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Summary

The investigation is based on a well exposed and subsurface sequence of bioclastic
limestone in Qarah Chaug Dagh section, and Kirkuk well-19, Bai-Hassan well-4 and
Khabaz well-3 scctions. The carbonates were deposited in & shallow open marine
enviconment  during  Chattian  to  Agquitanian. Test of larger foraminifors
Leptdocyclina(Nephrolepiding) and Miogypsing are abundan in the lower and upper
parts of the carbonate succession. The internal morphology of the test has been
thoroughly investigated.

Biometric research on Lepidocyelina(Nephrolepiding) reveals many maorphometric
series af f,apr‘:?'r}c}rce‘:':rarHeg;Frm."epMinﬂ,l includes that both the primitive and the
youngest  of Lepidocpelima(Nephrolepicinag) lineage. These  species  are
LepidocyelimafNephrolepiding) proemarginata from Chattian and
LepidacyclinaiNephrolepidinaltonrnoueri from Aguitanian respectively, The variation in
the A-C combination is rather wide along this road, which causes quite a few exemplum
intercentrate determinations, represented by LepidocyclimaiNephralepidinalex. inferc,
praeniar s =g (Chattian) and  Lepidvcyclina(Nephrolepidina)ex.  inferc.
morgani-fodrrouerd (Aquitanian).

Biomelric analysis on Miogypsing reveals that the oldest species ol Misgypsina are
present in the lower part of the Khabaz well-3 and Quarsh Chaug Dagh sequence
represented by Miogypsinoides complanata and Miogypsingides formosensis. The early
Miocene association of the Miogypsing s.s. is often accompanied by associations of
Miggypsinaides. Most of these are close to Mingypsinoides bantamensts. On the basis of
the mean embryon size two types of assemblage of Miogypsinofdes could be
distinguished in the Early Aquitanian sediments. Type | with the smaller cmbryon (] =
110-125 pm) resembles associations reparted from African localities and Type 11 with the



larger embryon (D1 = 210-230 pm) conforms to associations known from the European
stock, The data set for the main lineage of Mivgypsing exhibit a distinct overall change

in morphology of the nepiont, which change is in agresment with the principle of
nepionic acceleration as defined by Tan Sin Hok.

The evolutionary trend in LepidocyelinaiNephrolepiding) species corresponds to the
lineage in the Evrope-Mediterranean area which started at some level in the polygenetic
middle part of the Oligocene continued upwards into the Early Miocene. The lineage
shows progressive complication in preimbryonic chambers represented by an increasing
in factors {C and A;) and decreasing in factor (a).

It is clearly visible that evelution trend in Miegypsing depends on the gradual change
in the mean wvalucs of (X} in encompassing the species, the early frequency of
Miogypying x5, with mean valoes of (X= 9-12), recorded from lower part in sections
associated  with old  Chattian  Miogypsineldes  complanata and  Miogypsinoides
formosenyis with their mean values of (%) between (13-19).

Another frequency of the Miogypsing x5 has occurred in the upper part of Azkand
Farmation with mean values of (X) between (9-11) represented by Miogypsing guricri-
teend, which occurred simultaneously with AMiagsinoides bonramensiz with theie mean

values of (X)) between (10-13)
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Chapter One

INTRODUCTION

1-1 Preface

Many groups of Orhitoidal Larger Foraminifera have been investigated
with the application of hiometric methods, in accordance with the
evolutionary "Principle of nepionic acceleration” (Tan Sin Hek, 1932;
19364, b 1937, Bronimann, |940; Drogger; 1952, 1963).

Recently another theory has been emphasized more strangly. 1t states
(hat evolution shows a step-like pattern, i.c. instant chanpges are alternating
with longer periods of stagnancy. (Drooger, 1984)

The Lepidocyclinidae and Miogypsinidae have been thoroughly
investigated from different areas all over the world (e.g. Drogger, 1963
Raju, 1974; De Mulder, 1975; Gecraels, |o%3: Chaproniere, | D
Gchiavinotto, 1985, Drooger and Laagland, 1986; Drooger ared Rohhng,
1987 Adam,|984, 1987, Matsumara, |90 Rajue, 1991; Wildenborg,
1991 ,: Drooger, 1593 Saraswati, 1994, Ulrike, 1998; Boudagher-Fadel &
Bnanner, 2000; Saraswai & Arunkumar, 2000; Muthukrishnan &
Qaraswati, 2001; Boudagher- _Fadel, 2002; Saraswati, 2003 1. This has
pesulted in @ clear picture of the major evolutionary lincages ol the
LepidocyelinatNephrolepiding) and Miogypsinids. As a consequence we
have a good basis for our more detailed research.

The Dligocene-Miocene carbonates successions. of the northeast Tray
were deposited in shatlow open marine environment during Chattan to
Aguitanian time interval, Tests of the larger foraminifera Lepidocyciina
(Nephrolepiding) and Miogypsing are abundant in the lower and upper
parts of the carbonate succeasion. The internal morphology of these tests
has been thoroughly investigated. We will fry 1o deduce the role of
different evolutionary processes which had shaped the time series

established for our J'.e,':lrrinrwfaﬂnr’ﬁephmhpuﬁnaj and Miogypsina. The



its last sppeatance al the end of the early lower Oligocene (Le. the
Cassigerinella chipolensis- Pseudohastegerina micra Zone of (Bolli |
1966) is found together with the CGlabigering ampliaperturg Bolli and
made their last occurtence immediately below the first occurrence af
Gioboratalia opima Bolli. The Lower Oligocene of pelagic facies in Irag
may be condensed and reduced to few meters. Therefore, the Glohigerina
ampliapertura Zone represents lower fo carly middle Oligocene (Blow,
19693,

The Olipocene carbonate which is called Kirkuk group comprises from
nine Formations [ Anah , Bajwan, Shurau , Azkand, Baba , Sheikh Alas,
Ibrahim, Tarjil and Palani ]. (Bellen et al., 1939). 1t forms a sequence of
reef —contiolled sediments of Oligocene age, in which three separate
cycles * can be distinguished, but Ditmar et al., (1971) laid the thivd cycle
in Lower Miocene{Aquitanian) as shown in figure(l) .

The Miocene sequence in lraq is relatively more represented than the
Olipocene, although it occupied almost the same arca and have the same
trend, but it extends further southward, {Jassim and Karim, 1984},

In the neritic Mcles, the first appearance of Aioppsing marks the
beginning of the Mincene. As well as, the first appearance of Borelis melo
cindica Recheli, Announce the beginning of Middle Miocene, The Upper
Miccene ond the younger sediments, which prevailed over most g i

territory, have a contingntal facies. (Al-Hasshimi and Amer, 1985).
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Fig(1): Litostratigraphic units of Kirkuk Group subdivision s
based on age, facies and the relationships between reef /back reef , fore

reaf and off-shore facies . (Modified from Bellen ct al., [95a).



future reward may be that for at least part of the Oligocene —Miocene
larger foraminifera can furnish evolutionary lineages which are as good as
the zonation based on the planktonic organism.

The Oligocene — Miocene carbonates successions of the Northeastern
fraq are interesting from both stratigraphic and paleontological point of
view. In this thesis, special attention will be paid to biometrical analyses
on the successive entries of representatives of the foraminiferal
Lepidocyclina  (Nephrolepiding) and Miogypsing from Oligocene
Miocene paleontological configurations.

1-2  Geological framework

The Oligocene sediments in Iraq have relatively restricted area of
distribution , and are reduced in thickness too (Bellen, 1956).
The Oligocene is less represented than the Eocene. It oecupied limited
ared, located mainly within the Mesopotamian and most totally missing
{Jassim and Karim, |984). The formations of Oligocene are separated by
break and unconformity from both underlying and overlying units. A
characteristic feature of the Oligocene is the shsence of the molasses
sediments in the fore deep and the relatively namow stripe of their
distribution. On the other hand , the Oligocene together with the upper
parts of the Eocene mark the formation on a new basin , occupying till that
time , mostly emerged Khleisia uplift and the arca of the Stable Shelf in
the north of the Fuphrates river{ Buday,1980). The continuous
sedimentation from the upper Eocene to lower Oligocene, particularly in
the pelagic facies is not confirmed, There is some doubt about it. The
Cassigerinella chipolensis- Pseudchastegering micra Zone of Carebian
{Bolli,1966); P.18 and P.19 zones of tropical region (Blow,1969) and
Globigering tapuriensis Zone and Globigerina selli ~Globanomalina
parbadoensis Zone of Syria (Bolli and Krasheninnkev, 1977) which
represent the early Lower Oligocene are not recognized in the Tragi
sequence. But the taxon Glebanomalina micra which is supposed to make
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The Oligocene carbonate can be correlated with formations in the

surrounding countries as seen in (Fig. 2)

1-3 Location of the studied area

The studied areas which include Kirkuk, Bai-Flassan, Khabaz, and Qarah
chaug Dagh structures, located at the Himmerin-Makhul subzone — Foot
hill zone of the unstahle shelf area. (Buday and Jassim, 1987)

According to Al- Kadhimi et.al. (1996), the studied area is located along
the Himmeren subzone which belongs to the Foot hill zone of the unstable
shelf area, northeastern part of Irag. The carbonate outcrops include Qarah
Chaug Dagh area lies about { 50 km ) to the Northwest of Kirkuk area,
but the subsurface section are represented by different oilfields (Kirkuk
well — 19, Bai-Hassan well — 4 and Khabaz well -3 ), about (10-20 km)
southwest to northwest of Kirkuk eity. (Fig. 3)
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Fig. (3): Location map of the studied area.
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1-4  Data Gathering

Larger foraminifera (Lepidocyeling and Miogypsina) are typically
associated with shallow water carbonate sediment (Azkand and Baba)
Formations and the facies change typically evolved continnously in this
environment, so that it is seldom to find typical Miwcene carbonale
facics(Azkand formation) directly overlying Oligocente carbonates (Baba
Formation) in the same sequence section, therefore the sampling is carried
out from many surface and subsurface sections such as (Qarah chaug
Dagh, Khabaz well-3, Bai-Hassan well- 4, and Kirkuk well-19 sections ),
led 1o a finmer placement of larger foraminifera (Lepidocyclinidae and
Miogypsinidac), from Azkand and Baba Formations. Sampling was
carried out during the spring times of the January 2002, (147} samples
were collected from the whole studied sections, the carbonate samples
have been prepared and analyzed in the laboratories of the Department of
Geology , College of Science |, University of Sulamani (500} thin
oriented  scetions of individed Lepidocyeling  (Nephroleptding)  and
Miogypsina have been made for the biometric research,

The thin scctions of the carbonates of the individed Lepidogyeling
(Nephrolepiding), Miogypsing, and Miogypsineides, have been stored in
the collections of the Department of Geology, Coll No.  Kirkuk -19, -
Bai-Hassan well -4, - Khabaz well -3, - Qarah chaug Dagh respectively .

1-5 Review on Baba and Azkand Formations

1-5.1 Baba Formation

The formation was first defined by Bellen in 1956 from Kirkuk well
{109). Lithologically the formation consists of parous dolomitized
limestones . In surface outcrops the limestone has a chalky appearance

which is mostly massive , with some bedded parts (Bellen et al . 1959
pA7 )



The formation was deposited in the fore-reef area of both the
northeastern and southcastern macgins of the Oligocene basin. Dhitmar
etal. (1971, p.97), claim that the Baba Formation is tepresentative for the
northeastern areas only . Ctyroky and Karim (1971} proved the oxistence
of the formation along the southeastern shore ared around Anah 100
where, according to Hay and Haet(1959) the thickness of the fo rmation is
even bigger than in the northeast fossils are abundant. In the type area
Bellen etal. (1959, p47). recorded the presence of rane Lepidocyeiing 5l
spp. Nusmulites intermeding Sicheli Operculing sp., Rotatia viemnoti, and
Hetrosicging of. assilineides .

The age of the formation, according to Bellen et al. (1959, p.d7) is
middle Oligocene . The tormation overlies in the type arca, the lower
Oligoeene Shurau Limestone Formation conformably.

In the Anah area, the underlying formation is Sheikh Alas formation,
An unconformable contact might be supposed there too. While the upper
conlact in the type area is conformable. The Bajwan Limestone Formation
is the overlying unit. (Buday, 980,

In the Anah area, the overlying unit is Anah Limestone Formation -The
contact is . there pradational and conformable - This hawever, strongly
supports the ideas of  Ditmar et. al (1971, p.96). conceming the rough
identity of the Anah-Azkand and Bajawan-Baba duplets, In easiern [raq
the formation ocours widespread in all wells south west of the Lesser
Zab,on the Kirkuk structure, il also occurs on the Mortheast flank of the
Rai- Hassan structure, and a surface on the Northem dome of the Qarah
chaug Dagh Morthwards, the Baba Limestone is formed in a well No.l
Gusair Mo.1 and wells on the Ainzalah structure (Belien et al., 19539). The
farmation oceurs alang both the northeastern and southwestern shore arcas
of the Oligocene sea, On  the surface it croups cul on the Qarah Chaug
Dagh. along the northeasterm shore region , and along the Euphrates valley
1o the west of Angh, along the southwestern shore area . In subsurface
section the Formation occurs between Adn zala | Bal hassan , and Kirkuk
in the northeast and in AnahHit, Faluja,Dujaila and (MAfag in the
southwest. (Buday, 1980). Although, the Baba Formation has been studied



sedimentologically and paleontologically from different oil fields in Irad,
the late Oligocenc age 18 sugpested according 1o the prevalence of faunas
content .

(Mohammed, 1983;, 1983 Bakkal and Al-Ghreri, 1993; El-Eisa, 1992, 1993,
Al-Guburi, and El-Eisa, 2002).

1-5-2 Azkand Formation

The formation was first deseribed by Bellen, 1956, from the surface
outcrops of the Azkand cirque of the Qarah Chug Dagh structures. The
farmation consists in the type arsl of gencrally massive dolomitic and
recrystallized limestones, generally with porosity (Bellen etal., 1959, p.43)

The same lithology was found in other sections too. The lithology is
conspicuously identical with that of the Baba Limestone Formation. The
thickness of the formation i5 variable, but it is usually around (100} m. The
formation is of a fore-reef facies.

Fossils were relatively abundantly found. Among the most typlcal
Heterostegina cf. assilinoides, Miogypsinoides complanata, and (in the lower
part) Lepidocycling s.|. spp. (Bellen et. al. 1959, p.46) should be quoted. The
formation had been divided into a lower M.‘crg}-pﬂmides-kpfm;wﬁm Lone
and into a higher Miogypsinoides Zone (Bellen ct al., 1959, p. 1 BE).

The presence of Micsypsinoides complanata in the most lower part of the
formation proves its late upper Oligocene age. The lower contact of the unit
with the Baba limestone Formation, in the type area, is unconformable, which
represented only (8m) thickness of dolomitized limestone, while the upper
boundary is usually cotformable and gradational , the overlying formation is
usually the Anah Limestone Formation (Bellen et al., 1959, p.43).

In the western part of lrag, the Anah Limestone formation overlies the
Azkand Formation conformably. Azkand Limestone Formation is developed
in sections along the Buphrates,it also occurs in M.P.C. well Mileh Thathar

Mo. 1. In the eastern part of Trag, 4 few ( isolated occurrences because wells



were not drilled in areas where this fnrmation should oceur extensively below
curface} are found in the Qaiyarah structure i WP wells Gusair Mo. 1 and
Ibrahim Mo. | (Bellen et al., 1959}

The formation is known from surface outcrops in the type structures and
according to Bellen et al. (1959, p.46) along the Euphrates river valley too.
The exaci position of the laler oecurrentes was not deseribied. 1 is pessible,
that some of the outcrops, originally antributed to the Azkand, were later on
incorporated into the Baba Formation. The formation oceurs in subsurface
sections along both the southwestern and northeastern shores of the
Oligocene basin, {Buday, 1980)

A l-Hashimi and Amer{1983) studied the Azkand Formation in Wadi El-
K heskah, Anah  Al-Qaim - area, and  Ibeahim  well Mol West lrag,
Mipgypsinoldes comiplanaia M:‘ngp.-ninm'dr:.r deharit, Rotalia yiennotli,
f.rE';J'f{f{M‘}'L‘ﬂ'f!?ﬂ[?lrrfpﬂ'rrﬂf::‘]nfdfrrﬂj. Heterosteging aniilla Nummutlites vascus,
Miliolidy and Algas, were distinpuished and suggested the upper Oligocene
age of the Formation .

The biosratipraphy and microfacies of Azkand Formation have been
investigated throughly in different Oil fields in north and north west af rag
and proved it's late {}Iig,m:.s.:neaEmrly Miocene age { eg 1.O.C Sraffs, | 988;
Al-Hadad, 1991; El-Eisa, 1994 LO.C. Staffs, 1992; Abid 1997; Al-Guburd and

El-Eisa. 2002).

[-f Historical review nd literature on_Lepidoc wdina

{Ney.‘:mfeg!dinﬂ.j and Miogypsina

1-6-1 Lepfdpcyc?ﬁm{h’ephm!epidfﬁaj

The name Lepidocycling was introduced by Gimbel (1868) and
Nummudites meantelli Morton, 1833 was selectad us the Lype species.
Especially in the first half of the 20" century in the indo pacilic, in America
and in Europe , for hiostratigraphic purposes , larper foramimlera including
Lepidocyeling were highly valued: this led to the ns:uﬂﬂ--chmnnﬁlruligmphi-l:
“ eter stage” classification of the Indonesians Tertiary by Yan der W lerk and
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Umbgrov (1927}, having recopnized the separate [axonomic position of the
Lepidocyeling  group.  Scheffen(1932)  introduced the family of the
Lepidocyclinidae .

vearbeek and Fennema (1 890) were the [irst Lo present a systematic study
of the Indonesian Lepidocyclinidae. . They paid attention to the chamber
from the equatorial layer and to the size of the embryon .

A laege number of later studies deal with the morphelogical features and
for introdluce new species ; H. Douville (1§98) , Newton and Holland (18531,
Sehlumberger (1900) , Lemoing and H. Douville (1904) , Rutten (3911
1912, 1913, 19143, H. Douville (1911, 1924/25), Vaughan(1524), Van der
Vierk (1924,1925, 1928, 1929), Scheffen (1932), Gaudri (1934) and more
recently Eames et al|962) and Cole (1938) . Their discussion centerad
mainly on which of the features could serve as a basis for a “reliable’
taxonomic system . In general Lepidecyelina is subdivided into four
subgenera, based on the form of the embryon Isolepiding , Nephrolepiding,
Exlepiding  and Trvbliolepiding . The last name is invalid and the first one
must be repleced by Lepidocyeling 5.5 Eulepiding clearly represents 4
separate linenge, whereas Lhe other three suhgenera represent more or less
successive stages of the main lineage.

Tan Sin Hok {1935, 1936) was the first to emphasize the importance of the
peri-embryonic chambers for the classi fcation and recognition of evalution.
His analysis of Lepidocyclinid assemblages showed a time related increase in
the degree to which the protoconch s embraced by the deutroconch, and an
increase in the number of chambers formed directly from the deutroconch
(ad-suxiliary chambers ) . He supposed that these trends reflected the
phylogenitic development of the Lepidocyclinidas and he suggested that
statistical analysis of populations should be applied to obtain further
information. Following these suggestion, Mohler (1946) was the first to
vecord data on chambers of auxiliary chambers, on the diameter of the
protoconch and deutraconch, and on the shape of the embryon .

Van der Vlerk (1957, 1959 ab, 1963, 1973, 1974 ) developed the
biometrical approach still further by introducing and or defining a number

of parameters . From all the parameters C, Dy, Dy, B and A ;{ or a similar
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expression Lo indicate the degree to which the protoconch 15 embraced by the
deutroconch) this author finally selected the lastly one of the group as heimng
he most reliable, In 1963 Van der Vierk recopnized that he could not place
the Lepidocyclinids in the arca outside America in either the X or ¥ lineage
of Grimsdale] |959) which had been based on stolon arrangements in the
equatorial chambers . Hence, he concluded that there was only one lireage,
Using only parameter A, without ever stating a range of variation or standard
eprors 1o the means, he tried to show the lime depended change in this factor,
arranging samples from the Caribbean, Europe and Indonesia in supposedly
corpect steatigraphic order . A more detailed investigation of material from
Faet Java and Madura (Van der Vierk and Postuma, 1967} revepls a less
smooth development of A, but the significance of the Huctuations remains
ohscure.

