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ABSTRACT

Biometric investigation of the megalospheric individuals of Nephrolepidina
assemblages from several sections in Kirkuk area, Iraq led to recognize three
morphometrically defined species by the combination of two parameters. The degree of
embracement of the protoconch by the deuteroconch (Factor A) and number of accessory
auxiliary chambers on the deuteroconch (factor C). On the basis of generally accepted theory
which is called embryonic and nepionic acceleration. The succession of these three species
corresponds to the phylogenitic lineage in the European—Mediterranean area which started at
some level in the middle part of the Oligocene and continued upward into the Early
Miocene. The slow numerical progress in this lineage and especially the double
morphometric definition of the species limits have led to the recognition of a wide array of
morphologically intermediate assemblages.
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INTRODUCTION
The succession of Lepidocyclina(Nephrolepidina) assemblages in Baba and Azkand
Formations (Oligocene-Miocene) carbonates of Kirkuk well-19; Bai-Hassan well-4; Khabaz
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well-3 and Qarah chauq Dagh sections, provides us with unique proof for the general
validity of the principle of nepionic acceleration (Tan Sin Hok, 1936), in the evolution of the
Lepidocyclina(Nephrolepidina) Douvillg.

The evolutionary patterns in our Lepidocyclina(Nephrolepidina) lineages will be dealt
with in more detail, which was actually the main purpose of our investigation. The
morphometric series will be the results of earlier published studies on the other orbitoidal
foraminifera and with current evolutionary.

PREVIOUS INVESTIGATION ;

Biometric investigations of the megalospheric individuals of Nephrolepidina
assemblages from several places in Europe by Van der Vlerk (1959); Drooger and Socin
(1959); Drooger and Freudenthal (1964) led to De Mulders’ classification (1975), in which
three morphometrically defined species are recognized by the combination of two
parameters: the degree of embracement of protoconch by the deuteroconch (factor A) and
the number of accessory auxiliary chambers (Factor C). On the basis of general theories
which are called embryonic and nepionic acceleration, depending on the combinations of
(A) and (C) values:

The names and morphometric delimitation of the species are:

C A
Lepidocyclina(N.) praemarginata Douvillé 1<C <3 35<A <40
Lepidocyclina(N.) morgani Lemoine and Douvillé 3<C' <525 40 <A™ <45
Lepidocyclina(N.) tournoueri Lemoine and Douvillé C>525 A >45

The overall acceleration trends appear to be in accordance with the stratigraphic order
of these three species, but the rate of evolution must have been very low, if one takes into
account that the development lasted throughout the entire second half of the Oligocene
(Chattian) and well into the Miocene (Aquitanian). The latest published review papers
(Drooger and Rohling, 1988, Adam1987, Drooger, 1993, Saraswati and Kumar, 2000,
Muthukrishnan and Saraswarti, 2001, Saraswati, 2003), on all morphometrically determined
Nephrolepidina associations of the European regions show that all data fit in with a single
lineage that shows a development in the (A™-C’) relation.

MATERIALS AND METHODS OF INVESTIGATION

Larger foraminifera (Lepidocyclina) are typically associated with shallow water
carbonate sediment during the Oligocene-Miocene (e.g. Baba and Azkand Formations). The
facies change typically evolved continuously in this environment, so that it is seldom to find
typical Miocene carbonate facies (Azkand Formation) directly overlying Oligocene
carbonates (Baba Formation) in the same sequence section, therefore the sampling are
carried out from many surface and subsurface sections such as (Qarah chauq Dagh, Khabaz
well-3, Bai-Hassan well-4, and Kirkuk well-19 sections) (Fig.l1), to recover the
contemporaneous of Oligocene-Miocene sequence. Equatorial thin sections were made from
megalospheric individuals of Lepidocyclina(Nephrolepidina).
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Fig.1: Location map of the studied area.

Counts and measurements on the early chambers of Lepidocyclina (Nephrolepidina),
were performed according to the procedures by De Mulder (1975) and Drooger (1993)
(Fig.2).

AACIH : AAC I

(b)

Fig.2: a- Schematic drawing showing the methods of measuring and counting the internal
features in Lepidocyclina(N.). b- Methods of measureing the degree of embracement
in the embryonic chambers, A;, the length of common wall is measured from v, to v,
A, from fj to f, (after De Mulder, 1975 and Drooger, 1993).

v
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Protoconch: linitial chamber (1), deuteroconch: second chamber (2) formed from 1,
Nucleoconch. (embryon): 1 and 2 together..
PAC: Principal auxiliary chambers formed from 2, and resting on 1 and 2.
AACI: Accessory auxiliary chamber; formed from 1, AACII : Ad-auxiliary
chambers formed from 2.

