Ao/Ao/nmum-,
Corer/sf Sryozoa^ /4o/fusca, EoA/noicfs, &?¦

/Vane/spec/men 397S -JY
Thin sec/Aon 397S-Y~- TU
Nummuf/Jes spp 3975-YZZT

5/4
rfeej. cesyesrr Hexere^s/erex mil
Pec/en çutnefuepatr/t/us 3/erncÂ

lm Sue/en von
/linitié.

/Is /or /los SS *40 reM Soiroc/fioeus s/>

(rare), Gyosinat. so. Teixlts/ar-ia iec
fieyyfTp lise, /¦?

A/anc/ spec/nren 2/26-1.
TA/n secAiß/Tt 2/26 JZ-tt/ZT
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I Operculina compla¬
nata DEFRANCE

A

Oo/Ane suo - circu/ar /o e//ip/fca/; ax/s eccen/ric j
/es/ Ai/a/era//y Symme/rica/\, compressed, s/t^AI/y
/AicAened oyer o-x/jr j peripAeraZ margin rounded',
wAorZs ZypicaZZy evoZu/e.

Tes/ smooth or w/'/A yrc/nu/es on
sepfe/f //nés wA/cA erre yeneraffy
vis/A/e.

ßicellular w/'/A

approxT spAerical
pro/ocu/um
parl/yem6rateet/
by a crescentrio
second cAamber

ifpproxtmcr/e/y rae//a/ a/inner ana/s,

ectrv/ny AacAvrareds /o mee/ /Ae margina/
card a/ an atcu/e any/e; sorne/intes
/Ae radia/ /rend Aspro/onyed /Ae sep/a
/Aen 6emy rar/Aer sAarp/y re/Aextsd
fovYards /Ae mary/na/ cord.

— 47 + •> •9 — 2-3

1
i.

•0

v.

to-07 to /0
008

x. -
7-to

16-/9
- - 0 - - - 9

E
Heterostegina
assilinoides

Blanckenhorn

A

B

OuZZ/ns rougA/y a mcrjbr segmen/ emfa circ/e or a
rounded ywatdri/o/ero/; atx/S eoce-nfricy /es/ Ai/a/e -

ra/fy symme/rica/, /en/icu/ar or AiumAonafe vri/A a
/b/n margina//range /per/pAera/ margin roundedJuvAorl
tnvo/u/ej v/i/A afor pro/onyedions ofprimary cAamAers converging

/ov/ards /A& ax/s,- secondarycAamber/els occur on/y ,'rr
/At? maryma/ //ange o/eacA w/ior/j /ypica//y wi/b /arge,eonicalf
polar pi//ars i^for smal/er pi//ars en umbona/ area.

Test* fyp/caffy smoofA Pr//*tary Se

saconcfezry sep/a/ ferresyeneraffy v/s/A/e

O/r mary/r/a/ f/err/ye; secondary cAazn-

éers offs/7 w/'/A s'maff spof //7 cenfre;
t/n/Aoaa/ area w//A raaf/àfe pr/mary
sep/a/f/foments; P/'/ferrs v/'s/'&fe àaf
rarefy pro/eefing af surface, n of
a/ways present.

rfs aAove

/Aar//er sep/a appro*..- radia/a/inner
enedj curving 6acA /o meef ou/er
maryin a/an aeu/e ana/e; /a/er sep/a a/
acu/e any/e(t 30") /o inner margin -.
ofsemi annu/ar form, Aecomtrto nearly

para//e/ /o ou/er rnargin; sep/a
/ypica//yparat/e/ it eyu/d/'s/an/ /AroeigAoa/.

S/ra/g/tf
norma/ /o

primary
Sep fex.

Z/earfy square or s/igAf/y
Aexagonea/. 506 - 20

0-70
to

l-3£
to-22 //•*

0-25
to

0-44

0 06
to

009
2 +

0 03
lo

0 04

on
to

0 33
Mean
0-23

0 19
fo

0- 20
X

0 IS
to

0-44

0 02
to

006

o

to
1

8-lt
17-18

•a
0-24
Mean
0- 16

002
to

0 03

on
to

0-22
Mean
0 15

t0 02
0 05
to

0 09
- - -

0 09
'Marciti

to
0 44

'Umbo 1

3-70' + 3-4 006 It8
t 10

t 14

t 20
- - -

M
Spiroclypeus
blanckenhorni

spec. nov.

A

B

Ou/Ane proAaA/y suA-circu/ar or rouoA/y e//ip/ico/;
c,xts eccen/ric ; les/ bi/a/era//y symme/rica/';
compressée-/ /en/icu/ar w//A a /A/n margina/ f/ange,
offen undufa/irrg ; peripAera/ margin rounoZee/;
vrAor/s invo/u/e ini/A /ayers of rounded /-o po/y ~

gorra/ /afera/ c/ramAers; fypicaffy wifAoa/
pif/ars.

7es/ /ypica//y srnOo/A.

Sepfa'/f/r/es ofpr/mary &secor?c/ary
e&isc/for/crf cAarr/Aers sorrrG f/zz/es
v/s/A/e 0/7 mary/na/ffar/ye & rrrose,

of /ae/ercrf cAc/rr/oer-s OYer ufrj6o7?a//

arecr.