Matsumaru (1971) dealed extensively with Lepidocyeling in Japan,
External and inemal morphology, and the “classical” parmmuists WEKE
studied by using statistical methods, He recognized three lorm groups in the
phylogenitic development of Lepidocyclina, and regarded A as the most
reliable factor and C as the least useful.

Publications  about  European material are  from  Drogger and
Freudenthal( 1964}, Freudenth (1966) and Meulenkamp and Amate (1972),
The first twa avthors found no satisfactory evolutionary development of the
porameters A B, A+B and C. In their opinion C i5 the best, relatively
speaking.

De Mulder {1975) subdivided the Eurapean Nephrolepiding lingage into
three successive species with species boundaties based on mean values of C
and A .

Geerates, (1983) sludicd the biometrical analysis of early middle
Oligocene Neplrolepidina praemarginata and | feterosieging $p. associations
from Spain, suggested two distinet lincage based on the large meah
pratoconchi diameters, Mew parametcrs wis designed (o study the relation
hetween  Heterostegind and  Cyeloclypeus, and proved  tha the
Nephrolepidin agsemblages contain some hi ghly evolved specimens belongs

10 a second megalospheric peneration .



Drooger  and  Lagland{1936) debated  the subgeneric  group of
Lepidoeycling (Nephrolepiding and Eulepiding) from the Mediterranean —
European realm, found to correspond ta no more asingle zone of the larger
[oraminifera and divided the area into five subzones on the basis of the
morphometric development in the gencra Lepidocyeling, Cyeloclypeus and
Miogypsinids.

Adam, | 1987} subdivided Leptdocycling into three subgenera Lepidocycling
{ Lepidocyeling), Lepidocyeling  {Enlepiding), and  Lepidoeyeling
(Nephrolepidina) on the nature and arrangement of (heit periembryonic
chambers, in particular, the presence oF ahsence of adavxiliary chambers as
well as, the evolutionary history of the Lepidocyelinidae is discussed briefly.

Lepidocyclina(Nephrolepiding) from  European- Mediterrancan  ares,
belong Lo & single independent phylogenitic  lincage showing different
evolutionary  velocity ,  which s beginning by Lepidocyelinaii.]
praeeargineta — Lepidocyclina(W.) morgani - Lepidocyeling (N.) lournoueri
. on the basis combination of two pafameters - the degree of embracement of
the protoconch by the deuteroconch (FactorA) and the numiber of accessory
auxiliary chambers on the deuteroconch (Factor C) | Dirooger and
Rohling, | 988}

According (o Matsmary  (1992), some laxa ol the subgenus
( Nephrolepidina) in Lepidocyclinidae are described and iMlustrated from the
upper Miocene in Japan,

Mew method based on the biomelric analyses af the early meanic
equatorial chamber applied by Schigvinottof 19%2) from central Apennines,
Ales, two Mephrolepiding tournceri populations were recognized. Drooger,
(1993} studied the morphometric and evolution of radial foraminifera,
including Lepidocyelina{Nephrolepiding) and Lepidocyclina{Eulepiding) by
using two parameters (A Jand (C) .

The biometric parameters of Lepidocyeling Nephrolepiding) from the
Oligocenc-carly Miocene of India studied 1o evaluate their biostratigraphic
importance, the interrelations of morphometric parameters of Nephrolepiding

are estimated statistically and the evolutienary trend  is  shown by
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Nepgrolepiding appears 10 he & gradual sustained change with imterval of
arrested evolution. (Saraswatl, |994)

Saraswati, {1995) studicd the biometry of early Oligocene Lepidocyeling
fiom Kutch, Indip, shows that biometrically significant distinction cxists
hetween Ewlepiding and Nephralepiding by using factors analyscs and
sugpests that the size of the embryonic chambers, erade of enclosure and
curvature of the common wall together explain the maximum variance in
Lepidocyclines .

The Oligocenc/Miocene larges foramini fera assemblages of lran studied by
Ulrike, {1908 grated that the first appEArANCe of
Lc;:l:‘.;fm:_pf:fr':rr?v.’urpJ'rru.’::pm'a‘ua} consist of several species with Eulepidinis
predominating about ten species been fou nd.

Morphometrie of some Lepidoeyclina foraminifera discussed by Saraswali
and Arun Kumar(2000), they invalve simple arithmetical to puitivariate
statistical analyses of quantitative information expressing size and shape of
the biokogical forms, The grade of enclosure of the protoconch (Parameter A
and the number of aduxiliary chambers {Patameter C) are Found to be uselul
in the definition of the species Nephralepiding in the Indo-Pacific and
Mediterranean regions, The authors proved that the morphometric analyses of
some Indo-Pacific species, suggest that the two gubgensra are distinetly
dilTerent.

Muthukrishnan snd Saraswati, (2001 supposed that Lepidocyelina in the
Indian region is represented by two subgenera,
Lepr':E:Ic_}-c.'h'na.:’.f'-'-:ph.ltu'e,r:fa.ﬁna] and Lﬁpfduqvfﬁnﬂr’ﬁulepm’maj. the
morphometric of these subgenera are debated to exeming if the bwo
subgenera are taxonomically silid and to view of the fact that the aduxiliary
chambers are not visible very ofien.

Boudagher-Fadel (2002) argued the relationships between planktonic and
larger benthonic foraminifera in middle Miocene to lower Pliogene ol
indonesia, fificen specics of benthonic foraminifers arc described and
illustrated with one newly proposed taxon , Lepidocyclina pillaria.

Saraswati, (2003) emphasized the morphometrics of foraminifora, shows

that the maost foraminiferal morphomelrs anc limited to size, duc partly to
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easy measurements and partly to its significance in documenting evolutionary

trends especially in Lepidocyeling,

1-6-2 Miogypsina

The genus Miogypsims name was afficially introduced by Sacco in 1893,
The type species was described [rom a locality in northern [taly, known as
the “Colli di Torino” in 1841 Michelotti had already described specimens of
the same genus from the same general locality , but he classified them in
Mummulitid genera .

In the early decades of the last century several descriptive studies on
Miogypsimg  were  published among others by (Schlumberger, 1900,
Vaughan,1924,; Yabe Hanzawa, 1928), which resulted in a large number of
new species names JThe faxonomy Was entirely based on a typological
species concept . AL that time the phylogeny of this group of larger
foraminifera was a topic of subordinate imporlance.

This changed when Tan Sin Hok (1936, 1937} recognized a lime-
dependent morphological trend in Indonesian Migeypsing on the basis of the
nepionic chamber arrangement, bul Hok also used a typological concept n
hie classification, From his research it appeared that in the course of
geological time the initial gpiral length had been reduced by the introduction
of chambers with two apertures al continuously earlier ontogentical stages
This process went on until the deutroconch was equipped with two apertures,
from which two chambers ariginated simultanepusly, called the principal
auxiliary chambers, in his later publication Hok recognized that these bwo
chambers changed in phylogeny from strongly unequal in size to equality .
Heok introduced the term nepionic acceleration for the time ~bound sequence
of morphotypes in Miagypsing, 1L means that the onest of radial (orbitoidal)
growth or sectorial  growth in Miogpsing — changed to  earlier
ontogenetically stages in the course of evolution.

The typological species concepi in the taxonomical classification ol
Miogypsing was also applicd by later authors {c.g. Bronimann, 1940} A

series drawback of this approach is the introduction of a multitude of species
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names, which around 1950 had resulted in &0 to 70 different Miogypsing
species . This practice naturally did not contribute 1o & ransparent structuee
of the classification scheme Tor this genus.

Drooger (1952) in his thesis on American Miogypsinidoe introduced e
population  concepl  for the classification JIn this way the natural
morpholagical variation within individual species was accounted for. In the
period from 1953 untill 1966 Drogger performed many biometric studics on
Afiogypring, especially from Europian. north Africa and Indonesian localitics

Other investigators, who studied Miegypsing with the same method nre
Souaya, (1961;Egypt) and Raju, (1974;India), but in the fifties ond sixties
micrapaleantalogists like Cole and Hanzawa continsed to use the typological
approach in the determination of the Miogypsinids species

Ujiie (1966) studied the evolutionary lines of Miogene Miogypsinids
population from Japan by using parameters X, y, o, and .

In ench lincage there is an irregular increase in embryon size, but in
addition sudden drops have been documented. Large time-bound shilis in
embryon size were found for Miogypsina as well, such as at the evolulionary
level where Miogypsing 8.5, originates [rom Miogypsinoides (Raju, 1574).

De Rock (1976) presented a detailed study of morphological feature in
Mivgypsing, He found that Mipgypsinoides possesses a well-developed canal
system, wherens in Miogypsing 5.5 such a system is lacking. On the other
hand the later has 2 more complex stolon system than the former.

The biometric method appeared to be a useful wel in the study of the
evolution of Misgypsing and Orbitoidal foraminifera in genecal A through
insight was built up in the evelution of the main lineage of Miogypsina and
of its regional offshoots in the cireum —Meditemancan, Indo-Pacific and
centrnl Ameriean bioprovinees; 20 to 30 spocies reenuined (Dropper, 1961),
all based on nepionic chamber confipurations. Some adjusiments of the
evolutionary scheme of Miogpsing o the Indo-Pacific realin resulied brom
Lhe research of Raju, (1974} and Drooger & Waju, {1978).

Al-Omact and Sadek, {1972 recorded Tor the Firsk ime in Trag Afiagrpsing

5.5, [rom Lower fars (Fatha Formation) thus placing the Lower part of this
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foprmation in the upper Burdugalian stage. . Al-Omari and Sadek, (1973)
identificd Miogypsina 5.5, globuling (Micheloud) for the st time Nwm yhe
Miccene strata in Northern Iraq, based on stalistical study of 20 apecimencs
from Bashiga arca,

The Jeiniled research on the phylogeny of Miogypsing made this genus a
very useful tool for chronostratigraphical correlations, especially on a
regional scale (Drooger, 1956; Drooger & Laapland, 1986),

The biometric study of Miompsing was not merely reshicled 1o its
pepionic characteristics; it also revealed a lot of data on the embryon size of
the studied assemblages, Drooger & Raju (1973) assumed that there is a
positive relation in each Miogypsine species between the mean embryon sizo
and tatitude, which relation might reflect a dependence of the embryon give
on light intensity . The authors further speculated that there could also be an
incrcase of the mean embryon size with depth, an idea later on was
substantiated indeed for several otiver groups of larger foraminifera, such as
recent Heterosteging and Operculing (Fermont, 19770 and by Bickart <l alis
1985). The authors found a more or less pradual increase of the mean
embryon diameter with depth, Actually the depth-linked eline in embeyon
size scems 1o be of 8 more complex, as was shown for Opercnling (Fermont
et al,, 1983). Embryon size would incrcase down o a cerlain dypih limit,
below itz 'evel the size is decreasing again.

A biometric research has been performed on thiny three populations of
Miogypsinids from north laly by  Mortara, (1987), He recopnized  (he
following  associalions: MingypsinaiMiogypsineides) complanalea
Schlumberper, MiompainafM)  ex.infere, complanali-firmasensis,
Miogypaina(M) fonrmosensis Y nbe and anzawa,
Migevpsinal M Jbantanensiy Drooper, Miogypwinafhd ) ex. Intere basracnsiy-
gunterl and Miogypsina(Micgypsing) guneri Cole stitistics treatment ]
significant parameters in primitive single spiraled Miopgypsinid indicated
strong comrelation between X, v, B2/,

Raju, (1991} argued nuwmerical classification amd phylogeny ol the

Miogypsinidie in India from Oligocene-Lower Miveene and subdivided the
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area inta (10) zones with the MiogpsinafMiogypsinoides) bermndezi Runge
Zone a1 the base and Miogypsina(Miogypsina) antillea zone at the top..

The biometrie analyses of Miogypsinidae with their evolutioniry aspoects
investipated by (Wildenboryg, 1991y near Mineo (Sicily) siates that the
morphometrie series of Afiogypsing, is not complete, becouse of the
sedimentary hiatuses and changes in the local environment, The early
Miocene associations sccompanied by associations of Miegypsineldes and
twao types of assemblages of Miogypsinoldes distinguished based on the mean
embryon size.

Boudagher-Fadel ct. al., (2000) described some taxn larger benthonic
foraminifers Miogypsinidae with specislization of Miogysinadella from

Miocene of Bomeo trends,

1-7 The purpose of investigaiion

Olipocene-Miocene carbonate rocks of the (Kirkuk well -19, Bai-Hassun
well -4, Khabaz well -3 and Qarah Chavg Dagh sections) offer the potentials
to investigale the details  substantinl pat of the [Lepidocyeiine
(Wephrolepiding) and Miogypsinids lineages,

The oim of this thesis is 1o study:-
|- The biometric analysis of the Lepidecyeling (Nephrolepiding);

Miogypeinoides and Miogypeing 5.5, .

2- The evolutionary aspects of ihe Lepidocyeling (Nephrolepidinag),
Miogypsinoldes and Miogypsing s.5. More details about the studics 13
given in chapters 3, 4, 5 and 6.
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Chapter Two

THE CARBONATE SEDIMENTS

2-1  The Sections

The investigated carbonate sequences are divided into surfuce and subsurfice
sections as follows :

2-1-1 Surface section

The investigsted Miocene carbonates {Azkand Formation) exposure lics in Onrgh
chamig-Lagh structure which is located obout (30Km) in northwest ol Kickok cily. Al
many places the valley walls are sufficiently well exposed for a meaningful description

and sampling of the carbonaic sediments, (26) samples were collected within an fnterval
between {1-3) meters.{ Figs, 3 and 5)

2-1-2  Subsurface Sections

Three subsurface scctions are chosen o investigate the biometric analysis of
LepidocyelinaNephrolepiding) and Miogypsinids from Oligocene-Miocene carbonste
secliments, these seetions are as [ollows -

I== Kirkuk well-19

Additional information was provided by the Kirkuk well-19 section to ensure from

microfscies of Oligocene Baba Formation. (20} samples are taken within on interval of

one meter.(Fig. 4)
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2- Bai-Tlpssan well-4

{51} samples are token (o investigate the Oligocene carbonate sediments (Raba
Formation) within an interval of one meter (Fi g i)
3. Khabaz Well-3

(50} samples are taken o study the Miocene carbonates {Azkand Formation) within
an interval about one meter, (Fig, 5 )

2-2 General Remarks

2-2-1 -Whole-rock thin-sections

In addition to the ficld observations, which concerned among other things grain size,
sedimentary structures and the degree of indurations, thin-sections of rock samples were
imvestigated to acquire more detailed lithological and micropaleontiological information,
The thin-section, which measure about eight square contimeter, ustilly were made
perpendicularly to the bedding-planes, . This procedure was followed to level down the
clfect of small-scale vertical variations so that a representative picture of the entire rock
sample could be fumished. In some cases additional thin-sections were cut parallel 1o
the bedding-Planes,

The lithological features, microscopically investigated are the grnin size, (he lype of
grains and the texture, The proportion of eoarse grains which measure more than 0.5
mm, provided a useful means for the definition of the coarseness of the sediment, The
term “fine’ corresponds with 0 to 25% of coarse griins, ‘coarse™ means 25-60% of
conrse grains and ‘very coarse’ refers to more than 60% of coarse grains,

For the classification of the carbonaies the Dunham terminology (1962) was used,
which was combined with the elassification of Embry & Klovan {1971).

The total numbers of severs) groups of larger [oraminifera were determinad by
counting them in thin-scetions, Specimen were included in the cownting enly il more
than half of its tests were preserved in the particular thin seetion. The encrusting
loraminifera were dealt with in a di fferent winy; they were counted only il their diameter

in the thin-section exceeded the value of half a millimeter.
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The total numbers of the lurger foraminifora are figured logarithmically because they
Muctugte enormously, viz. between 0 and nearly 130 specimens per thin section. The
thin sections with zero frequencies were not entered in the fipures,

The absolute numbers of the separate taxa of larger foraminifern are not completely
comparable, Because they are slightly influenced by the variation in the scanning
surface of the thin-sections and by the effects of sedimentary processes, such as sorling,
These problems can partly be overcome by wsing the relative frequencies of the larger
foraminiferal taxa. The major drawback of this procedure is that the percentapges are
interdependent. A high relative frequency of one group of foraminifera will squecze the

relative proportions of all other groups, which may result in distoried correlations

between various groups.

2-1-1 Subdivision of larger foraminifera

The frequencies of seven mainly generic groups of larger forpminilera wore
determined. These taxa are:
| -Miampsing 5.5,
2-Miogynsinoldes.

J-Amiplisteizing.

This genus shows a large varfalion in the transverse outline and in the degree of
trochospirally, The morphological diversity of this group probably indicates that it is
polytypical or multispocific.

4- Pararotalia

Two morphotypes can be distingnished, one with a smooth surface and the other with
a pustulous outline,
5« Lepidocyelina

This genus shows a distinet variation in size. Specimens with a relatively lurge
diameter, i.e. larger than 2mm, are present in the lowermaost part of Baba Fornation
(Units 1LID) and lower part of Azkaod Formation (Units ¥V, V1), Individuals of velotively
small size prevail in the upper part of Baba Formation (Units 111,1V), Axkand Forimation
(Linits VILVIIL).
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&- Mummulitidas,
The Numsmulitids comprise the following penera: Heterosteging, Opercaling and
Spircclypens, Both  evoluts and  partly involute specimens were lwnped  in

Heteroistegina, Cyeloclypeus occurs at o few level oily,

7- Encrusting foraminifers.

This entity consists mainly of Acervulinid pencra. Fragments of specimens which
resemble Fictorfella hiave also been included in this group.

Taxa of extremely low frequency have not been included in the counting in the units of

different sections.

2.3 Subdivision of the Carbonates

As mentloned in chapter one, there is seldom 1o notice carbonate sequence which
shows the Miocene corbonate facies (Azkand Formation) overlies direcily the
Oligocene carbonate lecies (Baba Form ation), it it pained, will represent only one of the
facica pattially. Therefore many seclions are adopted to recover the contemporaneous of
Olipocenc-Miocene sequense section, The observations mainly refer to Khaboe well-3
and Bai-Hassan well -4 sections, the backbone of our investigation, additional
information was provided by the Qarah Chauq Dagh and Kirkul well <19 scctions. The
Miocene limestone series (Azkand Formation) and the underlying Oligecene limestone
(Baba Formation) were subdivided into the following (8) units [rom boltom (o top
{ligs4, and 5 )

2.3.1  Subdivision of Olipocene carbonates (Baba Formation)

Oligocene carbonates af the Baba Formation subdivided inte four units which are the

fullowings from the lower part 10 the upper parl of the section .(Fig. 4}
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Unit T: Fine to very coarse bioclastic larger foraminiferal packstone grading fo

grainstone.
(Plate 4, Fig., 1)

The lower part of Baba limestone Formation consists of beds of ine o very coarse
packstone, often grading into grainstones.
The thickness of Unit [, exposed in the Kirkuk well 19 section is aboul | 8meters, The
thin- sactions showed that the averapge prain gize of the coarse ltaction olien exceeds the
vilue of Smm. The course grains are wsually well rounded. Anpgular coarse grains arc
rave, sorting is generally poor when the orientation of the hinclasis is variable, the

coarse fraction of the sediments of larper foraminifera, algae (Melobesioids).

Larger Foramioi lera

The relative fequencies of Lepidocyeling and of the encrusting foraminifers are
much higher in the lower part, its relative frequencies between 22 and 635 and itz large
diasmeter aof  up o one cenlimeter; Lepricloroyelinaf Evlepidina),
LepiclocyclinafNephrolepiding),  Numnudites, Heterosteging, and Operculing in the
upper part of the Unic T (Fip.6)

Interpretation

The appearance of coarse bioclasts of shallow marine origin probably points to
shallowing during deposition of the upper part of unit 1,
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Uit 11 ; Fine to very eourse bioclastic larger foraminiferal packstone

(Ple 1 ,Figld )

The lower most interval in Olipocene shallow water carbonate, charmcterized by
presence of larger foraminilera, was distinguished as Unit [L This part of the suecession
congists of bedded, fine to very coarse packstone,

The thickness of the Unit I, is about (9) meters in Bai-Hassan well -4 and about (®)
meters in Kirkuk well <19, Although distinct fluctuations in the average prain size oceur
throughout, Unil 1T as whole shows a fining upwards trend. |n the lower part of the Unit
11, the relative frequency of the planktonic foraminifera in the associations of smaller
[oruminifers (=p/p+B) is variable with a peak value of 35 percent, especially in Bai-
Haszan well- 4 that indicated as a transitional zone to Tagil formation. The coarse
fraction of the packstone 15 dominated by lurger foraminifera, echinoid and algal
bioclasts, especially the later, which in most cases are of the Melobesioid type,
generally have a subrounded shape,

Lurger Foraminifera

In order to enlarge the data sct for the basal part of Unit 11, some thin sections of Bai-
Hansaan well 4 section were analysed in addition to thin seclions of Kirkuk well-19
scction. Preservation of the larger foraminifera varies moderate to well, the wial number
of the large foraminifera in the analyzed thin sections wvaries between 100 and
| Tspecimens. Lep docyclinalEulepiding), LepidocyclinaNephrolepiding  attaing  ils
highest relative frequencies in the lower part of this unit, once it exceeds 10 percent, In
the upper part the proportion of this genus is 3 percent of more. Ancther groups of
impmtanee is Heterasteging and Operenling with a percentage ranging from 5 1o ),

The group of Pararotalic which constitutes phout 35% in the lower part.(Fip.6)

Interpretation

The types of bioclasts with high PAPBY o indicate that the s diment were

deposited on a relatively shallow, open marine slope or platlorm, The fining upwards
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trend in Linit 11 is probably related to a slight overall deeping of the envirenment or a

shifi 1o a more protected environment.