Embryonic stage: consists in our Lepidocyclina(N.) forms of all chambers directly encircling
the nucleoconch.(1 and 2 together)
Neanic stage: All later chambers.

These successive ontogenetic stages are recognized in a single plane of growth, called the
median or equatorial layer. The parameters are:
A : Degree of embracement of the protoconch (1) by the deuteroconch (2) .

Length of common wall between 1 and 2
A=100x

Total circumference of the protoconh

A is calculated from measurements along the outer wall of the protoconch (5 (A,)
from measurements along the inner wall (Fig.2y, vi-v,).

This is expressed as a percentage, calculated as the ratio of the length of the common
wall between 1 and 2, and the total circumference of the protoconch, multiplied by 100.
A;: is calculated from the values obtained along the outer wall of the protoconch, and was
introduced by Van Der Vlerk (1959).

Since it is supposed (Drooger and Freudenthal, 1964, and De Mulder, 1975) that A, and
A. differ no more than twice the standard error, also A was calculated, which is Y2(Ag + A)),
and therefore (A) lies in between (A,)and (A;) differs no more than once the standard error
of (A,)and (Ajeach. The difference between (A; )and (A,) is relatively small. De
Mulder(1975) found that in practice both methods produce the same result.

C : Number of accessory auxiliary chambers on the deuteroconch (AACII).

D,: Maximum diameter of the protoconch in pm, measured at right angles to a line
connecting the centers of 1 and 2 half of the thickness of the wall is included.

D, : Maximum diameter of the deuteroconch, measured at right angles to the connection
line between the centers of 1 and 2. Also in (D,) values, half of the thickness of the wall is
included.

D,/D;. reflects the relative size of both embryonic chambers.

R: degree of curvature, calculated from the formula:-

R = 100 h/w. In this equation (w) is taken along the line connecting the attachment
points of the deuteroconch to protoconch. Generally, (w) and (h) are measured along the
maximum height of the protoconch that is inclosed by the deuteroconch, measured at right
angle to w. ,

a : Introduced here. It reflects the degree of embracement of the protoconch by the
deuteroconch, expressed by the protoconchal angle which is formed by the two hypothetical
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line from the center of the protoconch through the outer attachment points of the
deuteroconchal walls with the protoconch (Fig.2 b, f; and £,). a can be measured easier than
A, but in not well-rounded protoconches the position of the center is rather arbitrary.

COMPARISION OF VARIOUS BIOMETRIC SPECIES IN DIFFERENT SECTIONS

The Oligocene carbonate (Baba Formation) in Kirkuk well-19 and Bai-hassan well-4
sections subdivided into LILII and IV units (Fig.3). The lower part of the Baba Limestone
represented by unit (I) in Kirkuk well-19 and lower part of unit (II) in Bai-Hassan well-4
sections, characterized by occurrence of the first primitive type of Lepidocyclina
(Nephrolepidina) praemarginata depended upon the mean values of the (C-A7,C D3 and
C o) relation (Tables 1 and 2). From unit (II) and the lower part of unit (III) which
represent the middle part of Baba Formation. Another species is distinguished that situated
in characters between Lepidocyclina praemarginata and Lepidocyclina morgani which is
represented by Lepidocyclina ex.interc. praemarginata-morgani, and the mean values of the
(C’, A)) and (o) are recorded from the Unit (II) and the lower part of the Unit (III). The
Miocene carbonate (Azkand Formation) in well Khabaz well-3 and Qarah Chauq Dagh
sections subdivided into units (V,VLVILVIII) (Fig.4). The Lepidocyclina (Nephrolepidina)
morgani shows an increase in these parameters in comparing with the previous species, and
this species is continued to the Units (V and VI), represented as the lower part of Azkand
Formation (Miocene), whereas in Unit (VII), the biometric analysis shows an increasing in
the values of (C",A") and decreasing the (o) values that distinguished another species situated
in mideposition in their character between L .morgani and L .tournoueri which is named as
L.ex. interc. morgani-tournoueri. the lower part of unit(VII) and unit (VII) characterized by
presence of L.(N.)tournoueri which has the highest value of the (C,A") and minimum values
for the (a) (Tables 3 and 4).

Summarizing, it can be stated that mean values of (C) and (A) show successive
increasing but the (a) values decreased from Unit (I) (Lower part of Baba Formation),
toward the Unit (VII) (Upper part of Azkand Formation) while no clear trend is observed in
the average size of Protoconch (D;) and Deuteoconch (D,) from the lower to the upper part
of the sequence, unit VIII (Upper part of Azkand Formation).