/Is aòove

Semi-annu/ar, a/ acu/e anp/e lo
inner margin, curving an/i/ near/y
parallel /a ou/er margin/ sep/a approx:
para//e/ or diverging gradua//y oir/werral

d/sfance Ae/ween sep/a increases
s//gA/A/ in /ef/er s/ages ear/rer sep/a
some/imes radia/af inner enc/s.

/7s aAove

/Zear/y sauara or s/igA/ry
Aexagona/ in earZy s/ages
A ecommg eZonga/ed An /a/er
sfarges due /o wieder spacing
ofprimary sep/a.

±50
220
to

3-30

0 55
to

0-99

oil
to

0-28
9 i-z ¦f-002

0 15
to

0 31

_¦•/.
to

O 18
o*SS
lo

0-37

0-02
to

003
0

3-02)

17-18

005
to

0 44

0 01

to
0 03

0 05
to

0 IS
Mean

to 02
O-02

to
0 09

5

0 11
to

0 22
Mean

Mean
002
to

003

0 02
to

0 10
0 22 0 09 0 14

813 +

{160+)
3-4 9+8

?t 8
12-13

17-10

m
Spiroclypeus

blanckenhorni var.
ornata spec, et var. nov.

A

//s aAove Au/ wi/A numerous pi//ars main/y eyf
ver/Aces o//a/apra/ cAamAers; some/smePJ
btumAona/e c/ue /o deve/opmen/ of /arge _,

conica/, po/ar pi//ars.

Sepfczf f/77<es ofprimary & seconofezry
eo/c/czfor/af oAc/nzéers offen y/sié/e
orj 777<rry/r70rf fferr/ye wAicA is fyo/ca/ffy
ssrroofA 6a/ so/77ef//T7&s Aers s/77aff
arc/rja/es a/fony pr/merry sepfa
/fméonez/ ezroer w/fA Smcr/fyra/ra/es
/ncreas/r?y fowara/s. ce^fre ¦• wi/A or
v//AAou/ /czrqer- po/c/r pi/Zcrrs

f/s aòoYe
its aAove /Js aAove /Is aAove

4 0
to

5 0

110
to

1-98

067
fo

114

0 14

lo
0-22

'/t-8
(022)

0 OS

lo
0 09

1-2
002
to

003

0/5
to

0-38
Mean

0-07
/o

0 22
X

0-20
to

0-33

0 02
io

003
0

7-10

9

Urn&o

0 02

to
0-03

006
to

0 13

Ì0 02

0 03
to

0 10

8
on
to
016

0 02

to
0 03

0 02

to
009

0 11

to
0 22
flvMargin
016
to

OSS
0 34

¥ Cycloclypeus cf. eidae
Tan Sin Hok A

Outline suA-c/r-cu/orj axis s/igA//y eccen/ric ,-

/es/ 6/faferaffy symms/r/ca/', a/Ascoleda/,
/AicAened over ax/s ; peripAera/ margin
rouna/ed.

Externa/ o7~r?a/77er?f of t/fT?6or7cz/area
/7of oêser vac// sepfa/ /c rres of eat/a -

for/a/ cAa/TT&ersyer/eraffy y/s/A/e
Aowarc/j /r?ary/r? w/fA smaffyrorra/es af
Ja/7cf/o/7S ofpr/rr/ary xiLsecorrefezrysep/a;
AAe faffer are fre<yaer/f/y marAea/ af
fAe Surface Ay Smezf/, weetya - sAapeef
reofyes.

rfs aéov&

Semi - annu/ar tx. a/ acu/e ang/e /o
spira/ margin a/ A ofA ends in
nepioni'c s/arge annu/ar e//ip/ica/',
Aecoming circu/ar in adu// s-fage ;
sep/a /ypica//y para//e/ It eyotdis/on/.

/Is aAove

/Zear/y sauar-e or s/rgA//y
/rexogona/

5 5 ¦? ¦p p j> ¦> e> 022
Ott
/. 9

> 10

< 20

9
006
to

0:10
t 0 02

006
to

on
to02 9 - - -

(7) Many o/ /Ae measuremen/s given aiove were made
(§) TAe va/aes given in co/umn 20 represené lAe

on thin S/ices o/lAe /ossi'Zs; some oZfovronce. s/iou/d be made, therefore, for acc,'den/a/ fac/ors sucA as ob/Aejuity of sec/ions ¦ Yd/ves in ArcrcAels are excep/ibnal') /Aose fo//ovred Ay a i- Sign are Aased on incomp/e/e specimens,
number o/undivided (Opercu/me) primary cAamAers in //e/eros/egjna 4. Spiroc/ypeus it/Ae numAer o/ discon/inuous(He/eros/egint°)primary c/raméers in Cyc/oc/ypevs.
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Sp/roc/y/^ec/s ò/oncAenAomi Sp: nov.'

Spirocfypeus AfcmcAenAorn/
var.- orna/a Sp, e./ var: nov.-

Forms /JorB as /he/fearfet/

/
/

/ y ¦''Ss

¦"^ Xy"

"lx^X<^' xx ___.«-
—- --' _~- —"
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z^A
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Opercu/ina comp lamafa Defrance

A //fi/Y/ /¦! yy 'S/y
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i//7^-/ ^ S
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