Unit 111 : Fine bioclastic smaller foraminiferidal packstones
(Plate 1, Fig. 1)

This unit with a thickness of about {11) meters in Bai-Hassan well-4 and (9) meters
in Kirkuk well- 19, consists of vaguely badded, fine and medium-fine packstene, in
which larger bioclasts are very rare (Fig. 4 ), Biowrbation is the most frequently
ohzervable sedimentary structure in Unit [T, small scale burnows are present,

The lower part of the unit are marked by the increase of the grain size, above this the
trend is reversed: coarse packstones vary to median packstones, Large bioclasts were
met with in the basal part of unit which makes this sediments grading into a floatstone,

The large components are algal, encrusting foraminifera and large foraminifera.

Larper foraminilera

The relative frequencies of Lepidocpeling and ol the encrusting foraminifern are much
higher in the lower part of Unit 1L, Lepidecyeling is & very characteristic element of the
unit by its large relative frequencies between 25 and 73 percent and its diameter about 5

millimeter and the Nummulitids remain present in the lower part of Unit 1IL{Fig.6)
Interpretalion

‘The appearance of large bioclasts of shallow marine origin points shallowing during
the deposition of the lower part of Unit 111 and continues the shallowing during the

deposition the upper part of the unit for the pecurrence of coral paiches.

Unit 1V : Fine bioclastic smaller foraminiferal wackstones to dolostones
{Plate 3, Fig.2)
This unit has a thickness of about 35meters exposed in Bai-Hassan well -4 only. The
lower parts are dolomitized, showing very clear grains of rhombohedral grains of
dalomite, The upper parts of unit characterized by the relative frequencies of

Lepidacyelina, bul with bad preservation,



=

b

Larger foraminilera

The relative frequency of Lepidocyeling in the upper part ol this unit, which subjected

i dolamitization., the lower part are dolomitized without fossils.(Fig.b)

[ntemretation

The appearance ol dolomite in the lower part of this unit indicated for shallowing

during the deposition and the formation of zabhlka environment.
2.3.2  Subdivision of the Miocene carbonates (Azkand Formation)

The Miocene carbonates of the Azkand Formation subdivided into four units which

are the following from the lower part to the upper part of the section:

Unit V : Fine bioclastic smaller Foraminiferal packstone
{Plate 1 , Fig.2 )

This unit with a thickness of about (36) meters in Khabaz well-3 section and (24)
meters in Oarah chugh Dagh section consists of porosy bedded fine and medium-fine
packstones, which larger bioclasts are very rare. The thickness of individual beds varies
hetween {35) cm and (1) meters.

Rioturbation is the most frequent; both small and large scale burrows are present. The
jower (107 metee of unit ¥ are marked by a decrease of grain size, especially in Khabaz
—well 3 section. above this {10} meters the trend is reversed ; Fine packstone are
replaced by medium fine packstone, which are followed by coarse packsiones in the top
part of Unit .

The relative frequency of the planktonic foraminifera is present in the lower part of
the unit, especially in Khabaz —well 3 section. Bioclast larger than a millimeler are nol
commen, bul the large bioclasts in the basal part, which makes this sediment grading
into a floatstone, especially in Qarah chang Dagh section, the larger components, ane
cotal packstones and echingid [ragmenis with crusting foraminifera and larger

[oraminifera.
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Larger Foraminifera

The relative frequencies of Lepidocycling is rare, attains proportions between (3) and
{25} percent and its larger diameter of up to (1) centimeter, Miogypsing and
Miogypsinoides, Amphisteging and the Nummulitidae { Heterasteging and Operculing

remain present in the lower part of Unit V.(Fig.7)

[nterpretation

The disappearance of comse bioclasts of shallow maring origin painis to deepening
during the deposition af the lower part of Unit [ Renewed swillowing during the
deposition of upper part is suggested by appearance af dolomitic limestone especially in

Oarsh Chang- Dagh section .

Unit VI : Fine to very coarse bioclastic larger foraminiferal packstone
{Platc 4, Fig.2 )

The thickness of Unit V1, which amounts to about (10) meters in Qarah Chaugh Diagh
section increases to about (13) meters in Khabaz well -3 section. The lowermost interyal
in the Khabaz well <3 section characterized by the presence of larger foraminifera was
distinguished as Unit V1L This part of the succession consists of bedded, fine o very
coarse packstones.

The thickness of the individual beds varies between (50) centimeters and (2) meters.
A gencral investigation of the smaller benthonic showed thal trochospiral and
planispiral types clearly outnumber the serial ones. Usually the average grain size of the
coarse part of the carbonate sediments is smaller than five millimeter, only once in the
thin cxtremely coarse zone near the base of Unit WL The coarse portion of the
packstones s dominated by larger foraminifera and Algal bioclasts which have
subrounded shape.

Larger Foraminifera
Preservation of the larger foraminifera varies from poor (o moderately well, the total

number of the larger foraminifera in the analyzed thin sections varies between {16 and

(2511} specimens.
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Miogypsinaides attains its highest relative frequencies in the lower part of this unii,
once it exceeds (30) percent, The group of Pararoralia which constitutes about 40% in
the lowest of the Unit V1 in Qarah Chugh Dagh section, Another group of importance is
Amphisteging with a percentage ranging from {3) to (13), The Mumunulitids are met
with Heterosteginid and Spiroclypens types in the lower parl and Operculing in the
upper part, the frequency af LepldocyelinafEnlepiding) and
LepidocyelinafNephrolepiding), do not reach (1), but in the lowermost ncters exceeds

the (30) percent level(Fig. 7}

Interpretation
The type of bioclasts, indicate that the sediments were deposited on a relatively

shallow, open marine slope or platform, The fining upwards is probably to slight overall

deepening of the environment.

Unit VII: Very fine to coarse bioclastic larger foraminiferal packstones to
grainstone.

(Plate 2 , Fig. 2 )

The upper units in the Qarah Chaug Dagh and Khabaz well -3 sections consist of
beds of fine 1o very coarse packstones, often grading inlo grainstones.

The thickness of the individual beds ranges from (407 centimeters to (1) meter at the
top of Unit W11 in Qarsh Chaug Dagh section,

Large scale tvpes of burows are present with diameter varying between (Z) and {3)
centimeter, Coarse calcarenile grain size are dominated in the lower part of Umit Vi
replace by medium fine calearenite toward the upper part of this unit.

The thickness of Unit VI in the Khabaz well 3 section is (15) meters, while in (arah
Chugh Dagh section is about {12) meters. Thin sections showed that the average grain
size of the coarse fraction cxceeds the value of two millimeters especially in the lower
part of the unit but it is never larger than two millimeters in the upperparts. The coarsc
grains are usually well rounded, The orientation of the bioclasts is variable and the
coarse fraction of the sediments consist of the clasts of larger foraminifera, Echinoides,

Alpae {Melobesioids)
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Larger Foraminifera

Many larger foraminifowra wer2 found in the lower parl al unit, these arc
|',:?,md{,u:pn'ﬁnﬂ{."a’c-p}rmﬁepfﬂl'm{j. Amphislegind. [leterosiegiin, Pararotolia
Miogypsiona 5.5 and Miogypsinoides, that the later increase their percentage toward the
upper part of the Unit V1.

The number of larger foraminifera in the cections of this Unit VI is greatet,
sometimes approximately the value of (300,

Miogypsing 5.5 duminates the assemblages in the upper part sample. ls relative
frequency varies between 0-60%, Amphisteging complements {hese associations, there
- drastic changes which are secn in the propottion of both genera. The proportion of
Miogypsinoides conlinues o increase In the zome of relatively low frequency of
Mingypsing 8.5,

The relative frequency of Lepidocycling (Nephrolepidine) inereases bo about 60% &t
the fower part of unit with the associations of encrusting foraminifera { Heferosieging)
AFig. T
| pterpretation

The swallowing trend way distinctly prolonged during the deposition of the larger
part of unit as indicated by the continuation of the coarsening upward trend and the
coarse  grained carbonated  accumulated in a shallow qublittoral open  marine

Enyironment,

Unit V111 : Fine to coarse bioclastics packstone (0 boundstone.
{Plaic 2, Fig. 1)

This unit with a thickness ghout (34) meters in K habaz well -3 sectian and about (13)
meter in Qarah chaud Dagh section, consisi of vaguely bedded [ine 0 medium
packestone in which |large bioclast are very rare. The lower part of the unit ane marked
by fine —medium packestone which are followed by coarse packestone in the op part ol
Unit W11, Biceclasts fraction consist of Lgpfdzﬂ-v.!mu{Nﬂphﬁﬂfephfr‘nu,.l. Miogypsinoides
and Miogypsing 5.5 encrusting foraminifera, Pararotalia, coral patches which make

this sediment grading into 2 floatstone,
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larger Foraminifera

The relative frequencies of Lepldocyeling (Nephrolepiding, which is rare in Unit
VIII, attain proportions between (5) and (16) percent, Miogypsingides remain present in
the upper part . The coral parts are very commaon in this unit in both Khabaz well 3 and

Qarah chaug Dagh sections are marked for the reef building zone.(Fig.7)

[nterpretation

The presence of larger foraminifera and the abundance of coral patch indicate for the

shallowing marine envirenment, during the deposition of this unit.

24 Paleoenvironmental Consideration

Although of no immediate importanee to our study of the larger foraminifera, some
remarks can be made about the sediments of Units (1 and 11},

The negative trend of the average grain size and the presence of cross-bedding in the
lower part of Unit (1), point to a decrease of the hydrodynamie energy and probably to a
slight deepining or a more protected position on the slope or platform during the
deposition of this interval and the positive percentage of planktonic foraminifera in the
lower part of Unit (1), may be continued during the sedimentation of the lower interval
(Tarjil Formation) . Simultaneously the sedimentation of medium packstone was
replaced by accumulation of fine packstone and the absence of gla uconite suggests that
the sedimentation rate increased considerably renewed shallowing as suggested for the
upper parl of unit 1 and continued to the Unit (I1), this interpretating is based on the
increase of the average grain size and the massive retum of the larger foraminifera and
of other bioclasts especially, Lepidogyelina(Nephrolepidive), Nusandite infermedius,
Qperculing, Helerosieging, typical of the shallow marine realm. The upward decrease
of the depositional depth is disputable for the upper most part of Unit (I} in Bai-

Hassan-4 section, in which the increase of the average grain size does nol continue.
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However , in Kirkuk well- 19 section coarse packstone dominate the carbonates up to
the highest level in Linit (D), the lateral changes in grain size point to an increase of the
hydrodynamic energy in the direction of Kirkuk well-19 section, the appearance af
porously dalomitic limestone in the lower part of Unit (111), indicate the sedimentation
rate because very low and the hard grounds near the top of the carbonate sequence.

The hard ground at the boundary between the Units (1) and (V) may represent the
final expression of the shallowing trend during the deposition of the carbonate slope or
platform in the Bai-Hasan well-4 section but this shallowing is expressed roughly in
Kirkuk-well-19  section, because of the sppearance small  size  of
LepidueyelinaiNephrofepiding) and coral patches in the lower part of the Unit (W) The
depositional environment of the Oligocene carbonate (Baba Formation) can be
characterized as a part of an isolated slope or platform area, where open LN
conditions prevailed throughout,

As mentioned Tormerly it is uncommon to see the Miccene carbonate Unit (V)
onlape the Oligocene Unit {IV) because of lateral and upward facies changes as result of
coral- building Ferm deposition type of the lower Miocene epoch and reduction the
Mivcene basin if compared with upper Oligocene basin, although the transition from
unit {TV) te Unit (V) our data supgest the possible deepening trend during the deposition
of Unit (V). This view is supported by the further increase of relative frequency of small
foraminifera in the lower part of Unit (V). Simullaneously the sedimentation of medium
packstone was replaced by accumulation of fine packstones, the large Lepidocyelinids
in the lower part of Unit (V) may have arrived by mass transport during the Miocene
transgressive. Renewed shallowing the upper of this unit is based on the increase of the
average grain size and the massive return of the larger foraminifera and coral patches
suggest that the carbonate build up remained far from any coast line.

The upper part of Unit (V) and Unit (V) from a shallowing has been suggested. -
upward sequence. Although the depth rmanges of our taxonomical groups must have
shown considerable overlap, some differentiation in their stratigraphical ranges are still
visible.

Mast of the packstone in Unit (V1) must have accumulated in shallower, marine
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enviranment, which is coneluded from the presence of large size burrows and numeraus
clasts ol organism living in the photic zone, In such an enviranment it may be expected
that bioclasts were laterally displaced , as in lower part of Uit (V1, the dominated for
the Lepidocycting bearing Noatstone and Numuliticae {Hierosieging, Spireclypens)
which have subrounded shape.

Relative to unit {¥1), the thin-section of Unit {V1I) shows a higher diversity of the
foraminiferal assembiages, Bryozoans and encrusting foraminifera are nearly absent,
Pararotalia and the Heterosteging are restricted 1o shallowest basal part of Unit (V1)
The deepening trend we suggested for the middle upper part of Unit (V1) is carbonated
by relative peaks of Amphisteging and  Miompsing 55 followed by a
Lupidmw{im{?ﬂ'&pﬁdmkpfn’mm maximum in the lower part of Gnit (VI), judging that
this unit accumulated in a shallow sublittoral open marine cvironment,

During the deposition of Unit (VII, probably the presence of larger foraminifera
such as Mioppsinidae and LepidocyclinatMephroleplding) encrusting Foraminifiera,
Crustose eoralline algae, indicate the existence of a solid subsirate. The hard grounds
near the top of the carbonate sequence indicate that the deposition even ceased for a

white or may represent the final expression of the shallowing trend during the

deposition of Unit (W11
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Chapter Three

BIOMETRIC ANALYSIS OF  LEPIDOCYCLINA
(NEPHROLEPIDINA)

3-1 Introduction

In this chapter the marphometric data of the Lepidocyeling (Nephrolepiding)
are discussed. Most investipated Lepidocyeling (Nephroleplding associations are
derived from the sections such as Kirkuk well-19, {(Units |, [1 and 11}, Bai-Hassan
well4 {Units 1, 111 and 1V), Khabaz wefl-3 and Qarah Chaug Dagh {Units
VYLV and VII) .

The samples are oo strongly indurated and dolomitized for us to isolate
individual larger foraminifera, therefore we sampled semi-weathered rock
materials, from which the larger foraminifera could be gathered easily, and thin
sections were made for each sample, especially for samples are too hared and rich

in Lepidocycling (Mephrofepiding) individuals.

3.2 Methods of investigation

Thin sectione were made for each sample especially those sticks of sample
which contain  the oriented{equatorial) sections for  the Lepidocyeiing
(Nephrofepiding). Twelve slides were made for each sample to be sufficient for
statistical analysis .

In this manner (404} oriented equatorial sections were prepared and are
representative  of LepidocyelinaNephrolepiding), which  has been drawn by
means of digital camera with enlarging of (15-40X) for all specimens, The

samples which are rich in the Lepidicyelina(Nephrolepicing) minimum (%)
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ohservations were studied on each parameters, A, C, Dy, Dy, R, and @ counls
were made from the drawing using a plastic ruler and angle —protraclor.

Counts  and  measurements  on the  early chambers ol
LepidocyelinafNephrolepiding)  were performed nccording to the procedures
described by Drooger(1952), Drooger and Freudenthal (1964), Van der Vierk &
Gloor, {1968 Meulenkamp & Amate (1972), De Mulder, (1975); Drooger and
Rohlding, 1987; Drooger,(1993); Qaraswali, (1994) and Saraswati and
K umar,{2000)

The paramecters used by these authors are heiefly reviewed and their

steatigraphic valueare discussed.

3-3  Parameters of Lepidocyclina(Nephrolepidini}

3-3.1 External features

The Lepidocyclinids generally possess a reasonably well preserved outer
morphology. The diameters range from (1- 12) mm, and there is & relationship
hetween diameter and internal features, The larger specimens proved [or the
greater part  beélonged to the subgenus Ewlepiding, whereas amongst the smaller
specimens the frequency of Nephrolepiding showed to be higher. Saddle forms
and specimens which showed pillars at their surfaces also belonged to Exlepidina.
qmall forms with topography constellated test all proved to surfaces with mare
angular or a more rounded periphery, were more or less equally distributing
among the two subgenern. Especially in forms with more angular periphery  the
center is relatively more thickened than in specimens with 4 rounded periphery |
which show a more gradually center wards thickening

3-3-2 Internal features

Fipures (8.a,b ) shows the intemal features on which counts and
measurements in median sections of Lepidocyclina(Nephrolepiding) specimens
are hased, The figure alsa gives the terminology of the peri-embryonic chambers.

The definition of individual chambers are as follows:
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Protoconch: initial chamber (1), deuteroconch: second chamber (2) formed from

1. nuclenconch{embryon): | and 2 together.,

PAC:  Principal auxiliary chamber formed from 2, and resting on | and 2.

AACK: accessory auxiliary chamber; formed from 1, AACHL: ad-auxiliary

chamber formed from 2.

: m G

(b)

Fig.(8) :a- Schematic drawing showing the methods of measuring and coun-
ing the intemal features in Nephrolepiding. b- Methods of measure-
ing the degree of embracement in the embryonic chambers, A, the
length of common wall is measured from vy to va, A, from ) to I
{after De Mulder, 1975 and Drooger, 1993),
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[¥: maximum diameter of the protoconch in pm, measured at right angles o a
line connecting the centers of 1 and 2. Hall of the thickness of the wall is

included.

D), : maximum dismeter of the deuteroconch, measured at right angles to the
connection line between the centers of 1 and 2. Alsa in {[4) values, hall of

thickness of the wall is incloded.

DD, reflects the relative size of both embryonic chambers.
K: degree of curvature, caleulated from the formula:

R = |4 hiw. In this equation (w) is taken along the line connecting the
attachment points of the deuteroconch to protoconeh. Generally, (w) and (h) are
measured along the maximum height of the protoconch that is inclosed by the

deunteroconch, measured at right angle to w.

o« 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 hypathecal ling from the center of the protoconch theough the outer
altachment points of the deuteroconchal walls with the protoconch (Fig &, fiand
F). o can be measured easier than A, but in not well-rounded protoconches the
pasition of the center is rather arbitrary.

The mean number of accessory auxiliary chambers and the average degree of
the embracement show sustained changes towards higher values from older o
younger deposits. Therefore, these parameters have been used to define the siage
of phylogenitic development and the relative age of Lepidecyclinid assemblages.