EVOLUTIONARY LINEAGE OF LEPIDOCYCLINA (NEPHROLEPIDINA) IN IRAQ

The evolutionary trend in this study from Oligocene-Miocene carbonate sequence, as
mentioned above based on biometric investigations of the megalospheric individuals of
Nephrolepidina assemblages from several section, in which several morphometric species
are recognized on combination of (A" and (C°) values, in addition, the third factor () is
used which shows a clear decreasing from the lower part to the upper part of the section
(Tables 1, 2, 3, 4, Fig. 5).

In the scatter diagram of (C) versus (A") values from Iragian Lepidocyclina
(Nephrolepidina assemblages (Fig.6), in which European and Mediterranean assemblages
are entered , show that all data fit in with a single lineage that shows a development along a
broad band in the (A™-C") relation , the fairly wide variation along this road cause quiet a few
ex. interc. determinations, it is clear that the assemblages of the lineage fit to one end the
same, general trend of increase in the diameters of both embryonic chambers (Table 5).



24 Imad M. Ghafor and Qahtan A. Muhammed

o
E 812 /
T [T
Scle: lem=3m ;‘.EEnsu / .
@ Limestone e / smaller |
»] T Foninite
@ Dolomitic Limestone B bl Z:T:m::‘ °
tow angle cross beddtng | IZ| ] 7 I
U Burzrows :: 2 / I
ma /
nm
20630 /
191L33 . Fine bioclastic 7 I
| aefe, [l ﬂm&w 1 s}
e e
B Y O e
1 L,——L fnetovery m " [ | Forainiferd
S I o i
e puckiione 2 -
— & “: ’;!;/ L— I Sl B Lt
Fine to very 3.1;. s ul U
i Y coarsc biocls- ]
I o e e e
- s T\ foraminiferal ] ioclasti
:‘ - / pacmi : 13008 | ;::j:bochsnc
grading 10 T | focaminiferal
4= wrs eninsione :: pas 7 packstone
3] @
16835 o ows
H _* 8651 N lL
Unir | S (o] Faces I e ::EE: Linagy | Facics
Kirkuk Well - 19 Section Bi-Hassan Well - 4 Section
Fig.3: Lithostratigraphic column of the sections, Kirkuk well-19 and Bai-Hassan well-4,
Oligocene carbonates (Baba Formation). oy S lemes
F e: lem=§m

g Limestone
| @ Dolomitic Limestone

1582204 Fineto
E]I [ coanse
3 biaclastic U  Burrows
I -1 packstone
L to boundstone
i |
- 4542307
1 f25e
al 4.0 Very fine 6] -—_{ Fine to
417 | U 10 coarse s coarse
v/ B § wml bioclastic
34 air 2343 packstone
.32§2327 | srainstonc 1 to boundstone
I —— 4 3
2, fine 22 Ve ne
(0 Very coarse + .
hd 24 ] bioclastle larger m 204 hl.:l-nrkl-rm
197 . foraminiferal - 1,
] Kketon
153 1 packone 181 5
1442345 I RS L e
1o Vers cvarse
T | M7’ e
ot
142147 i 132 prekone
n2
10 42348
v 142
942349
Fine 9+ 2 Fine
3 bioclastic bioclastic
| Tmalier I et smaller
I ] s +: foraminiferal
b L 6+ packstone
T l :-- 2
342
24
1 ]U 2
12396 JUIT - ;"
Facies
« o | Sample | Depth [Lichiogy | Facies it | 2P paterval
Unit No | (m) Unit Ne. (m)
Khabaz Well -3 Section Qarah Chauq Dagh Section

Fig.4: Lithostratigraphic column of the sections, Kirkuk well-3 and Qara Chéuq Dagh,
Miocene carbonates (Azkand Formation).



Evolutionary Aspects of Lepidocyclina (Nephrolepidplina) from...... 25

Table 1: Results of Counts and measurements on seven L.(N.) assemblages from the
Oligocene carbonates (Baba Formation) in Kirkuk well-19 section. M=Mean of
the value, N =Number of observation.