The mean of (D) and (Dy) from a stage patiern of increasing values, As o
consequence, they can not bie used for detailed correlations, The average degree of
curvature (R) may offer possibility for biostratigraphic correlation, but the

standard deviation for R appears to be considerably higher than those calculated
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for A. The same holds for parameter o, which is another form 1o express the
degree of embracement of the protoconch by the dewteroconch,

[n order to compare our results with those mentioned in the literature, our
species assigmments were primarily based upon (C) and (A values. (A, Jand (A)
in praclice, both methods produced consistent results, Because Van Der Vierk

(1964) preferred A; whereas Drooger & Freudenthal {1964) used A,

3-3  Counts and measurements on the embrvonic — nepionic
stage and the relation between parameters

(396) megalospheric specimen, from (34) samples were subjected 1o
biometric analysis in the studied area, The resulls of counts and mersurerments are
recorded in tables (1- 4) , For Europian Neplrolepiding, (Freudenthal, 1964;
Lrooger and Freudenthal, 1964; Drooger and Socin, 1959) reported an over all
but shows an imegular increase in the average degree of embracement of the
protoconch by the deuteroconch (A) and in the average number of ACCERSOTY
suxilliary chambers on the dewteroconch (C) in the course of lime. The
representative of  Lepidocycling (Nephrolepiding) in different sections s
discussed below,

The names for the morphometrically defined species units have been selected
from the older literature, in which a large number of species names were
established an a purely typological basis and on the basis of characteristics that
were never expressed numerically. Especially features of the exterior. such as size
and shape of the test and pustules, were used by the earlicr authors, such
characteristics are considered nowadays to be largely environment-controlled and
of subordinate laxonomic value,

The species designation of intermediate assemblage is ignored in De Mulder's
(1975) classification in order to reduce the number of exemplum intercentrate

determination,
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In this study, the variation in the A—C- combination is rather wide along this

road causes quite a few ex.interc, determinations as scen in (tables 1, 2, 3 and 4),

3.4-1 Kirkuk well-19 section

This section includes the Units (1, 11 and 111} of the Oligocene carbonates,
(Baba Formation). Seven samples of the section are rich in Lepidocycling
(Nephrolepidina) assemblages which show an increase in the {A;) and {C} values
when we introduce from the lower to the upper part of the section that may be
indicated to the presence of different specics. The scatter diagrams of the (A-C)
and {12:-0) are ploted in (Figs. % and [0} which show dilTerent style of
correlations, In Unit |, the samples {1, 3 and 11) have weak positive correlation
with a probability between 95-890%, the A;and C values range between (A1=35-
40, ('=1-3) respectively, which have the characteristics of
LiN Jpraemargimata, (Plate 5 Figs.1-6, Plate 6, Fig. 12 ), While in Unit [1, the
samples (14, and 16) huve a clear visible and strong correlation with the values
(A= 39-4|, C=2-4}, They can be classilied in the characteristics of L. ex. interc.
pracoarginata-morgani (Plate o Figs 1-4. ), but in Unit {111}, of the upper par
of the section which is represented by the samples{ 18 and 20}, have a strong
positive coreelation with the values ranging between {Al= 40-45,C=53-5.25) may
be referred to L./N.) morgani, (Plate 7, Figs.1-4 ).

The scatter diggrams between (D2} and (C) of the samples (1, 3, |1, 14, 16, 18
and 20} show a strong positive correlation. (Fig, 10) which indicates difterent
BpeCies.

The scatter dizgrams for the (C-0t) show negative comrelation.(Fig. 11 ). The

lower part of the section which is represented by the samples (1, 3 and | 1) reveal

a weak negative correlation with values of the (C) and (2) range between {C = |-
3, @ >208) respectively. While their values in the middle part in the samples {14
and 16) and ranped between (C= 2-4, @0 = 199-208), whereds the samples (18 and

20) contains the individuals their C and & values ranged
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berween (C= 5-5.25 and @ = 192.5-199). The values of (T - -} relation indicate

for species correspond on which resulted from the values of (C) and (A

The means of (A-Cy y (C-Da) show a distinet positive correlation, (Figs, 12
and 13}, no significant sethack occur in the lower part of the scction. In contrust
with the relation between C and (m). (Fig. 15), shows the absepce of significant
positive correlation between the means of (C) and (e} per samples seems (o be an
arbitrary positive correlation. As to the relation between the seven assemblages
showing that both parameters are positively correlated, with a prebability of more
than 99%. The observations suggest that the number of accessory auxiliary
chamhbers con aot be proved to he strongly dependent either on the degree of
embracement or on the diameters of the deuteroconch, This conclusion is in fair
apreement with the observations by De Mulder{1973) from Olipocene of the
Jonian island, Greece,

The species in this section are distributed based on the (A7) (C) and {0t )as the

following ;-
Species AT O o
L., praemargimla I5=A5 <40 1=C=3 =308

L.ex. iniere praemarsinata-morgan] 39<A" <41 2<(C<=4 [ 99= =208
L. porgani Q<A <4S 3<C'<5.25 192.5< <199

The histogram of A; and C classes are plotted in  Fig.15), which shows the
unimodal and fairly normal distributional patterns Tor most of the samples, The
irrepularitics in the (C) histogram might be explained by the low number of
phservations in comparison to the wide variation and for the inaccuracies in
counting the number of accessory auxiliary chambers. However the wide

variation and skewed character of the samples may as well be explained by
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mixing of more positive and more highly developed assemblages. The discussion
of histograms is listed below:

in the samples (1,3 and 11) of the Lnit I, the histograms have the unimodal
shape that the (A Jand (C) values are ranging from (35-40) and (1-3) respectively
may indicate to one type of species which is related to the L.(N.) praemarginata,
The samples (14 and |6} of the Unit 11, have the bimodal shape with the values of
A; and C ranging between {3941y and (2-4) respectively, this indicaies an
intermediate  position  between two Lype of the species situated between
LN ) Praemarginaia and LiN Jmorgani that have both characters in A; and C
values which is named as Lex. infere. pragmarginaia-morgani, but the upper part
of the section represented by the samples (18 and 20} of the Unit T have the
unimodal shape with (A=40-45, C=3-3.25} values coresponding to the values of
thie L. (. Jmarien,

Therefore the values of {A; Jand (C} in Kirkuk well-19 section are in fair
agreement with the range of (A Jand (C) values with the observation from all
the world by(De Mulder,1975; Drooger and Rohling, 1987, Drooger, 1993,
Saraswati and Arum Kumar,2000)

The average degree of embracement of the protoconch by the deuteraconch (A
) and the average gumber of the accessory auxiliary chambers on the
deuteroconch (¢ ) show an increasing of the data from  the lower pant o the

upper piart of the section, and the species are located based on the C, A also the
mean of 5 and another parameters reflecting the degree of embracement of the
embryonic chambers show a successive of decreasing values, for example the
samples (7 and 15) of the Unit (11} which shows that the values of () are more
than (208), which is related (o the L. praemarginaia, bt from the samples (18,
19 and 20} of the Units (I and 111}, the values of (@)decreased and ranged

between (199-208) which are close to Lo ex. drerc. proemarginala-morgant,

whereas the upper part of the section especially the samples (22 and 23)
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of the Units (111 and 1V) the decreasing of the @ value was very clear and ranped
hetween (192.5-19%which corresponds 1o the L. merganl. [ Table- 1)

In contrast the average degree of curvature of the common will betwesn the
protoconch and deuteroconch (R) has a less regular pattern of increasing values.
Mo clear trend s obscrved in the average size of prowoconch (D) amd
deuteroconch(Ds), (DD pvalues are not actually changing in the lower part of

the section, but in those obtsined for the sample (20} is significantly

higher.(Tablel}

1.4.2 Bai-Hassan well-4 section

This section consists of the onits (11,111 and [V} of the Oligocene carbonates
(Baba Formation), eight samples only are rich in L) from the lower Lo the
upper part of the section, which are subjected to biometric analyses by using the
parameters values (A-C and Do-C In Unit 11, the samples (7, 15 and 14) show a
strong or & weak positive correlation (Figs, 16 and 17) the values of A; and €
range between (A=35-40, C=1-13) respectively which have the characteristics ol
the [ (N} praemarginata (Plated, Figs.7-12}, while the individuals in the samples
(18,19 and 20) of the Linits (11 and 111y show the increasing of values of A, and C
range between (39-41, and 2-4) respectively which will be refevred 1o Lexintere
proemarginata-morgani in this part of the section (Plate 6, Figs. 3-11). But the
upper part of the section Units (111 and 1V) represented by the samples (22 and 23}
have the means value of C about {5-5.25) and A; (40-45) may be marked to the
LN morgant. (Plate 7, Figs. 3-7).

(I3} and (C) relations are plotted in (Fig. 17), their values correspond with the
species that located in the relations helween (A and (C).

The scatter dingram for the (C-m) show negative comrelation. Fig. (18). The
lower part of the section represented by the samples (7, 15 and 16) reveal u strong
negative correlation with values of the U and o range between (C=1-3, w=204)

respectively. While their values in the middle part in the samples (1, 19 and 20)
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Table(1): Results of Counts and measurements on Seven Nephrolepiding assemblages

from the Oligocene Carbonates, (Baba Formation) in Kirkuk well-19 section

M = Mean of the value, N = Number of observation.
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ranged between (C =2-4, 0= 199-208) whereas the samples (22 and 23) containg
the individuals their € and o values range between (C =3-5.25 and @ = |92.5-
199y, the values of (C - « ' rolation indicate for species correspond on which
resylted from the values of (C) and (A},

The average means of (A,C) and (D) shows a positive correlation, (Figs.19
and 207 respectively, while the average means of (CTo) show B reverse
comelation, (Fig-21)

In order to support the results, the histograms of { Ay ant (C) elasses are plotted
in {Fig.22), which show unimodal and faiely normal distributione pattern for most
of the samples. The regulatity in the (C) histogram might be explained by the low
qumber of ohservations, in comparison with wide variation and for the
inaccuracies in counting the number of accessory guxiliary chambers, However,
the wide variation and skewed character of the (C) histograms of the same of the
samples may as well be explained by mixing ol more primitive and more highly
developed assemblages, In the samples (7,15 and 167, there is an unimodal shaps
of the histogram in both values of Ajand © which are ranging from (35 to 40 and
(1 to 3) respectively, these values correspond to the L(N jpraemarginald, the
samples (18,19 and 20) of the {unit 1i and 111} have the bimodal shape with the
v lues {n.=3'§-4l.'C-2-4} that are related to the species, situated between L. (V)
procmarginaria  and L (N Jmorgani, which are named as Leximtere
praeaariginata-morgant bul the upper part of the section (Samples 22 and 23) of
the Unit (V), with the values of {(A=40-45, C<5-3.23} which have the unimodal
shape are close to the characteristics of the L (N} margani.

Therefore the (A} and (C) values of this section i this study cormesponds with
the range of (A;) and (C) values that mentioned by (De Mulder, 1575 Drooger and
Rohling, 1987; Drooger, 1993; Saraswati and Arun Kumar, 2000} from the
different part ol the world.

The average degree of embracement of the protoconch by the deuteroconch

{A,) and the average number of the accessory auxiliary chambers on the
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Fig(19): Relation between C amJ".:'L-i mean values for eight selected
Nephrolepidina nssemblages in Bai-Hassanwell-4 section,
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Fig.(Z20): Relation between C and [: mean values for eight selected
Nephrolepiding  assemblages in Bal-Hassarmwel -4 section
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Fig.{21): Relation between C and @ mean values for cight selected

Nephrolepidina . assemblages in Bai-Hassanwell-4 section
aitos incicale their siratigraphic arder.
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Fig.(22): Histograms of A, classes and of C classes for eight selected Neph .
assemblages in Bai-Hassan well-4 section ephrolepidina
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deuteroconch (C ) show an increasing of these data from the lower part to the
upper part of the section, and the species are located based on the {C), (A and
(ee) but the degree of embracement of the protoconch by the deuteroconch (o)

values decreased from the lower Lo the upper part of the section.{ Table 2)

The species of this section are distributed aceording to their mean values of (Aj,

C and mas the following :-

ﬁp'l:l:i'l'.'-.ﬁ A-i i f]-

Lo proemargingid 35<A5 =40 | =<1 208< o
L.ex. interc.praemarginata-morgani 39 < A5 <41 2= 4 199 a'=208
L wowgani A A5<45 s<(<525  102.5<a<19

For Furopean MNephrolepiding that ave reporied on over all, showing an
irrezular increasing in the average degree of embracement of the proteconch by
the deuteroconch (A:) and in the average number of accessory auxiliary chambers
an the deoterogonch (C) (Frendenthal, 1964; Drooger and freudenthal, 1964 !
Drooger and Socin, 1959) , but in this study there is & repular increasing of (A
yand (C) values when introduced from the lower pact to the upper part of the
seCtini.

Also the mean of o, shows a successive of decreasing values, from the lower to
the upper part of the section, the values of o are ranging from (227.6) in the lower
part of the section (sample T) to (194.9) in the upper part (sample 23), these
ranpes may give indication to different species which are distributed from the
lower part to the upper part of the scction, represented by L. proemarginate, L. ex.
ntere. praemarginaia-morgani W the L morganl In contrast the average degree
of curvature of the common wall between the protoconch and deuteroconch (R}
has 2 less regular pattern of increasing values. Mo clear trend is observed in the
average size of protoconch (D) and deuteroconchiDy), (DafTy walees are not

actually changing in the lower parl of the section.{ Table,2}
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Table (2): Results of Counts and measurements on Eight Nephrolepiding assemblages
From the Oligocene Carbonates | (Baba Formation) in Bai-Hassan well-4
section. W = Mean of the value, N = Number of observation,
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3-4-3 Khabaz well-3 Section

The Units (V.¥YLVIl and VIII} are the subdivision of this section from the
lower part to the upper pact, the rclations between {A; , C) and { D) for
Nephrolepiding individuals from (" 12) samples are plotted in (Figs, 23 and 24)
respectively, showing a weak or a strong posilive correlation or no correlation.
The individuals in the samples (7, 16 and 22) ol the units (¥ and VI) have a
strong positive correlation, in which the values of A; range from (40 to 45), and C
values from (5 to 5.25), these values will be referred to L morgani{Plate 7,
Figs.B-9, Plate 8, Fig. 3 ), while the samples (18, 31, 32, 35 and 34) of the units
(W1 and V1) have individuals with the values ol A, and C, differ from that in the
samples of the lower part of the section, ranging between (A=44-46, C=3-3.5),
with no correlation oF a weak positive correlation, these individuals are siluated
between L morgani and L _lownewerd, which 1z named L, ex imfere. morgani-
somoweri (Plate 8 , Figs.4-9, Plate 9, Figs. 2-3 ), the upper part of the section
(units VII and VIIT) which is known by the samples (37, 42, 49 and 50}, we
recognized that the values of A, and C have been increased (= 45, and >3.25})
respectively, and show a strong positive correlation, in addition the relations
between [h and ©, and their values from the same samples may refer to L
Jdournouer, (Plaie 9, Figs4-9 ).

The scatter diagram for the (C - @) show negative correlstion (Fig.25 ). The
lower part of the section which represented by the samples (7, 16 and 22 ) reveal a
weak, a reverse correlation with values of the C and o range between (C 5.5.25-
192.5-199) respectively, While their values in the middle part in the samples (28,
31, 32, 35, and 36) ranged between (C= 5-5.5, « [89.5-192.3) whercas the
samples (37, 42, 49 and 50) contain the individuals their C and @, values ranging
between (C > 525, o >189.5), The values of (T - o ) relation indicate for species

correspond on which resulted from the values of C and (A ).
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Fig.(23): Relation between C and A, values for Twelve selected Nephrolepidine
assemblaces in Khabaz well-3 section.
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The mean values of (C-A;) and (['s- ) shows a distinct positive correlations,
{Figs.26 and 27) respectively, while the means of {C-n) show a reverse
correlation, {Fig. 28)

The histogram of (A and () classes (Fig.29), have supported the results,
which show unimodal and faidy normal distributional pattern for most of the
sumples. The regularizes in the (C) histogram (e.g. sample 16} might be
explained by the low number of observations, in comparison with wide variation
and for the insccuracies in counling the number of accessary suxiliary chambers.

The nverage degree of embracement of the protoconch by the deuteraconch
(A and the average number of the accessory  auxiliary chambers on the
deuteroconch{C) show an increasing of the data from the lower part to the upper
part of the section, and the species are located based on the C and A

The histogram of this section possess unimodal and bimodal shapes(Fig, 24),
the samples (7,16 and 22) of the units(V and V1) show the unimodal shape that
the values of (Adand (C) vary between{40-45 and 5-5.25) respectively, these
values are the characteristics of the [ argani, while the samples (28,31.32.35
and 36} of the units{Vl and VII) have been revealed bimodal shape and their
values of (A Jand (C) ranging between (44-46 and 5-3.5) respectively, These
values correspond Lo the Lex. intere. morgani-rournouers, bul in the upper parl of
the section samples (37,42,49 and 50) of the units (VIT and VI, there is an
incrcase of {A; Jand (C) values that range between {36-36 and 3-9) respectively,
will be referred 1o as the £ fournouer),

Also the means of (o) , show a successive of decreasing values which give
indications to the existence of different species of L(N.J. Tor example the semple
{7) of the lower part of the section, belongs to the £. morgani, which have the
mean value of @ about {[99), while the middie part of the section represented by
the samples (28, 31, 32, 35 and 36), it is clearly visible the decreasing of the mean
values of the (o)which range between (189.5-192.5), correspond to the L e,

infere, nrorgani-tournonert, but the upper part of the section, in sample {50,
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which refer to L. tewrnouweri show the less mean value of (@=172.4), if compared
with the mean values of the species from lower part of the section, In contrast the
average degree of curvature of the common wall between the protoconch and
deuteroconch (R) has a less regular pattern of incrensing values. No clear trend is
observed in the average size of protoconch (Dy) and dewternconch {[3:). The
values ([32/13, Jare not actually changing in the lower to the upper part of the
section. The mean of (A, C, Dy, Dy, 200, B and o shows the disteibution of the
different species from the lower to the upper part of the section, {Table 3)
Aceording 1o the mean values of (AS)L(C) and (o ) the species are

distinguished as the following

Species AG o o

L morgani =<4 =45 5aC<525 1925< <199
Loex interc morgoni-tournoter] 44<A7<46 LA 189.5< @ <192.5
L teurncierd AP435 C=525 o< 189.5

3-4-4 Qarah Chauq Dagh Section

This section includes (V, ¥I, VII and VIII) units, distributed from the lower
part to the upper part of the section, In the umits (V, VI and VII), the samples
{(3,12,17.18 and 20} show a weak positive correlation in the relation between the
scatter diagrams of the (A= (C) , and {Ds — C), (Figs.30 and 31) respectively,
these characteristics are close to the L maorgani | (Plate 7, Figs.10-12, Plate &,
Figs. 1-2 ), but in unit {VI1} the sample (21) shows a strong positive correlation
that indicates to the Lex imtere. morgoni-tonrnoueri | (Plate 8, Figs. 10-12), But
the upper parl of the section {(sample 26) characterized by the presence of L
Jowrnower], (Plate U, Figs, 11-12) have the values of (A ) between (35-56) and
(C) between (2-6).

The scatter diagram of the (C - €.} shows negative correlation Fig. (32 ). The

samples (3,12, 17, 18 and 20 reveal a strong negative correlation with values of



63

é 3 = | & .E Ay C | By Dy, | DWD | R o Species
EIERRH
2| 39F =
L] Fr e 11 8| i 1z 14 e & i rne—
]
Wi K _|u
E M it 7 8| 1104 11 M3 4 | Lo
L]
H n
L] Lk L] ne? 4318 12 an T4 I rr—
41
N1
L1l (L% il Al 1 LX Ho LL k] L foA e
1% w 4 “
L s
M 4 53 pLAE WL 13 1 RN AT
= * H 11 Sourpoari
- R Laxmirre-
4 1] ©a i i (& ] [Lioh] wargmis
5 L] Frinririeey
= - 1]
= H
E [.ste frberc-
B Ll 43 s LR 11 . s gl
. 1 [omirnsT
e fnde e
M Ll 53 itia mn 14 2 [EoH wovgank
1
W o|n foningem!
[} L T, fudarc-
(%] &3 LA b ] THI L ms 1911 AL
- Jsatroan
W o|mn
5 s dj.i [T s Tl [} 174 1471 L eeargani
1
H
[E]
g M a1 1.¥ L 1263 i3 g 1987 Limargani
: 1a
E . 3
v 45 5 16 | F:T 14 0 (953 | [l
I
T
1]

T
Table (3) : Results of Counts and measurements on Twelve Nephrolepiding assemblages
From the Miocene Carbonates, (Azkand Formation). in Khabaz well-3
Section. M = Mean of the value. N = Number of observation.
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(C) and (o) range between {C= 5.5.25. ¢ = 192.5-199) respectively. While their
values in the sample (217 ranged between (C=35550° [ 89.5-192.5), whercas
the sample {26} contain the individuals, their (C) and (a0 ) values range between(
C » 525, o >189.5), The values of (C° - O y relation indicate for species
correspond on which resulted from Lthe vilues of (C) and (Aq).

The mean values of {A-C) and {C-Da) show posilive correlations. (Figs.33 and
34}, but the values of (C™-0) show a negative correlation, (Fig.33)

In the (Fig. 36) which shows the histograms of Ay and C classes of this section
from the lower part to the upper parl of the section, the samples (3,12,17,18 and
207 of the units (V. V], and V1) show a unimodal shape ol the histogram with the
values of A, and C range between (40-45 and 5-5.25) respectively, which
correspond 10 the characieristics of the L morgani, the sample (21) of the unil
{(VII) shows an increase of the values of (A ) and (C) { Aj= 4446, C = 5:5:5)
which indicates to an intermediate position between two species that have the
characteristics of Lmorgani and L tonrnonert which is known as Lex. fnterc
margani —fournoweri _but the upper parl of the section (sample 26) of the
unit{¥11jshows the unimodal shape of A, and C more than (43 and 5.25)
respectively that is indicated (o the L. Tt HOugrt,

The average degree of embracement of the protoconch by the deuteroconch
{A;) and the average numhber of the accessory auxiliary chambers on the
deuteroconch{C } show an increasing of the data from the lower part to the upper
part of the section, and the species are located based on the {C) and (Aq.

Alsa the mean valug of o reflected to different species il we see the mean value
of @ from the lower to the upper pan of the scction thal appears vatiation between
(198) to (193.9), for example; the samples {3,12,17 and 18) of the Units (W, VI
and VII) have nearly the same valucs ranging between (196-198) which refer to
the £. morgani, while the sample (21 of the unit{VII) have a value of a about
(192,1) which belongs to L. ex. inferc. morgani-tournoueri, whereas the upper

part of the section , the decreasing of the mean value of @ was very clear abou!
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{182.3) that refers Lo L. towrmoneri |, In contrast the average degree of curvature of
the commeon wall between the protoconch and deuterpconch (K] has o less regular
pattern of increasing values especially in sample (26). No clear trend is observed
in the average size of protoconch (B) and deuteroconchi(D;), (D2/Dy)values are
nat actually changing in the lower part of the section.(Table 4}

The specics of this seetion are distributed based on the mean values of (A7 1{C)

and {00 jas the following -

Specics AT O o
L margani M0<A <45  I=C<525 192.5< o <199
Loy, intere. morgami-tonrnogeri 44<A° =46 ST <5.5 |80 5 <192.5

L. fourmoueri A=45 C=525 o< | 895

3.3 Comparison of various biometric speeies in units

As mentioned previously, there is seldom to obiain carbonate sequence which
shows the Miocene carbonate Facies (Azkand Formation) overlies directly the
Oligocene carbonate facies (Baba Formation), if it gained, the later would
represent only one of the facies partially.

Therefore many scctions are adopted to recover the contemporancous of
Oligocene-Miocene sequence, The Oligocene carbonate (Baba Formation) in
Kirkuk well-19 and Bai-Hassan well-4 seclions subdivided into (1, 11, 1L and 1Y)
Units. The lower part of the Baba Limestone represented by Unit (1) in Kirkuk
well-19 and lower part of Unit (1) in Bai-Hassan well-4 sections, characterized
by the oceurrence the first primitive type aof L. (Nephveolepiding) praemarginali
depending upon the mean values of the {C - A, , C - Dy and C- ¢ ) relation
{Table! and 2). From Unit (11} and lower part of the Lnit [11 which represent the
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o M| 414 | &4 | 3019 | 3819 1.3 02 | 1988 | Lowoegani
0 12
M| 13
L4}
5§
Elg vl M| a7 | 41| 2534 |33 | tz | 270 | 1988 | Zmorgend
] 3
M 1]

Table(4): Results of Counts and measurements on Seven Mephrolepiding assemblage from the Miocene

Carbonates (Azkand Formation) in Jarah Chaug Dragh section.

bl = Mean of the value. N = Number of ohservation.
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middle part of Baba Formation, Another species is distinguished that situated in
their charscter between L praemarginata and Lmorgani which is represented by
L.ex.interc, praoemarginaio-morgani. The mean values of the (C | A5 and ()
for the individuals from Unit {IV) and the upper part of Unit [IL. The
LA Jniorgani shows an increase in these parameters in comparing with the
previous species, and this species is continued (o the wnits (V' and VI, represented
as the lower part of Azkand Formation (Miccene),

Whereas in Unit VII, the biometric analysis shows an increasing in the values
of {(C, Ay ) and decreasing the (@ )values that distinguished another species
situated in mide position in their character detween Lmoergani and L lowrnouert
which is named as Leximtere morgani- fowrnoueri, the lower part ol Lnit
(¥ Iand Unit (VI characterized by the presence of LN} tewrneueri which
have the largest value of the {C, A; Jand minimum values for the {a ). (Tables 3
and 4).

Summarizing, it can be stated that mean values of the (C) and (A; )show
successive increasing but the (o values decreased from Unit 1 (Lower part of
Baha Formation} toward Unit (VI (Upper part of Azkand Formation), while no
clear trend is observed in the average size of protoconch (D) and deuteroconch

[ [}s} from the lower to the upper part of the sequence.

The specics are distributed in the Oligocene- Miocene carbonale sequence

based on the mean values of (C, Ajand o'} as the following:

Species A L it

L danvraaneri A =48 - >5.25 < 1505

I, ex dntere. mmgan-louriouer| A g=C=53 189 5= w <E925
L _meirgani 40, AT| =45 T =C" =525 F92.5 < o <90

Lo irtere, pracearginata-morgan 39 < A% < 4] 2= = 199 < o" 208

L pracrearginata 5 < AT =40 =] 208 <o



78

The species of Mepirolepiding are distributed from the lower part of the Linit {1}

of the Baba Formation, to the Ut (Y111} of the upper part of the Azkand

Formation. (Fig.3T)

Series Stage Unit | Formation | Species/LepidocyclinalNephrolepidina
A.ex, intere.
| Wil LN} tevrmoneri
Vil
Muovens Aquitunian L. ex. infere. mergani-fournaiy
—]
Azknnd
s —F Lo
i y [
Oligocens | Chatfian
L o= infere. prapuarginda-morgani
i Baba
1 prasimarginnta N
i

Fig. (37): Species list of Lepidocycling (Nephrolepidina), distributed from the

studied area based on the biometric data,
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Chapter Four

BIOMETRIC ANALYSIS OF MIOGYPSINIDAE

4-1 Introduction

In this chapter the morphometric data of the Miogypsinidac are discussed from the
Oligocene-Miocene carbonates, Most investigated Miogypsinid associations were derived
from the Khabaz well -3, and Qarah Chaug Dagh sections (Units ¥, VI, VIl and VIII)
(Figs. 39 and 40 )

At many levels the sediments are too strongly indurated for usg 1o isolate individual
larger foraminifera, and some of them are dolomitized, therefore, we sampled semi-
weathered rock material especially from Qarah Chauq Dagh section, from which the
larger faraminifera could be gathered casily. Although collecting of such material was

carried out with the greatest care.

4-2 Methods of investigation

Whenever possible, we identified minimum number of {12) specimens from each
sample, [T two subgenera of Miogypsing were found 1o be present in one sample, we
doubled the number of collected individuals. Sometimes the lack of material foreed us 1o
be content with fewer specimens. But in hard samples, we obtained the median seclions
of individuals by preparing about (135) slides from each sample especially from sticks that
contains equatorial sections, For the execution of our measurements we have (o preparc
median sections.

For biometric studies of Miogypsinids (180) oriented equatorial sections were
prepared, representative of Miogypsing 5.5. and Miogypsinoides have been drawn by
means of digital camera with enlargement of { [0-40X) [or all specimens. (D, Dy, Xy,

a, p and V) counts were made from the drawing using a plastic ruler, and angle

protracion.
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Counts and measurements on the early chambers of Miogypsinidae were performed
sccording 10 the procedures described by Drooger (1952}, Drooger and Freudenthal

[ 1964); De Mulder (1975); Drooger, {1993)

4-3 Miogypsinid parameters

The linear variables were measured in micromelers are [imited to ncron (jum)
The variables and their definition are listed below: - (Fig.38)
(X):  The toial number of nepionic chambers in the initial spiral excluding the two

embryonic chambers and including the closing chamber, if present,
{vh: This angular parameter is guantitative measure of the orientation of the

nepionl  in the foraminiferal test. A detailed description of the way of
measuring ¥ was given by Amato & Drooger [ 1969).
Two line segments determine this variable. The first one starts al the center of the
protoconch and passes through the center of the protoconch and continues through the
npex of the test, coinciding with the apical —frontal line, The zero of the y-scale has been

arbitrarily fixed at the configuration where both line segments coincide in individunls
with one whorl or less,

¥ is positive if the first principal auxiliary chamber points to the frontal margin of the
test, Otherwise y is negative, In the later case it is measured by rotating the embryonic

line segment in the direction of coiling towards the apical frontal line segments,

(#2): The arc length of the circumference ol the prataconch underying the shorter spiral,

(B): The arc length of the circumference of the protoconch underlying both protoconchal
spirals .
(V): This parameter depends on two angular variables.y, and B, in the following way:
V= 100 @ M0,55= 2000/p,
The dimensionless ratio, which scale ranges from 0 to 100 indicates the degree of
symmetry of the protoconchal spirals.
(D)) The maximum diameter of the protoconch is measured perpendicular o the

cmbryonic line (seey )} and includes half of the thickness of the walls,
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¥ negative

Fig.(38):- Schematic drawing the median sections of the embryonic-nepionic stage
Miogypsiniodae illustrating the derivation of (o, B andy). 1=protoconch,
Z2=deuteroconch. 1 and 2 constitute the embryonic stage; chambers around
the embryonic stage(doted in figs. a, b) constitute the nepionic stage. P 1=first
principal auxiliary chamber, p2=second principal awxiliary chamber;

a=accessory auxiliary chamber, c=closing chamber.

(after Raju, 1974 & Drooger,1993)
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(Dy: These parameters represent the largest diameter of the deuteroconch, determined
parallel 1o the measurement hine of D
(P):  Percentage of specimens with two principle auxiliary chambers.

The estimate of the exact number of chambers in the primary spiral(X} is rather
difficult in individuals with long spirals. (%) may be estimated too low, because the
ultimate chambers, which are very small, were not cut in thin section ot half seetion. On
the uther hand (X) may be estimated too high, because a lateral chamber was identificd as
the ultimate or penultimate spiral chamber. Furthermore, observation on (X) is hampered
by a bad preservational state of the specimen.

The parameter (V) is not totally unambiguous with respect to the degree of symmetry
of the protoconchal spirals, This small imperfection is caused by the absence or presence
of a closing chamber between the protoconchal spirals. In the specimen without & closing
chamber the longer spiral overrides the shorter spiral. 5 in particular, does not take into
sccount the part of the primary spiral, which overlies the chambers starting from the

second principal suxiliary chamber (Fig.38¢ ).

4-4  Heterogenity of the assemblages

The lower most associations of Miegypsing v in Unit (V11), samples (42} of
Khabaz well-3 section, and sample (18 Jof Qarah Chouq Dagh scction, marked by
the joint presence of types with lateral chambers and types without such chambers.
The two groups correspond with the subgenera Miegypsing s.5. and Miompsinotdes
vespectively, The larger part of the Khabaz well-3 section in Units (Y, VI, V11 and
VIIT) and the Qarah Chauq Dagh seetion in Units (V,VL,VIL and VI11} consist
entirely of individuals with massive sides, they all belong to the subgenus
Miogypsinoldes,

The subgeneric identification of the Miogypsinids, which was carried oul during
the grinding process was not successful for small number of specimen, probably due
to their bad state of preservation and dolomitization .

We might wonder whether the presence of both subgeneric groups can also be

recognized in their biometric propesties. The ranges of parameter valucs found for



L1

the Miogwpsing 5.5 and Miogypsinoides individuals show a wide overlap in all
parameters of the Khabaz well-3 and Qarah Chaug Dagh sections, (Figs. 39 and 40).
Apparently both taxa are not mutually exclusive on the basis of individual,
morphometric characteristics. Theoretically the presence of more than one
biomeiric group might be recognized from the bimodal shape of the frequency
distribution, from the large coefficient of variability for one or more parameters or
from the patchiness of clusters in the scatter diagrams. Howewver the low relative
frequencies of Aiogypsinoides in most samples seriously hamper the chance to
recognize such mixture phenomena, The sample (427 from the Khabaz well-3
section and {[8) from the Qargh Chaug Dagh section, they are only, one in which
both subgenera are frequent.

In this association Miogypsiea v and Miogypsinoldes show distinetly different
modal  classes in the frequency distributions of the embryonic size

parameters.(Figs. 39, and 40) ). The heterogeneity is also visible from the nepionic

parameters., Miogypsinoides being more primitive in both X and ¥,

- - Vi Vi Vx
Miogypsing s.5 N BT 31.42 139
Micgypsinaides | 28.7 28.06 10.55

Miogypsinoides (| 10.04 ER Y |'1.66

Table (5): Coefficient of variability for Micgymsing in sample (42) of Khabaz well-3

section

Vi Vi Vy
Miognpsings.s. 35.58 20.9 | 1.07
Miogvpsinoides | 29.79 29.5 Lt
Mingypsuinoides 11 .80 0975 11463

Table (6):- Cocfficient of variability for Miogypsing in sample (18) of Qarah Chaug
[agh section,

Coeflicient of variability for Miogypsing s.5. and Miogypsinoides in sample (42)

in the Khabaz well-3 section, and sample (18) from the Qarah Chaug Dagh section,
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I and u_ in the Qarah Chaug Dagh section, Oligocene carbonates Babh
Formation
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which are shown in (tables | and 2), in 4 way which support the inhomaogenity of
the assemblage. Vy, for Misgypsing 5.5 is figh (Vi = 36.7 and 55,58 in samples 42
and |8 respectively), But (Vy,, for Miogypsineides in the same samples remain
unacceptably high,

This anomalous value of the coeMicient of variability which are seen in (tables 5
and 6} is understandable from the investigation of the scatter diagrams for the
samples (Figs. 41, and 42}, in which () is plotted apainst (X, [ and T)
respectively. In the D,y scatter diagram in both samples, it is clearly visible that
the individuals of Miogypsinoides Tall apart in two clusters. But this division is nol
reflected in the other two diagrams. It refers to that we are investigating with two
different associations for Miogypsinoides in samples (42 and 18).

Two proups of Misswpsinaides are distinguished depend on the protoconchal
diameter Group 1 consists of individuals with small protoconches and group 11
comprises individuals with large protaconches,

In the scatter diagram of (D andy), it can be noted that group 11 is completely
separated from Afiogypsing x.x. cluster, whereas group [ shows an overlap with the
later (Figs. 41 and 42). In contrast, the Dy- X and D)-D; scatter diagrams show the
overlap of Miagypsinags .5, with both groups of Miogypsinoides,

Because of the scarcity of Misgypsinoides in most individual's samples we
compiled all data on this subgenus in Unit V| in some scatier diagrams (Figs. 43
and 44). The resulling scatters are again interpreted in terms of two types of
Miogypsinoides, which has been distinguished in samples (42 and 18),

The association of individuals with the smaller embryons will be referred o as
Miogypsinoides 1; the otheér will be named Miogypsinoides 11. The critical value of
(D) to diseriminate between both groups appeared to be (2000 pm. It is clear from
the scatter diagrams that both Mingypsinaides taxa can not be separated on the hasis
of X and y ; not withstanding the modal differences. Solid proof for the existence of
more than one biomelric Misgipsinides group is not furnished by most samples

individually, because of the [ow relative frequencies.
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4-5  Preliminary notes on analysis of individual lineages.

With repard to the changes in the Miogypsinid time sequence, we have (o
comment on the spatial relationship of the investigated samples. The coverage with
samples for Units (V. Y1, VILand VI was accomplished in two sections, Khabaz
well-3 and the Qarah Chaug Dagh.

However some lithological and micropaleontological changes were observed
duting the microscopical investigation of the thin sections, which have some
correlation value. In both sections a distinct negative shift was observed in the
relative frequencies of the larger foraminifera. Fig, (7). The small scale shifts and
irends in the sample means will be termed positive when they are in line with the
litemtire data in the Miogypsinidae {e.g. Deooger, 1963 Raju, 1974, Wildenborg,
199111 The outcomes of the tests will be labeled negative when they arc against the
trend of overall changes, known from the earlier investigations. The tendencies,
which we will consider in particular, are the principle of nepionic acceleration and
the size increase of the embryon. The differences between the sample means were
checked with the t-test or with the Kay square tes1, the degree of deviation was in
turn tested with the help of the ¥* —est, Only the parameter (X} needed testing with
the Kay square lest, because its data frequency appearsd 1o be oo skewed for the
hypethesis of normal distributions,

Pairs of samples means were selected for the Kay square and the [ test, o
provide as with a good, overall picture of the small scale changes, present in the
series of Miogypsing. The differences between samples at fargs stratigraphical
distances were not given special attention, because the direction of the change is
probably the same as the direction of the overall trend. If significant shifis were
suspected to be present in more variable, all parameters of the sample couplet under
consideration wete tested. On the other hand no tests were applied to sample pairs,

which do not show marked, visual differences in any variable.




4-6  Miogypsinoldes.
AN

4-6-1 Changes in the samples means

The basal assemblages of Miogypsinoldes which are not yet associated with
Mingypsing £, was observed from the samples ( 7.16.23 and 25) in Khabaz well-3
section and(3 and 6) in Qarah Chaug Dagh section, show a distingt, positive shift in
the nepionic and in the embryonic parameters. The results of the i-test and the Kay
square test of the observed differences between the samples of Miogypsineides from

rwior section (K habaz well-3 and Qarah Chaug Dagh) are seen in {iable-T)

Sample couple Kay square- [-test
Test
b T- drl L]'|- df D] = 1:”:-

Khabaz well-3 section

3842 (Type 11} 0454 078  20- 2412 20- 257 20
18-42 (Type ) 0371 078 M- 2001 34 179 34
7i23 0,349 134 31 3314 31- 3204 31

Qarah Chang Dagh section

12-1& (type 1T} 0.513 1.303 24 2755 24 Q300 M
12-18 (type I 0418 0349 30 0078 30 277 30
3-6 4449 1211 22 2010 22- 2301 22-

Table (7): Results of the t-test and the Kay square test of the observed differences
between the samples of Miogypsimides, levels of significance, p=0.01{++/—)
p=0.05(+{-) degree of freedom in t-test, =N +N; -2, Wi+ M= sum of ehservations

in both sample.
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These changes are not unequivocally continued in the younger series of
Miogypsinoides (Figs. 45 and 46). Concerning in the statistic (X ], type | and [l in
samples (18) and (42) upwards seem to represent 2 more advanced stage of
Miogypsinoides with respect to the associations in basal samples (3 and &) and (7,
|6, 23 and 23} in both sections. The mean embryon diameters of the two types of
Miogypsinoides in the younger samples show opposed changes with relative to the
assemblages in sample (6) and (25}, Miogypsinoides | 1s marked by a drop in (D)
and (D2} whereas these means increase significantly towards Miogypsinofdes 11
(Figs. 45 and 46, table 7 ),

In the sequence of Miogypsinoides assemblages co-occurring with Afiogypsina
2%, no distinct further changes are apparent, hoth in type 1 and type II, the
difference between the paremeters mean are too small relative o the valees their
standard errors(figs. 45 and 46). Care must be faken in cvalealing the above
siatements on the two Miogypsimordes types, because they may be biased by too low

frequencies.

4-6-2 Qualitative shifts in the morphotype composition

Before entering inte details of the morphotype shifts in Miogypsinoides, we must
point out a gencral aspect of the qualitative changes in the frequency distributions,
which is of importance for our Miogypsing assemblages in general, The frequency
of a morphotype just after its appearance in the biostratigraphical record is very
low, The chance of an erratic loss of such a low frequency type by sampling hazards
is relatively large and consequently there is an influence on the precise
determination of the entry or exist level of a specific morphotype.

Alternative in the momphotype ranges are distinctly present in the nepicnic
variables, (table-8) which corresponds to the changes in the sample means, (Figs. 45
and 46), The changes in the ranges of the embryon diameters are much vaguer with
respect to the lower most sample (7, 16, 23 and 25) from Khabaz well-3 section and
{3 and &) from Qarah Chaug Dagh section. The total range of morphotype in [

seems to expand both at the lower and at the upper end of the variation, with one
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or three classes respectively bul there is very little change above the lower most

from both seclions.

hié ¥
K habax well-3 section
Exits 23-18 -238 - -177
Entities fi0-8 2
Qarah Chaug Dagh section
Exits T2:E7 -221 - -6
Entities [0-8 - - 0

Tahle (8 ): Entries and exits of X and ¥ morphotype of Miagypsinoides of the Units
iV and V1, of Khabaz well-3 section and Unit (V) of Qarsh Chauq Dagh section.