E
o | o " L3
= 2
ElF| E| 8 EE | A C D Dr | DD | R « Species
@ | e o &z
z
=
M20N 41235 49 | 2973 | 3246 | 109 | 294 | 1939 L.morgani
m
M I8N 4;‘:;_' 48 | 2201 | 28583 | 15 284 | 1986 Lmorgani
407 L.ex.interc
. MISN | “0 129 | 212 | 3209 1.2 255 | 2077 praemarginata-
5| 8 I 8 morgani
Q = .
S| 8 MIaN | 98 1 35 | ag33 | sass | 12 | 235 | 20 Lexinterc
5|0 12 praemarginata- morgani
MIIN 364 2 260.7 298.1 1.1 17.4 239.1 L.praemarginata
1 18 | Man | 381 a3 | 2400 | 3124 13 141 | 2382 L.praemarginata
11 P
MIN [ 288 ] o1 | 219 | 3159 - 153 | 2388 L praemarginata

Table 2: Results of Counts and measurements on seven Nephrolepidina assemblages from
the Oligocene carbonates (Baba Formation) in Bai-Hassan well-4 section. M=Mean
of the value, N=Number of observation.

v | o ¢ L8
o Y)) S~ = o~ 2.0 . . . . .
5| 8 5 < E E E A5 C D, D D,/D; R a Species
@®n | K = A2
= Z.
v 35 M 32N 41248 4.7 266.3 341 1.2 30.1 194.9 L.morgani
424 ;
M22N 12 4.6 206 274.9 1.4 25.4 196.8 L.morgani
1 1 39.8 L.ex.int
© M20N i 32 | 3185 | 3615 1.14 25 204.5 exintere
S| 5 10 praemarginata- _morgani
(53 = N
%| B MioN | 49| 55| 2305 | sias |13 268 | 2008 Lexinterc
5 O praemarginata- morgani
MisN | %0 34 ) omis | 2877 | 102 | 306 | 2o1s Lex.interc
1 19 13 praemarginata-morgani
MI16N 31637 2 236.6 265.5 1.1 15.2 226.9 L.praemarginata
36.7 ,
MISN 10 2.1 2132 257.7 1.2 16.2 226.3 L.praemarginata




26 Imad M. Ghafor and Qahtan A. Muhammed

Table 3: Results of Counts and measurements on twelve Nephrolepidina assemblages
from the Miocene carbonates, (Azkand Formation) in Khabaz well-3
Section. M=Mean of the value, N=Number of observation.

3| g = é = .§ D,/
& E‘] S < E E E AT C D, D Dz. R o Species
@ | @ = &2
=
456 -
M50N 14 59 318.1 386.1 12 355 1724 L.tourenourii
vir | 34
M 49N 41729 56 | 2441 | 3204 | 13 | 349 | 1782 L tourenouri
M42N 51055 69 | 3397 | 4039 | 12 | 409 | 1784 L.-tourenouri
M37N | *7 | 63 | 3203 | 409 | 12 | 449 | 1892 L.-tourenouri
14 :
=1 A n
E1E| v | 15 {M36N| % | 52| 2859 | 72| 13| 323 | 1901 | Levintercmorgani-
g | s 11 4 tournouri .
S|z M3SN | ¥9 1 s | a38 | 318 | 13 | 36 | 1903 | Lexinterc-morganic
11 tournouri
M32N | % | s2 | 3i1s | 3659 | 12 | 313 1906 | Lexinterc-morgani-
11 tournouri
M3IN 46 2714 378.7 14 312 190.8 L.ex.mlerc-mz)fgam-
12 52 8 tournouri
M28N | 45| 5 300 | 3392 | 113 | 285 191.1 L.ex.interc-morgani-
11 tournouri
VI | 13
M22N 4]’58 44 | 2135 | 2803 | 13 | 274 | 197.8 Lmorgani
[}
S| 8 442
el € MI6N | 0% | 4.9 | 2489 | 3263 | 13 | 256 | 1987 L.morgani
2|05 445
o v 36 | M7N | 5 2336 | 3207 | 14 | 263 1963 L.morgani

Table 4: Results of Counts and measurements on seven Nephrolepidina assemblage from the
Miocene Formation) in Qarah Chauq Dagh section.

g o | = | E_| 25
£E| s E | 2E| EE A C D Dy Dy/D; R o Species
[72) w = ® =
= \z
476 .
VI | 15 | M26N I s6 | 260 | 3302 | 127 | 363 | 1727 L tourenouri
M21N s 54 | 2609 | 3259 12 289 | 1921 | Lewintercmorgani
- 14 .tourenouri
g | = 428
BB [y |, |M2ON 2 45 | 2558 | 3005 | 117 | 247 | 195.125 Lmorgani
& | 3
= | g M I8N 09 35 | 236 | 2923 12 285 | 19.5 Lmorgani
MI7N 41253 4 203 | 3715 13 275 | 1975 L.morgani
Vi | 10 |MI2N 4{;‘ 4 | 3019 | 3819 | 13 202 | 19838 Lmorgani
2 c g
8 | €8
o <
215 S| v | 24 | M3N 414i7 a1 | 2534 | 3033 12 271 | 19838 Lmorgani
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assemblages of European-Mediterranean Lepidocyclina. (Literature from Drooger and
Rholing, 1987 and Drooger, 1993).