4-6-3  Distribution of Miogypsinoldes individuals in Units{ V,VL,VILand VIIT }

The lower most samples of Units (V, V1) of the Khabaz well-3 scction and (V) of
the Qarah Chaug Dagh section were characterized by the presence of two group of
Miggypsinaides as mentioned in paragraph 4-3, Group | consists of individuals with
small protoconches and group Ll comprises individuals with large protoconches.

Theoretically the presence of more than one biometric group in the middle and
upper most samples of Units (VI VIL and VIIl} in both sections might be
recognized from the bimodal sections of the frequency distribution or from the
patchiness of clusters in the scatter diagrams.

The histograms of (X,y, Dy and D) are plotted in the samples of Linits (VILVII)
of the Khabaz well-3 section and Units {V1, V11 and V1IT) of the Qarah Chaug Dagh
section in (Figs. 47 and 48) which possess bimodal shape of histograms. [t was
clearly visible that the individuals of Miogypainoides fall apart in lwo groups
especially in the histograms of (D) and (D;), but the ranges of another parameters

X and 7 values show a wide overlap in all samples,
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The scatter diagrams for the same samples in both sections pointed oul previously
in (Figs. 49 and 50} in which (3] is plotted against (X, D; and v ) respectively, and
(v} against (X). In the (1D;-Ds) and (D) -y) seatter disgrams of the all samples {Figs.
49 and 50) show clearly that the individuals of Miogypsineides fall apart in two
clusters. It ¢an be noted that group |l cluster iz completely sepacated from
Mivgyprinoides group 1, whereas this division is not reflected in the (D4-X | and y-
X diagrams, (Figs. 49 and 50).

4-6-4 Biometric Taxonomical classification,

For the classification scheme we refer (o the compilation of Drooger (1993). The
biometric species, we identified are listed in tahle {9, 1ogether with the necessary
data for the determinations. The oldest association of Miegypsineldes was identified
as M. complapata,(Plate 10, Figs, 1-B, Plate 11, Figs. 1-8), which is succeeded by
Miagypsinoides jormosensis, (Plate 12, Figs. |-8, Plate 13, Figs. 1-2) in the lower
most samples in sections, the determination of the assemblages, co-socuming with
Micgypsing, center around Miogypsfnoides bantamensis. (Plate 13, Figs, 3-6),

Type 1l assemblages are classified as M ex. interc, hamtamensis-debartii and

types | assemblages are named as M ex inere. formosensis-barionensis,

Section Sample X SE N Miegypsineldes
Ex, intere,
Khahaz well-3

49 12.3 0.35 |3 bantamerisiy

43 [2:3 1,30 |5 hantamensis

42 (Type Il) 0.5 0.23 14 frenntcmap i s=cle frocart i

42 (Type ) 123 0.23 I8 Fovmnsensiy-hantanmesis

4] 12.3 .36 [2 banfamensis

40 12.6 0.27 [5 banfamensis

39 2.4 0.26 ] bernicimensiv

38 12.3 027 |8 hanlamersts

25 15,1 (23 17 Sfarmasensiy

23 15,3 027 15 Sformosensis

1 19.3 027 15 comtanaia

7 18 032 [ complanala
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LAY

Qarah Chaug Dagh
26
21 11.6 0.31 14 Bantamenyis
2 1.7 0,249 |4 Borriciensis
[E(Type ID 104 0.3l I8 benitame nsis-defhaarty
IBiTypery 114 027 I7 formosensis-Bantauneis iy
|7 [ 1.5 0,30 15 bartanensis
12 12.6 0.33 15 formasensis
fi 19.8 0.34 2 complanala
3 19.1 (.31 2 complanaia

Table (9); Species list of Miogypsinoides and pertinent, blometric data; N=Mumber
of observations on X in a sample or a sample suite; if N<11, then the name s

presented in parentheses,
4-6-5 Correlations in separate assemblages

The oldest assemblage of Miegypsinoides samples (7, 16, 23 and 25) of the
khobaz well-3 and (3, 6} of the Qarah Chaug Dagh sections, reveal significance
correlation (P=0.001} for all combinations of the parameters. (Figs. 51 and 52, 1able
10

Usually the numbers of Miogypsinoides specimen in the samples of Unit (VI in
hoth scetions are too low to provide meaningful coefficients of relation. Only
Miogpsingides | from sample (42) of the Khabaz well-3 section and the sample
i 1%) of the Qarah Chawg Dagh section, represent in which sufficient individuals of

this type are present, show well correlated variables. (Table 103



]

X.D, X-D: D yD: DD

Samples Xy
Khalmaz well-2 section
T y -0.78
M=14
++
[& I {1950
N=15
23 r
N=I8 +
25 r 0,923
e | T

+

42 (Type I} r (BTG5

M=210
++
42 (Type 1) I L0854
M=14
Caval Clhiawg Dagh section
3 r -0, 7TRRT
=12
++
i I -(,7724
M=12
++
1B (Type 1) r 0,463
N=1§
o

|8 {Typein ¢  -0.8774
M=17

++

-DR0G6  -0LBEZ (969 0.9774  0.9977

1= ++ I ++ ++
D650 949 09368 089711 09702

096 <0976 09556 09846 (.98 0981

+ + . t +

£.934  -0.9299 09624 09432 09945
+ + ¥ + +

G451 19595 09165 0.9055 09967

o it ++ ++ 4+
097461 09637 04679 0.6060 09966

+4 o - - ++

0.8329 -0.83.28 09281 09312 09961

it - 4 b b
08278 08194 09491 0.9467 (0.9964

++ i + ++ -+
09385 090246 08920 (.EE4T  (0.9836

++ 4 t+ ++ Tt

-0.9366 -0.9190 0.9679 0.9656 0.9809

++ ++ +4 4 ++

Table { 10y Comrelation of the parameters in single samples, df=N-2;N=pairs of
abgervations; r-test is one sides; M= 0.01{++/-- ), P=O.05(+/ ).
To have some notation of the association of various couples of parameters in

Miogmmsinaides | and |1 of the two sections. We show several scatter diagrams in
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Fig.{50): y-D; X-D,-D; and X-y scatter diagrams of the Miogypsina in the samples

(12, 17, 18, 20, 21 and 28) in the Qarah Chaug Dagh section.
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4-7  Miogypsina s.s
4-T-1 Trends

Overall changes in the parameters of Miogypsing s.5. in Units (V1, VII and VI,
(Figs.45 and 46} in both section were determined by testing the correlation between
the parameter means and the ranking numbers of samples (cf. M.M. Drooger et, al.,
1979), The result of the rest are listed in lable (11). The parameters show weakly
significant and some of them significant, positive trends which means they are in
line with the classical tendencies in the Miogypsinoides nepionic acceleration and
embryonic size increase for example D is highly sipnificant correlated with the
ranking number of a significant level of .01,

The overall changes in the values of P, the relative frequency of individuals with
two principal auxiliary chambers was not tested statistically. From the graph ol P in
(Figs. 45 and 46) we infer that this variable tends to increase upward, The two lower
assemblages of Miogypsing s do nat Yel contain specimen with wo PALC,,
whereas ' attains values ranging from 20% to 35% in the upper part of the Unit
(VI

Steatigraphical interval M X ¥ D 0
Total Unit 12 =
Khabaz well-3 Section 7 . . " g 4

0.9] 0.92 0.95 0,5
Qarah Chaug Dagh Section 3 - 1 - ++
0.57 G5 41 0,42

Table{l1): Trends in the various mean of Miogvpsing 5 5 in Units (VLI and
VL) ) tested with the r-test, di=N-2, N=number of samples; lest carried out one
sided; tested levels of sightficance: p=0.01{+ + /- =) p=(+ 1)
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Fig.(31): Scatter diagrams of (y-Dy, X-Dy, X-y, X-Dy D-Dyand v-D)) for
Miogypsinoides in the lower most samples (7. 16, 23 and 23) in

Khabaz well-3 section,
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4-7-2  Small scale changes

In table {12) the resultof the statistical tests are presented for the Miogmpying 5.5
in the Units (VI, VII and VIIT) with the samples (38, 39, 40, 41, 42, 43, and 49)
and (12, 17, 18,20, 21 and 26) of the Khabaz well-3 and Qarah Chaug Dagh section
respectively. All parameters are subjected to positive shifis which are most
frequently shown by (y), namely in the upper part of Unit (VII). Sometimes
sethacks occur as well, only for the embryonic size parameters the changes opposite
ta the overall trend attain high significance level (P= 0.001). A significant change in
a parameter is usually not accompanied by a sipnificant shift in the other three

variables of the same sample pair (tablel2).

t-test

Sample couple Chi square est

X y df D df Dy df
Khabaz well-3 soction
4349 0.423 61z 21 -1.99 21 0143 21
41-49 0,353 0039 24 0,78 24 .56 24
41-43 0.352 =46 23 343 23 -0.04 23
3042 0.361 -1.57 24 127 2 -2.54 24
3041 0.352 169 15 =147 15 <084 15
3840 0.371 0,73 23 R0 23 2,14 23
AR-39 0.442 043 21 1.32 21 234 21
Qarah Choug Dagh section
21-26 0.361 073 21 =218 21 =1.192 21
20-20 0,349 18 22 -0.44 22 0,013 22
17=21 037 059 23 0.0 23 .07 23
17-20 035 097 25 335 25 2,16 25
12-18 0.44 0.99] 29 =100 29 -4.30 29
12-17 037 -1.74 22 4.00 22 2877 12

Table { 12 ): Significance of the observed differences between the sample means of
Miogypsing 5.5 in Units{ VI and VIII ) tested by one sided t-test or Chi square test
=N +Nz-2;N+N=Sum of observations in both samples; significance levels=0.01{+
+ ==, p=0.05(+-); no significant resultf o).
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4-7-3  Qualitative shifts in the morphotype composition

For a general remark on changes in the morphotype composition we refer (o the
previous description of Miagypsinaides, The ranges of morphotyopes in Miogypsina
s.5. were deduced from the histogram in (figs 39, 40, 33, 54 and 55}, It is supported
by o number of scatter diagrams in (Figs. 36 and 37) which illustrate the intensity of
the covariation between (D-X, Dy-y and D-Dz) of the Miogypsing 5.5, in the Units
(VI, VIl and VII1) of the Khabaz well-3 and Carah Chauq Dagh sections.

4.7-4 Qualitative changes in the frequency distnbution

All frequency distributions of (V) in Fig.(55 ) represent samples from the Units
{(VIl and VII1 ) of the Khabaz well-3 and Qarah Chaug Dagh sections. In the lower
part of the Unit (V1) there are very [ew individuals with a second nepronic spirals,
viz, one per sample at 8 maximum. Despite these low frequencies the variation in
the ohservational values is relatively large in the lower interval, [n the associations
up to the samples (42) in Khabaz well-3 section and (18) from Qarah Chaug Dagh
section, the classes is ranging from (40-60) arc present. The next higher classes (80-
1007, appear in samples (43 and 207 from both sections while the range of (V) is

lavge in Unit { VIIT ) the relative frequencies of various morphotypes remain low.

4-7-5 Biometric taxonomical elassification

The biometric classification scheme of the Miogypsinoides of Drooger (1963)
will be used to identify the assemblages of Miogypsing, A review of determinations
iz provided in table (13), which include also the relevant statistical data of the
Miogypsing associations. The dominant species of Micgypsing in the lower part of
the sections (Khabaz well-3 and Qarah Chaug Dagh) is Mlogypsing gunteri{Plate
14, Figs. 1,56, Plate 15, Figs. 1,3, 4-6, Plate 16, Figs. 1, 3-6) which is changed 1o
another species, situated in their character between Miogmpsing gunferi and
Miogypsing tani, especially in the upper part of the sections which is in transitional
state o Miagypsing tam may be called Mlogwpsing gunteri-tani (Plale, 14, Figs. 2-
4, Plate 15, Fig. 2, Plate 16, Fig.2).
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Section Sample — x mE N pm Gp __Efugp;.mnﬁ N
Mex inperp
Khabaz vef|-3
44 Y35 046 2 25 |4 ENRteri-fani
43 9.4 0.4 i 28 .45 EHRteri-tans
42 0.1 0,34 15 35 14 Lunteri
41 I L35 4 o 14 Ainijer
40 0.8 04) |3 23 135 Eriitery
e 105 37 | | U | Bhnter|
38 I 048 2 0 154 EuRferi
Qarah Chy g Dngly
26 9.1 03s 12 25 132 Bunieri-tong
21 %7 o037 4 132 EUmeri-fony
20 0.3 036 4 15 127 Blinteri
18 04 o3 13 34 l.I5 Lunler
17 03 03 g3 |5 .31 gunteri
12 03 pap 2 0 1.37 Etinteri

Table 1 3): List of identified, biometric species of Micgpeing .5 and relevan,
statistical datg, N = number of observations on X in ong simple; o p slandarg
deviation of p.

4-7-6 Correlation
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Fig, [5;&5}: Percentage of significance comrelations values {p¥ D.050r p= 0.01) of
Miogypsina ss assemblages in Units (VLI and WIN), +50 means positive

correlation in 50% of the samples N= Number of samples,

The correlation data from the Khabaz and Qarah Chaug Dagh seclions were also
considered sepacately. (Table 14)

Section N -1, Ky bk XD: yD
1-D1

Hhﬁhu WEH'] ? ot - ﬂ = R 4
Qarah Chaug Dagh 6 + 4 0 T = +

Table {14 }: Number of samples with a significant correlation (P=0,05) for specific
pairs of varighles of Miagupsimg 5.5 in Units (V1 VIl and VI of the sections
Khabaz well-3 and Qarah Chaug Dagh.

The relative number of significant correlations (p= 0.05) tends 1o be smaller in
both sections, except for [D4y-Dy in Khabazwell-3 section,

The sample means are without exception distinetly correlated al a significant

level of 0.01. (Fig, 59).
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Fig. (59} Diagram showing the correlation between the wvarious
sample means of Miogypsing 5.5, in Units (VI and V1), O the Khabaz well-3 and
Qarah Chaug Dagh section.

A graphical presentation of the covariation between the means is provided in
(Figs. 60 and &1},

The individual correlation tests for the Khabaz well-3 and Qarah Chaug Dagh
sections did not reveal largely different results, except for the couples X'-D7) amnd X

-, which are not correlated in both sections.(Table [5 ).

Section N X Xy X D y-Dn Dy-Dy
Khabaz well-3 7 - fl ] ++ 4+ $k
Qarah Chaug Dagh i - . - 4 ++ i

Table (15); correlation between the samples means of Miopesing 5 5 in Units

Vil and ¥WIIl ) of the Khabaz well-3 and in the Qarah Chawq Dagh sections ; P=

.01+ +/= - 3, P=0.05(+/-); r-test was excouted one sided; no significant comrelation:

(o).

4-7 Comparison of the various biometric species units

Reviewing the analyses of samples means, 1 becomes clear that the principle of

neplonic acceleration is applicable 1o the total data set of units (V1, V11 and VIIT),
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section,
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The positive tendencies in (1)) and (D) are not steaightforward as in (X7) and (¥
). The embryonic diameters of Miogypsing £.5. in their lower most associstions
and of Miogypsinoides 1, show significant shift with respect 1o Wiegypsineides
Jurmasensiv by contrast, Miogypsimoides [1, is marked by a positive change i these
gtatistics. Mo distinet differences are apparent between (Dy) and (Dy) of
Micgypsimalde |, and of Miogypsing s.s. from the lower part of both sections.

The possibility of different development rates of X and v 15 the co-occurring
AMiogypsing v v and Miogyppsinoides, which 15 difticolt 1o evaluate, because of too
scanty information on the later subgenus. Both (X} and {y) of Miagypsing show a
progressive trend, while the few data of Misgypsinoldes 1, and 11 suggest stability
for both in the same interval, MWiognpsimoides |, is always more primitive at &
comparable stratigraphical levels, whereas Miogypsinoides 11 seems to shift from
relativel y somewhat more advanced than Miompsing 5,4, To gain more insight in
the possible relationships between the three biometric entities, ie. the primitive
Miogypsinoides |, and [l band the co-occurring Miogupeing 1.5, we made fwo
scatter diagrams of (X-D) and (y-Ix), (Figs.62 and 63). In which the variation of
the three groups is illustrated by the individeals of selected samples.

The scatter diggrams of the means (Figs, 60 and 61) show that all three taxa fit in
with a single line for the embryonic (I-1)4) and the nepionic (X-y) features. In the
combinations {X-D and y-D4) the two groups are apparent apain, Miogpsinoides 11
could well be the regular continuation of Miogypsinpides complenata  and
M formoxensis. Whereas the other two groups could have originated from such a
line after a rapid drop in embryonic sizes, each of the two following its own line of

development afterwards.
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O AFagyEsinoses compangia  ATagypsanees fonTaseIAE = H'pg‘ypsﬁ?a\!‘n&:_l
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Fig(62):X-Dy and y-0scatter diagrams for selected samples of Miogypsingides
camplaneta-formosensis, Miogypsivoides 1 and 11 and Miogpypsing gunteri,
of the Khabaz well-3 section.
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Fig.(63): X-Dy and y-I)scatter diagrams for selected samples of Miogypsinoides
complanata-formoyensis, mdiogmypsineides | and 11 and Miogpmsing gunieri,
of Qarah Chaug Dagh section.
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Chapter Five

EVOLUTIONARY ASPECTS OF THE
LEPIDOCYCLINA(NEPHROLEPIDINA) AND
MIOGYPSINIDAE

5-1 Introduction.

The succession of LepldocyclinaiNephrolepiding)  and Miogypsina
specics in Baba and Azkand Formations{ Oligocene ~-Miocene ) carbonates
of Kirkuk well-19 ; Bai-Hassan well-4; Khabaz well-3, and Qarah chaug
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 LepidocyelinaiNephrolepiding) and Miogypsina.

The evelutionary patterns in our Lepidocyelina(Nephrolepiding) and
Miogypsing 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 detailed studies on other Orbitoidal Foraminifers
and with current evolutionary theories,

A major deviation from the ecarlier established evolution pattem in the
Khabaz well-3 and Qarah Chang Dagh sections consist of the
contemporaneous, Aquitanian occurrences of two morphometric units close
to M. bantamensis, instead of only one, they were named Miogypsinoides |,

and 11, This divergence from the overall line of evolution will be discussed

in paragraph 5-4-2



123

52  Ewolution in Lepidocyclina{Nephrolepidina)

Biometric  investigations  of the megalospheric  individuals  of
Nephvolepiding assemblages rom several places in Europe by Van der
Vlerk, 1959 Drooger and Socin, 1959; Drooger and Freudenthal, 19%64) led
to De Mulders' classification (1973), in which three morphometrically
defined species are recognized by the combination of two parameters: the
degree of embracement of protoconch by the denteroconch (factor A} and
the number of aceessory auxiliary chambers (Factor C). On the baszis of
peneral theories which are called embryonic and nepionic scceleration,
depending on the combinations of (A7) and {C} values:

The names and morphometric delimitation of the species are:

Lepidocyeling pracmarginata I<iC =<3 I3 A<D
Lepidocycling morgan I <525 A0 <A <45
Lepidpeyeling fournower] C>5125 A= 45

The overall acceleration trends appear io be in accordance with the
stratigraphic arder of these three species, but the rate of evolution must
have been very low, i one takes into account that the development lasted
throughout the entire second half of the Oligocene (Chattian) and well inio
the Miocene. The latest published review paper (Drooger and Rohling,
| 987} on all morphemetrically determined Nephrolepidicg associations of
the European regions shows that all data fit in with a single lincage that

shows a development a long a broad band in the (A™- C).

5-2-1  Evolutionary lineage in Lepidocycling (Nephrolepidina)

In lrag.
The evolutionary trend in this study (Northeast Irag) from Oligocene-

Miocene carbonate sequence based on biometric invesligations of the
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megalospheric individuals of Nephrolepiding assemblages from several
sections (Kirkuk well-19; Bai-Hassan well-4; Khabaz well-3 and Carah
Chaug Dagh} in which several morphometric species are recognized on
combination of (A7 Jand () values, in addition, the third factor (e} is used
which shows a clear decreasing from the lower part to upper part.of the
sections (Tables |, 2, 3, 4 and Fig. 64).

In the scatter diagrams of (C) versus (A7) wvalues for [ragian
Lepidocyeling (Nephrofepiding assemblage (Fig.64), in which Europian
and African assemblages are entered, shows that all data fit in with a single
lineage that shows a development along a broad band in the (A - © )
relation, the fairly wide variation along this road causes quile a few ex.
interc. determinations as mentioned in (paragraph 3-4), which 15 advisable
in the species designation of the De Mulder's classification. It is also clear
that the associations of the lineage fit to one end the same. general trend of
increase in the diameters of hoth embryonic chambers (Tables, 1, 2. 3, 4
and 16 ),

The evolutionary and merphometric delimitation of the species with

cortesponding age are plotted in Fig. (63) and pointed out in below:

Formiatin Senge Bpedes [ A '
[, fonerrmnert =525 A4S o= | RS

Axkand Aquilaninn | Lexdmter morgani-
Fonirriery L ddc A’ dib F3% S=n= 925
L weavgani

— | Chattian 320525 | <A =45 192, 5<a<199
Babn

L ex.dimtere, proemeargt T
rafa-miorg 2024 10 cal | 90208
L prasamralinta 1<C=3 | 30<A40 WR=a

Table {16): Distribution of Lepidocyclina (Nephrolepiding) species of the studied

area, hased on the mean values of (C, Ajand o )
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The succession of these species corresponds to the lineage in the Europe
-Mediterranean area which started at some level in the phylogenitic middle
part of the Oligocene continued upwards into the early Miocene.

The lineage shows progressive complication in preimbryonic chambers |
ranges from Chattian, Aquitanian within that time an increasing is recorded
in number of accessory auxiliary chambers on the deuteroconch {factor C)
and in grade of embracement of the proptoconch by the desteroconch
(factor A), in conlrasi, decreasing is recorded in {Factor ).

Rutterlin, {1987 follows the sugpestion of Bronnimann (19407 nomally
the Europioan-Mideterranean peaemarginata-morgani —towrnoueri lineage
the endemic evolutionary continuation of the L. mureianica/pusiwosa, bt
we think this lineage in Irag and sunounded areas originated independently
[rom primitive Mephirolepiding represented by LiN) praemargingla and the
L.amorgani which distinguished from Morocom is a variation of the
prasmarginata because of having the same (factor C) while the factor (A} is

lesser Lthan as in praemarginata.

5-2 The deviation from the general development pattern
in Miogypsina.

As has been shown in paragraph (4-4) two groups of Miogypsinaides
specimens, both clese to M bartgsmensis are found to a company
M. gunteri-tani in the Aquitanian carbonates of the Azkand Formation in
Khabaz well-3 and Qarah Chauwy Dagh sections. The two biometric units,
Mivgypsinoides 1, and 11, 1I:til"fﬁ:r primarily in embryonic size and show
relatively minor morphometric differences in nepionic confipuration. The
mean protoconch diameter of Miogypsinoides | varies from about (100-
120pm), whereas Miogypsinoides 11 is marked by a mean diameter of the
protoconch of about (210-220pwm).  The chronostratigraphic range of
Miagypsinoides | continues into the Late Aquitanian, where it associates the

successive  species  Miogppsing  gunteri Miogypeing  tani. The  Late



128

Aquitanian Miogypsinoides | displays small shift in its nepionc variahles
with respect 1o its early Aquitanian ancestor; { X) decreases from about (13
to 14} in the early Aquitanian to about (11 10 12) in the Late Aquitenian , A
part from this shifl that occurs close to the chronostratigraphical boundary,
neither Miagypsinoides | nor Miogypsinoddes 11 shows a significant net
change in their nepionic variables. In both nepionic and embryonic
characteristics Miogypsinoides | is very close o primitive Miogyosing
gunteri, Miogypsinpides 1l display distinet morphological overlap with the
other older Miogypsinoides complanata and with the Mioppsinaides
formogensiv . So far, the simultanecus existence of the type of
Miogypsinoides in the Aguitanian is not known in the literature. Three
hypotheses will be offered to explain the co-occurrences, first of all some
remarks will be made on the habitals of both types on the basis of our own
observations, the Miogypsinofdes hantainensis probably preferred a hard
substrate and some what shaflower depth relative to Mingypsing 5.5, as
discussed in  parsgraph  (2-4) Unit (VIII) for  both Aquitanian
Miogypsinoides the whole rock thin sections gave no reliable indication on
the paleoenvironment, especially because of the low frequencies in this
interval. The biometric data on Misgypsinoides 1, and 11 give possibly a
clue to the relative position of the habitats of both units (VIL and VI
(Paragraph  4-4,  Figs. 39  and 40,
In the successive samples of the Units (V and V1) in both sections, the
frequency of type 1, relative w type 1 is the largest in the upper part of this
unit which has been thought to represent the deeper facies of this interval,
Thus, Miogypsinoides Il seems 1o prefer shallower habitats with respect (o
Miogypsinoides | and also with respect to Miogypsing s.5. In contrast the
low frequency distributions of Mioeypsinoides 1T will be shown and clear in
the units (VII and YIII} as compared to Miogypsinoides 1 which shows
highly distribution.

According to (Wildenborg, 1991) the Chattian and early Aquitanian

shows an excellent analogue of the differentiation in the Miogypsinoides
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and Miogypsing 5.5 ., 88 in the studied area early Miogypsinoides possibly
split inte two branches one with lateral chamber complexes (Afiogipsing
5.5} and the other preserving the massive  side walls of Miompsinoides .
simultaneously, the MWiogypsing v.s. branch enderwent 3 reduction of the
mean embryon size with respect to Miogypsiroides [, rather later still
showing distinct increase of embryonic size with respect to the supposedly
ancestral Miogypsinoides complanate and Miogypsinotdes formosensis |
This splitting into two branches could well represent the adaption to
specific  habitats  deeper than  those of AMogpsinoides |,
There is close resemblance between the embryons and nepionics of
Mingypsinoides | the most primitive Miogypsing v.s. (Miogypsing gunieri) .
This brings us to explain the exisience of Miogypsinoddes | in the regions of
the studied sections. Both taxa with small embryons would belong to one
monaphylogenitic group. Taking into account the probable difference in
preference for the type of substrate, and may assume a case of different
adaptive evolution, Miogypsireides | would have adapied to hard substrate
of some what greater depth, and this corresponds to the hypothesis proved
by {Wildenborg, 1991 ). The (D7-X7) and (I¥|-V') scatter diagrams in
Figures {66 and 67 } illustrate that our asseciations of early Miogypsinaides
and Miogypsina s.5. fit rather well within the range of the Miogypsing data
from French, ltalian and Sicily localities. They differ from the more
southern occurrence in having in the whole larger mean protoconch sizes,
However the Aquitanian , Misgypsinoides 1 is close o the Miogypsinoldes
associalions from localities in Africa, viz Egypt (Souvaya, |961); Morocco
{Bronnimann, | 940%; Drooger, 19545,

In the preceding discussion, it has been presented o explain the presence
of types of Miegypsinoidey in addition to Miogypsing 5.5 . in the studicd
sections of Aquitanian. A lecal region of all taxa would invoke a rather
complicited evolutionary exceeds or series of events in a time interval close
te the chattian-Aquitanian boundary , Unfortunately , our record for this

period is far from complete.
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As scen in Figs (66 and 67), we prefer the hypathesis of immigration of
Miogypineides | from a southem subprovinee. There are pood agreements
to defend the postulate that the studied section was split e & northern and
southern sub province. The studied area that was part of the Alfica realm
with its specific evolution of Micsypsing. Al some lime during the carly
Aquitanian, Miogypsinoides | a typical form of the African sub province,

migrated into the studied area.
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Figure i 66y 17-X diagram of Miogypsinoides in the Khabaz well-3 and Qarah Dagh sections,
Dashed lines separate European assemblages of Miogypsineides from assemblages
of African origin and assemblages of Sicily.(Literature data from Drooger & Raju,
1573; Brun & Wong, 1974; De Mulder, 1975 and Wildenborg, 1991)
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3>-3-1  Evolution in Mingypsingides

Tan Sin Hock, 1936a, 1937; Bader & Grimsdale, 1937; Drocger, | ¥a1)
agree that  Miogypsinoider  evolved  from & Rotalia-like  ancestor
{ Parararalic or Nearatalia), because of certain similarities between the
individuals of M complanate and associated Pargrotalia, Raju, (1974)
recorded that the Indian material for small individuals of both Mef
dermydezi and M.eomplanata show several morphological characteristics-
ornamentation, trochospiral seape, umbilical plug-similar to those associated
individuals of Pararavialie. Those data leave little doubt that eary
Miogypsinaides evolved from a Pararetalia anCcestor.

Drooger, (1984) discussed in detail the evolutionary patierns in
Orbitoidal Foraminifera, in which he included Miogypsinidae with an
available data and has attempted to explain evolutionary processes with
reference to pulsating, this later term was used by Drooger and Raju,
(1987), in explaining the succession of Miogypsinidae, in depending on the
mean wvalues of (X) in encompassing the species.  In the preceding
discussion and as discussed in tahle (9), it is clearly visible the gradual
change in the mean values of (X] progressively from the lower part o upper
part of the Azkand Formation in Khabaz well-3 and Qarah Chaug Dagh
sections, in the lower most Units (W and V1) reflect individuals with large
embryon siee with mean values of (%) ranging between (19213} which
indicate o Miogupsinpides complanata and Miogypsinoides Jormosensiy
respectively. The occurrénce of these species with other associated
foraminifern ineludes Lepidocyeling. morgani which is an indication for
Late (Migocene (Chattian) {Drooger and Ragu, 1987} in Unit (VD) consists
two  groups of Miogupsinoides individuals, the two biometric units,
Mivgypsinoides | and 1, differ primarily in embryonic size, the mean
protoconch diameter of Miogypsinoides | varies from ahout CHH o 120
um) whereas Miogvesinoides 1| is marked by (210 to 230 um) and their

mean values of X varics between (13-10), both of species close o

Mingypsinoides
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hemtantensts, type 11 assemblages are classified as Mex. intere. bantamensis
—defeariii and those of type 1 are named A eximfere. formosensis-
hamigmensis, co-occurring with Miogypsina gunteri-tani, the appereance of
these species give indication o the Early Aquitenian. The Micgypinoides
types | range up into the unit (VI with mean values of (X} differ between
{11-13) are mainly ¢close to Miogypsinoides bantamensis. (Table %, Fig, 68].

5-3-2 Evolution in Miogypsing s.5.

In this and many earlier investigation it is the variable (V") that has been
used to describe the nepionic evolution of Aquitanian Miogysing 5.5, and 1o
identily the successive biometric species (Wildenborg, 1991). Fig.(6%)

It has heen suggested that the diameter of the protoconch may change in
relation 1o water depth or some depth linked factor. According to theory
{Drooger & Raju, 1973) protogonch diameter would increase toward greater
depth. If, furthermore some correlation would exist between embryonic size
and nepicnic parameters, such ecological factors could indirectly have
alTected the values of (V) and (V7). An examination of the intra — and inters

ample correlations between the embryonic and nepionic variables is necded

to evaluate this constraing,

Owir discussion is that the positive correlation between (V7 and D)
probably is not the result of functional relations between both statistics. 1F
the mean size of the embryon was some how determined by 2 depth linked
ecological Factors, this effect probably was not reflected in parameter (V7).
On the contrary the supposed shallowing during the deposit of unit (V1)
would theoretically have caused a decrease in ([V)) instead of the general
increase that we found. We think that we can role out the effects of

environment on the succession of (V) values. This inclusion is in good
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harmony with the [zct that intrasample (V" - D7) correlations are hardly
ever of statistical significance.

According W certain evolutionary theories, we need low frequency
populations for rapid changes in morphology. As a check on such a possible
relation we plotted the relative frequency of Miagypsing 5. in the Fig.(69 )

[n Fig. {69 ) which shows two low frequency zones of Miogypsing 5.4
have been entered  the lowest (V) in Unit (V1) are found in the low
requency miterval between level 3 and 4 and correspond lo a negative
change followed by a leap forward at the top. We can nol exclude the
possibilities that the reworking of older Miogypsing 55 must be held
responsible for the negative shift. Also (1)) shows a set back have way this
lower most zone of low relative numbers, With increasing frequencies of
Miggysing s.5. across level 4 is shown a notable increase, decrease and
weak increase again into the middle low frequency zone followed by a
stappered increase across level (6) toward the top, of unit (¥11}, And the
second low frequency interval is noted after level (6) toward the upper part
af Unit { VII).

The carly frequency of AMfogypsing 5.5 has been seen across between
levels | oand 2 in units (V1) of Azkand Formation in Khabaz well-3 and
Qarah Chaug Dagh sections comespond to the primitive type of Wiogpsing
associalions  with old  Chattian  Mogypsinoides  complanata and
Miagypsinoides formesensiz with mean (X) values of these species range
hetween (9-12).

The other incressing infrequency of AMiegypsing 55 has been seen
seross the level (6), especially in the top of Unit (VII), which is
characterized by the simultaneous occurrence of Aiogypsinoides and
Miogypsima 5.5 in samples of Unit {VII) as mentioned in paragraph (4-4},
and these species possess the mean values of X varies between (9-11), This
frequency of Miogypsing 5.5 are chosen 1o Aioggasing  guaferi-fani

according to (Drooger, 1963}, (Fig. 70, Table 13).
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In summary, we may supgest that there was some link in the evolution of
our Chattian, Aquitanian, Miogysing 5.5, to episodes with low frequencies
of this subgenus. Evolutionary changes seem to be of subordinate

importance in the periods in between, when Miompsing was relatively

more frequent.
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Chapter Six

-1 REMARKS ON TAXONOMY
6-1-1
Introduction

The taxonomical identitication of the larger foraminifera is based on biomelric
criteria, the principles of which were defended by Drooger {1952). Additional

taxonomical and morphological remarks will be presented below for the gpecies

of Lepidacycling and  Miggvpsing,

6-1-2 FAMILY LEPIDOCYCLINIDAFE

Family LEPIDODCY CLINIDAE Scheffen, 1932
Sublumily Lepidoeyelininae, Scheffen, 1932
Cienus Lepidocyeling Glmbel (1870)
Subgenus Nephrofepiding H. Douvillé 1911

Lepidecycling (Nephrolepiding) pracmarginate B, Douvillé
PL5, figs. {1-12), PLG, fig. 12

Lepidacyelimg praemavgingta B Douville, 1908, Bull, Soc, Géol, France, ser. 4, vol. & p. 51,
figs 1,2, 4

Lepicocyeling(Maphrolepiding) proseaegingda H. Douvillé, Vervloet, 1966, Strul. Pal, Data
Tert, Southern Fiemount, p,5%, fig 5 pl 12, figs. -4,

Wephrolepiding proetouraoueri (H, DouvillE), Lange, 1968, Thesis Univ, Miinchen, Bamberger
Fotasbruck, p. 57, pl. |, fig. 1.

[ epidocycting proemargingta B, Dowvillé, 1908, Drocger and Robling, 1988,
Akademic, Van.wel, vol 91 ,p. 3932,

Lepidocycting e iR H Dol Drooger, 1983 Verhomd,
Kon,Med, Akad, Wetensch, Amsterdam et [- 241,

Lepidocycting praemarginata B Douvillé . Saraswati K., and Kumar, A 1994
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Lepiggeyeling pracmargingia B, Douvilld, 1908, Sarmswati P K., and Kumar, A 2000, Hindistan
publishing Cor., Mew Delhi, N3,

LN Jpraemarginaia is marked by values of (A} ranging about {35-40) , (C)
about (1-3) and (o) more than 208.

Distinet L praemarginata has been identificd in the samples (1,3 and [1) in
Unit {1} of the Kirkuk well-19 section and the samples (7,15 and 16} in Linit{ V11)
of the Bai-Haszan well-4 section.

Our assemblages resemblance with LV} praemargimua from Europe and

India.

Lepidocyeling (Nephrolepiding) morgani Lemoine and B, Douvillé
pl.7, figs. 1-2, PL8, figs. 1-3

Lepidocyeling morgani Lemeine & R, Douvillé, 1904, Mém. Soc. Géol. France, val, 12, pL 2,
pA7, 1B, pl. 2, fig. 4; pl. 3, fig L.

LegidncyelinaiNepivolepidinglmorgand Lemoine & B Douvilld, Drooger & Socln, 1959,
Micrapal,, wol 5, pt. 4.

LepifoepclingNeghrolepicingbmorgani Lemoime & K. Doovillé, Drooger & Freadenthal, 1964,
Ecl. Geol . Helv Vo, ST, p k. p. 515

Mephrolepiding morgan (Lemoine & H. Dowvillé), Lange, 1968, Thesis Univ, Minchen;

Bamberger fotodmck, p. &1, pl. I, fig. 2.

Lepddocyeling  srovgand Lemoine & K. Douvilld, 1904, Drooger and Rohling, 1982,
Akademic, Vanweal vol 9] p,39-52,

Lepidocyelims movgani Lemoine & §. Douvillé, 1908, Drooger, 1993 Verhamd  Kn |, Ned
Akad . Wele nsch  Amsterdam gt pol- 241,

Legidocyoling pracmarginata K Douvillé | Spraswati PE. and Kumar, A 1994

Lepidpeyeling prasmarginats B, Douvillé, 1908, Saraswatl, P, K., and Kumar, A 2000, Hindistan
publishing Cor,  New Delhi, N.3.

Assemblages of the L (N tmorgani characterized by the values of (A;) and (C)
ranging between (40-45 and 5-5.25) respectively, and (1) varies between (192.5-
199 ).

Typical assemblages of this species have been found in the samples (1§ and
200 in Unit (1T} of the Kirkuk well-19 section, and samples (22 and 23) in Units
(N1 and IV} of the Bai-Hassan well-4 scction, (7,16 and 22) in Unit {V]) of the
Khahazwell-3 section and samples (3,12,17,18 and 20) in Units (V,V1,and VII)
of the Qarah Chauq Dagh section.



Our assemblages correspond Lo that specimens of £y Lmorgani described

from Europe and India.,

Lepidocyelina (Nephrofepiding) tournoueri Lemoine and R. Douvillé
P9, figs. 4-12

Lepicocyeling fownened Lemoine and H. Douville, 1904, Mém. Soc, Géal, Friance, wol. 12, pt.
4pA9, pl 1, fig. 5 p

Lepidocyelime towrmaeri Lesoine and K. Douvilld, Drooger & Socin, 1959, Miceopal,, vol, 5,
P, d5-d26, Lepidocycling (Meplwalepiding tarwomeri Lemoine and K. Douvillé,
Prooger & Freudenthal, 1964, Ecl. Geol, Helv.,vol 57, pr, 1. p. 522

Nephrolepiding toumeuer! { Lemoing and H. Douvill) Lange tpars), 1968, Thesis Lniy.
Hﬂrk;hm,Hmnhﬂ_urchdrurﬂ;,p.Sﬂ.pﬂ.I.ﬁgs.il.

-Lepidocyeling . tornmoweri Lemoine and W Dowville, 1904, Drooger—— and
Flnhll'llg,i‘?ﬂﬂ!,ﬂl:mfemfe.'l.-'m_w:l.vur.'ir,|'_|_3'9'- 5%,

Neplrolepicing tournonert | Lemolne and A. Douvilld), 1904, schivinatio, F, 1992, Bull, Della,
Saci. Paleos. Ttnlian, Vol 3I(Z), p. 189-206,,

Leplilocyelinatonrnonerilemoineand il Doarvil €, | 904, Drooper, 1993, Ver hamdi o Med, Akad, We
fensch, Amsterdam et p,1- 241,

Lepidocieling pracmarginaa B, Douvillé » Saraswati,PK., and Kumne, A 1994

Lepiafocyeling praemarginea H. Louvillé, (908, Saraswati,P.K., and Kumar, A 2000, Hindistan
publishing Cor .,  New Deelhi, ™4.3.