Table 5: Stratigraphic distribution of Lepidocyclina (Nephrolepidina) species of the
studied area, based on the mean values of (C, A; and o)

Formation Stage Species C A o

L (N.).tournoueri C>5.25 A>45 a'<189.5

Aquitanian [ 1 ox interc.morgani-
ex.interc.morgani : y
Azkand tournoueri Cs Ao i

L(N.).morgani 3<C<5.25 | 40<A <45 192.5<a<199

Chattian - -
L.ex.interc.praemargi

nata-morgani
L(N.).praemarginata 1<C>3 30<A<40 208<a’

Baba 2<C<4 39<A’<41 199<a<208

The evolutionary and morphometric delimitation of the species with corresponding age
are plotted in Fig. (6) and pointed out in table (5). The succession of these species
corresponds to the lineage in the Europe-Mediterranean area which started at same level in
the phylogenitic middle part of the Oligocene continued upwards into the early Miocene.
The lineage shows progressive complication in periembryonic chambers ranges from
Chattian to Aquitanian within that time an increasing is recorded in (Factor C) and (Factor
A1), incontrast decreasing is recorded in (Factor o).
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Chauq Dagh.
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Butterlin (1987) follows the suggestion of Bronnimann (1940) normally the European
Mediterranean praemarginata morgani-tournoueri lineage the endemic evolutionary
continuation of the L. muretanica / pustulosa, but we think this lineage in Iraq and
surrounded areas originated independently from primitive Nephrolepidina represented by
L.(N.)praemarginata and the L.(N.).morgani which distinguished from Morocco is a
variation of the praemarginata because of having the same (Factor C) while the factor (A;) is
lesser than as in praemarginata.

CONCLUSION

Many morphometric series of Lepidocyclina (Nephrolepidina) were distinguished for
the first time from Iraq by using biometric analysis of Lepidocyclina (Nephrolepidina)
individuals, based on the mean values of (C, A;and o ).

The evolutionary trend in Lepidocyclina(Nephrolepidina) shows progressive
complication in embryonic chambers represented by an increasing in factor (C” and A’) and
decreasing in (o) factor in grading from Chattian (Baba Formation) upward into Early
Aquitanian (Azkand Formation).
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Figure (10):

Plate -1-

Lepidocyclina (Nephrolepidina) praemarginata, Unit (I),sample(1), Kirkuk
well-19 section, Baba Formation, (40X),axial section.

Lepidocyclina (Nephrolepidina) praemarginata, Unit (II), sample (16), Bai-

Hassan well-4 section, Baba Formation, (40X).equatorial section.

Lepidocyclina (Nephrolepidina) ex. interc. praemarginata-morgani Unit (I1I),
samples (18), Bai-Hassan well-4 section, Baba Formation, (40X). Equatorial
section.

Lepidocyclina (Nephrolepidina) ex. interc. praemarginata-morgani Unit(II),
sample(16),Bai-Hassanwell-4section, Baba Formation (5X) Kirkuk well-19
section, Baba Formation, (40X). Axial section.

Lepidocyclina (Nephrolepidina) morgani Unit II), sample (22), Bai-Hassan
well-4 section, Baba Formation, (35X). Equatorial section.

Lepidocyclina (Nephrolepidina) morgani, Unit (IV), sample (23) Bai-Hassan
well-4 section, Baba Formation.(30X). Equatorial section.

Lepidocyclina (Nephrolepidina) morgani Unit (VI) sample (28), Bai-Hassan
well-4 section, Baba Formation. (40X). Equatorial section.

Lepidocyclina (Nephrolepidina) ex. interc. Morgani Unit (VII), sample, (35),
Qarah chauq Dagh section, Azkand Formation. (30X). Equatorial section.

Lepidocyclina (Nephrolepidina) tournoueri, Unit (VII), sample (42). Khaba
well-3 section, Azkand Formation. (40X). Equatorial section.

Lepidocyclind (Nephrolepidina) tournoueri Unit (VIII), sample (26), Qarah
Chauq Dagh section, Azkand Formation.(35X). Equatorial section.
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