Population of L{V ].iotrnowerd in our assemhlages have a vajee of (Ay more
than 45 , () values more than 3.25, and () velues less than | B9 5, this species
has been identified in the samples (37,42, 49 and 50) in Units (VI and VI of
the Khabaz well-3 section and the sample (26} in unit (VI11) of the Carah Chaug
Dagh section. Assemblages of LN} tournoueri resembles with the species

distinguished from Europe and [ndia,

6-1-3 Family MIOGYPSINIDAE

Family MIOGYPSNIDAE, Vaughan, | 928
Genus Miogypsing Sacco, 1893
Subgenus  Miogypsinoides Yabe & Hanzawa
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Miogypsina (Miogypsinoides) complanata Schlumberger
P1.10, figs.1-§, PLII, figs. 1-8
Miogypaina complanma Schlumberger, 1900, p. 330, pd. 2, figs. 13-16; pl. 3, figs. 18-21
Miogypsima {(Miogypeinsides) congprlomara Schiumberger, Drogger, 1954, pp. 230-232, only the

mesemblages from his locality [ Villa Gioseppina
Misgwpsing complanata Schlumberger, Wildenborg, 1991, PLULL pl. 2, fgs pl.3, Ags | 2, b 5

4,10,
Miogypsing complarara Schlumberger, 1900, Raju, 0.5 M. 1991, Geose.Jou.vel. X1, Mo | pp. 53-

G3.
Miagypsing complanata Schlumberger, 1900, Drooger, 1993, verhamed,
KonMed.okad. Wetenscl.ameteddan,p, 1241

Assemblages of this species are characterized by X values larger than |7
(Drooger, 1963; Raju, 1974; Wildenborg, 1991).

The trochoid character of the primary spiral is well recognizable in the
specimens of the Khabaz well-3 and Qarah chugh Dagh assemblages in unit {V),
in samples (7 and [6) and (3 and &) respectively. Y, the mean number of spiral
chambers with only one stolon, has the relatively high value of 9.5, as to the
mean embryon size, The Khabaz well-3 and Qarah chaug Dagh association s

well comparable to those of the nominate species from lran; north Ialian

Jrench and Sicily localities

Mingvpsina (Miogypsinoiides) formosensis Yobe & Hanzawa
PL12, figs. 1-8, PL13, Ags. 1-2
MigypsinafMiogypst noides) debaartis Van der Viedk var, formosensis Yabe & Honzawa, 1928,

p. 534, figs. fa-hb
MiogynaimaMiogypeinoides) formosensis Yabe & Hanzavwa, De Bock, 1976, p. 15
MiogypsimafMiogyprinoides) formosensis Yabe & Hanzawa, Wildborg, 1931, PULE, pl.2, fig. 10,
pl3, fig. 13, fahs
MiggrppsingrMiogypainoddes) debaarisi Van der Viedk var. formosensis Yobe & Hanzawa, 1938,
Rogu, 05N, L9 Oeose. Jouval X1, Mo, 0, pp33-63
Miogvpsine(Miogyeinoides) deboorsii Van der Vierk var. formosensis Yabe & Haneawa, 1028,
Dirooger, 1993, verhamed, Kon MNed skad Wetensch ameteddam,p, =241,

The assemblages of this species have X values between |7 and 13 (Drooger,

1963; Raju, 1974; Wildenborg, 1991 3,
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[n the Khabaz 3 and Qarah chug Dagh assemblages in units (V, and Y1) in the
samples { 6 and 12}23.25) and { 12,17 ) respectiovely mean number of spiral
chambers with only one stolon (Y7) is 6, Considering the mean embryon size, this
association shows some resemblance with M formosensiy reponed from MNorth

Italian, Iran, French and Silicily localities

MiggypsingfMiopypsinofdes) bantanrensis (Tan Sin Hok)
PL 12, figs. 3-6

Miegpesinoldes cosolanang forvg honrgemensis Tan Sin Hole, 14934, pp. 48-50, pl_ |, fe. 15
MigmypeinaMiomeps mopidesicomplanata Schlumberaer, Drocger, 1954a, pp.230-2320nly

assemblages from his locadity 2

Miogypima (Miogypsinoides) complonet Schiumberger mauretanica Bronminumn, Souy,

| 061, pp 672676, pl1, figs 1-10, . 2, figs. 1-13.
Micgvmsing (Miogoersirotales) bafaesteiy Tan Sin Hok, De Bock, 1976, p 015, pl. 14, pl, 5, .

|, pl, 614 33,41

Addagypsine fWiogpelanides) baneiensls Tan Sin Hok, Wildenlsorg, 0991, p 0 | pl.2, Ops. 5-7,

pls. figs. 0=11, tb. 4, 14, 11, 1¥.
MiompsiaafMiopprimoides aataensiz, TanSin ok, Raju, D08 N, 1991 Geosc ool 11N, 1,

a3
Mivgerinal Misgpypsinoides)bedaweasiyTanBinHok, Drooger, 93 verhamed Ko, Ned akad. We

tensch, Amsteddam,p. =241
Populations of Miogvpsinoides with values of X between 13 and 10 are

determined as M banfamensis (Drooger, 1963; Raju, 1974; Wildenbarg, 1991).
On the basis ol embryon size, two groups of assemblages of Miogypsingides
close to M hasramensis can be recognized in Units (VI The Khabaz well-3
and Qarah Chauq Dagh assemblages that are marked by specimens with a
relatively large embryon (type 1), are infact intermediates between
M. bantamensis and M. dehaartii. The mean protoconch diameter in type 11
assemblage  from (210-220 pm). Y, the mean number of chambers in the
primary spiral with only one stolon, is about(2.5) in our samples, Type [
pssemblages are well comparable 1o the associations of Micgypsinoides ol

Eurapean origin,
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The associatiations of Mrogypsinoides that are marked by a relatively small
embryon (type 1), have a mean protoconch diameter of about ¢ | 10-120 pm). The
associatios m Units (V1) are intermediate between M. formosensiy and
M.bantamensis. Their mean number of spiral chambers with one stolon (Y7 is
about (3 ) and Iy varies between 125 and 150 pm. Type | shows a distinet
resemblance with African (Egypt) and Sicily assemblages.

Subgenus Miagypsing Sacco

Miogypsina (Miogypsina) gunteri Cole
PL 14, figa. 1, 5-6, PL1S, figs. 1, 36, PL 16, Figs. |, 36

Miegypsing gunreri Cole, 1938, p. 42, pl. 6, figs. 10-12, 14; pl. &, fioe 1.9,
Miogypsine (Miogypsing) gunteri Cole, Drooger, 1954n, pp. 232233, pl, 2, fige. 25-27: De

Back, 1976, p. 17, pl. %, fig. 3,
Miagoypsing (Minguesiag gsterd Cole, Wildenhoes, 1991, pa12, pl2, fig. &, pld, figs. 6-9.tab

L4
M Cogpping gederi Cole, Raju, DA, | ¥ Geosc_tou.vol X11,No, 1, pp 53-65.

Populations of Misgypsing with lateral chambers and values of X between
125 and 9 arc pamed M. gunteri(Drooger, 1952, Wildenborg, 1991),

Typical assemblages of this species have been encountered in the lower Unit
(V1) of the Khabaz well-3 Section, and in the lower part of unit (VII) of both
sections, populations of Misgypsing 5.5 are intetmediale  between M guteri
and M tani. Part of the specimen in the assemblages A4 punters have 8 second
principal auxiliary chamber, The morphology of the sidewalls in of Miogypsing
5.8 may range in one rock sample from partly massive with only a few lateral

chambers o a fully developed of lateral chambers.
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6-2 Conclusions

1- The Oligocene carbonate of the Baba Formation and the comrespond

pverlying Miocene carbonate of the Azkand Formation were subdivided

intoe the following eight units from bottom te the top:

Baba Formation

Linit 1: Fine 1o very coarse bioclastic larger foraminiferal packstone grading

to grainstone.

Linit 1[: Fine to very coarse bioclastic larger foraminiferal packsione

Linit 1II: Fine bicclastic smaller Foraminiferidal packstones .

Unit IV: Fine bioclastic smaller foraminiferal wackstones to dolostones.
Azland Formation
Linit ¥: Fine bioclastic smaller Foraminiferal packstone.

Unit ¥1: Fine te very coarse bioclastic larger Foraminiferal packstone

Unit ¥11: Very fine to coarse bioclastic larger foraminifedral packsiones 1o

grainsionhe

Unit VIII : Fine to coarse bioclastics packstone to boundstone.

2. The Oligocene ~Miocene carbonate are deposited in open shallow marine

environment,
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3. Many morphometric series of  Lepidocyeling  (Nephrolepiding) were
distinguished for the first time from Irag by using biometric analysis of
Lepidocycling (Nephrolepiding) individuals, based on the mean values of (C,
Ajand o ) as following -

Specics Ay O w

& fonrmaaert A, =45 (Ca 5,25 a < L BES
Lo ex.nferc. moygam-tormnsert Ad=A" A0 LR s B9, 5< o' < TS
Lo g dl, Al A 3 =828 1925 <o <]09
Loewintere, proesarginaia-morganl - 3F< AT =4] 2= =4 199 < o " 208
L pra¢marginata 35 < AT <) =<3 08 < w

4~ Tt ig clear that the principle of nepionic aceeleration as defined by Tan Sin
Hok is applicable by analyses of carbonate sample means. On the basis of
the mean embryon size two types of assemblages could be distinguished in
the Early Aquitanian sediments. Type | with the smaller embryon and type
[T with the larger embryon,

5- Biometric analyses on Miompsivg reveals that the oldest species of
Miogypsinoides  represented by Miogypsinoldes  complanata and
Miogypsinoides formosensis accompanicd by the association Miggypeing
prnteri that are present in the lower part of the Azkand Formation of Late
Oligocene age (Chattian),

G- The Early Miocene association of Aflogypsing ss represented by
Miogypsing-gunteri-tani are oflen accompanied by Miogypsinoides . Most
of these are close to Miegypsinoides bantamensis,

T- The evolutionary trend in LepidocyelingfNephrolepiding)  shows
progressive complication in preimbryonic chamber represented by an



. _
'

r

-

incressing in factor (O and A') and decreasing in (@) factor mn grading
from Chattian (Baba Formation) upward into Early Aquitanian (Azkand
Formation).

The evolutionary trend in Miogypsing based on the gradual change in the
mean values of {X), The early frequency of Miogypsing gumteri with mean
values (X= 9-12) recorded from the lower part of the Azkand Formation in
both sections associated with old Chattisn Miogypsinofdes complanaia
and Miogypsinoides formosensis with their mean values of (X) between
(10-13), but the Miogypsime gumteri-tand with their (X7) values about (9-
11} has occurred in the wpper part of Azkand Formation (Carly
Aquitanian), simultaneously with Miogypsinoides baniamensis with their
mean values of (X) about (E3-10).



|45

References

Abid, A, A., (1997): Biostratigraphy and Microfacies of the Late Oligocene-
Mincene farmations center and north Trag. {Unpublished) Ph.D. Thesis, Coll.
Of Sci. Baghdad Univ., 258p. (In Arabic)

Adams, €. G., (1984): Neopene Larger Foraminifern Evolutionary and
Geological Events in the context of daum Plaines. In lkebe, N, and R,
Tsurchi, Eds. Pacific MNeopgene dawm plane., 47-67. Univ. of Tokye .

Adams, C. G,  [1987): On the  classilication  of  the
Lepidocyclinidae(Foraminifera) with re-description of the unrelated Paleocene
aerizra Actinosiphon and (hbitosiphan, Micropaleoniology, yol. 33, na.4,
pp.289-317, pls. |4

ALGuburi, H. M. Q, and El-Esa, R. M., (2002): The stratigraphy and
depositional environment of Paleogene —Lower Neogene subsurface sequence
- the area between Bai-Hassan and Al-Qayarah oil fields. 3™ lragi Geological
Congress, Baghdad,

Al-Hashimi, L. A. 1, and Amer, R.M., (1985) : Tertiary Microfacies of
leaq, D.G. peol. Surv. Min. Invest, Puli., Baghdad, 56pp, |7figs, |59pls,
(5.0.M.),

Al-Khadhimi, F., Varujan, Sissakian, Dhikran amd Duraid., {(1996):
Tectonic map of Irag, Swate Company of Geological Survey and Mining
{Geosury). Baghdad.

Al-Omari, F. 8., and Sadek, K., {1972): Occurrence of Miogypsina (s.5.) in
Lower Fars Formation from Northern Irag (Bashiga area). J. Geol, Sec. drag.,
vol. ¥, pp.313,

Al-Omari, F. 8., and Sadek, K., (1975): Contribution 1o the Miocene of
Northern lrag by means of Miogypsinoides, Revisty  Esponadla,  de
Micropalgontologia, Nfmero, espessial, enera, pp. 37-42,



1560

Bakkal, K. K. and Al-Ghurari, M. F. T., {1993): Sedimentological and
paleantological study of Oligocene-Miocene boundary basal conglomeraie
Unit, west of Iraq. Jour. Of Science and Nature, vol. 2, no. |, pp. 22-27,

Barker, R. W, and T, F. Grimsdale :(1937): Studies of Mexican fossil
foraminifera Ann. & Mag. Nat. History, 5. vol. 10,

Bellen, R. C. Van., (1956): The steatigraphy of the main Limestone of
Kirkuk, Bai-Hassan and Qarah Chaug Dagh structures in Northern lrag. frst.
Parralenm fointd. vol. 42, London

Bellen, R. C. Yan., Dunnington, H. V., Wetyzel, B and Morton, 1),
(1959): Lexigue Stratigraphigue, International. Asta, Irag, vol, 3, fase. 10a,
333, pp.(1960).

Bickart, J. W., T. bor, R. Réttzer, Drooger C. W, & J. E. Meluleerkamp.,
(1985): Megalospheric Heterosteging depressa from Hawair in sediments and
Laboratory clusters. Proc. Kon. Ned, dkud. Wer. Ser B, vol. 88, pp. [-"120.

Blow, W. H., (1969) : Late Middle Eocene to recent planktonic foraminiferal
biostratigraphy . Proc. 1™ Conf. Plankt, Microfoss., Geneva 1967; 1, p. 199-
422, Brill, Leiden.

Bolli , H. M., (1966): Zonation of Cretaceous to Pliocene marine sediments
based on planktonic Foraminifiers, Asoc,, Venezolara geol. Min. Per Bol
Inform, vol. 9, no.d, pp. 3-32, 4 tables.

Bolli , H. M, and Krasheninnikov, V. V., (1977 Problems in Paleogene
and MNeogene correlations based on plankionic Foraminifera. Micropal,
vol23, no. 4, pp. 436-452, figs. |-T.

Boudgher-Fadel, M. K., (2002): The stratigraphal relationship between
planktonic and larger benthonic foraminifera in Middle Paleocene to Lower
Pliocene carbonate facies of Sulawesi, Indonesia, Micropaleoniology, vol. 48,
no.2, pp. 153-176, text figures, 1-7, plates, |-4, appendex, 1.

Boudgher-Fadel, M. K. Lord, A. R. and Banner, F. T., (2000):
Miogypsinidae (Foraminifera) in the Miocene of Borne and nearby countries,
Revue Paldobiol, Gendve, vol 19, no. |, pp. 137-1538.

Bronimann, P., (1940} Uber die tertiiven Orbitoidider und die Mioypsiniden
von Morthwest-Narokko. Schweiz. Pal. Abh., Band 63, pp. 1-111.



Buday, R. T., (1980): Stratigrapgy and Paleopeopraphy in Kassab, [ M., and
lagsim, 8. Z. (edsy, The regional Geology of frag. vol. 1, dircct, General,
Cicology, Surv, And Mimne. Invest., Baghdad, pp. 1-345.

Buday, R. T., and Jassim, 5. Z., (1987): Magmatisim and Metamorphism, in
Kassab, L. 1. M. and Abas, M, J; The regional Grealogy of lrag. vol. 1, State
establisha of Geology. Surv. And Mine Invest, Baghdad, pp. 1-352,

Butterlinm, J., (1987): Origin el evolution des Lépidocyelines de la région
des Caraibes. Comparaison et rclation avec les Lépidociclimes des autres
region du monde. Revaee Micropal,, vol. 29, p. 203-219.

Chaproniere, G. C. H., (1980): Biometrical studies of Early Neogene larger
foraminiferafrom Australia and Newzeland, Alcheringa, pp. 435,

Chaproniere, G. C. H., {1983} Tertiary larger foraminiferids from. the
Morthwestern margin of the Queen slend plateau, Australia, Bureau, Mineral
Resowrces. Australin, Bulletin, vol. 217, p. 31-57.

Chaproniere, G. C. H., (1984): Oligocene and Miocene  Larger
Foramintferida from Australia and New Zeland. BMR Bulletin, 188,

Cole, W. 5., (1938): Stratigraphy amnd Micropaleontology of two deep wells in
Florida. Florida CGeol. Swrv, Bull, vol. 16, pp. 1-73.

Ciyroky, P. and Karim. 5. Abdul,, (1971a): Stratigraphy and paleontology
af the Oligocene and Miocene strata near Anah, Eupgrates valley. NIMMCO
repoprt, SOM Library, No. CZ. 114, Baghdad.

De Bock, J. E., (1976} Study on some Miogwpsinoides-Miopunsing 5.
association with special references to morphological features, serpd. dgeol.
vol. 36, 135pp.

De Mulder, E. F. J., (1975): Microphona and sedimentary tectonic history of
the Oligo-Miocene ol the Joniane lslamnd and ‘Westem Europe {(Greece).
Cirecht. Micropad, Bull, vol. 13, 140,pp.

Ditmar, ¥.m, N. T. Kurenkov, (3 M. Mohonkov, Hassan K., Kaddowori N.
and Y. K. Al-Haba., (1971} Geological conditions and hydrocarbons
proispects of the republic of Iraq (Morthern and Central parts). Technical
repaprt, LN O.C, Library, Baghdad.



Douvillé, H, ., (1898) : Sur 'sge des couches traverse'es par le canal du
Panama . Soc, Ge'ol. France, Bull.; vol.3, 26, p. S87-600.

Douvillé, H. ., (1908): Obsevations sur les faunes & foraminéfers du sommet
du Nummulitique italien. Bwlf Soc. Geol. france, vol.d4, no 8, p. 88-935.

Douvillé, H., (1911): Les foraminife'rs dans le tertiare des Philipines. Philip,
Jowrn, Sci; vol6. p. 53-80.

Dowville, H., (1924-1925); Re'vision des Le'pidocyelines. Soc. Ge'ol. France,
Me'm., Vol (1), 2, p. 1-50. (2) p. 51-115.

Drooger, C. W. (1952} Study of Americon Miogypsinidac. Thesis
Univ.Uitrecht, p. 1-80.

Drooger, C. W. (1954a): Miagypsing in Northern ltal. Proe, Kon, Ned, dkad.
Wer, ser. B, vol. 57, pp. 227-249,

Drooger, C. W. (1954h): Miogypsing in northwestern Moroco, Proc. Kow,
Ned, Akad Wel, ser. B, vol. 57, pp. 580-591,

Drooger, C. W. (1956): Transatlantic correlation of the Oligo-Miocene by
means of foraminifera. Micrapal, vel.2, pp. 183-192.

Drooger, C. W. (1963): Evolutionary trends in Miogypsinidae. Evol. Trends
in foram., p. 315-349. Elsevier Amsterdam.

Drooger, C. W. (1966a): Miocgypsinidae of Europe and North Africa. Proc.
Third Sess. Comm, Medit. Neog. Strat,, Berre, 1964, Brill, Leiden, pp. 52-54.

Drooger, C. W. (1966b):MNotes on Miogypsing of Cameron. Proc. Sec. W,
Afr. Micropal. Call, Holland, 1965, pp, 44-48.

Drooger, C. W. (1984): Evolutionary pawtems in lineapes of Orbitoidal
foraminiferskon. Ned. dkad Wer, | ser. B, vol. 87, pp. 103-13(,

Drooger, C. W, (1993): Radial Foraminifera Morphometrics and Evolution,
verhamd, Kon. Ned. Akad. Wetensch. Amesterdam, p. 1-241.

Drooger, C. W. and Freudenthal, Th. (1964): Associations of
Mivgypsing and Lepidocyeling at some Europlan localities. Ecl, Geol.
Helv; vol, 57, p. 509-528,



|53

Drooper, C. W, and Laagland, H.,M (1986): Larger Foraminiferal
zonation of the Buropian-Mediteeriane Oligocene. Proc. Kon Ned.

Akad Wet., ser. B, vol. 189, pp. 135-148.

Drooger, C. W, and Raju, D. 5. N., (1973): Protoconch diameter in
the Miogypsinidae. Proc. Kon. Ned. Akad. Wet,, ser. B, vol, 76, pp.

206-216.

Drooger, C. W, and Raju, D. 8. N., (1978): Early Miogypsinoides in
Kutch, western India, Proc. Kon. Ned. Akad, Wet., ser. B, val. 81, pp.

186-211L

Drooger, C. W. and Robling E. j., (1988): Lepidocyling migration across the
Atlantic. Jou, OFf Paleontology , Procceedings loninklijike Nederlandse
Academic van welenschappen, (B), vol. 91: p. 39-52.

Drooger, C. W. and Socin, C., (1959): Miocene Foraminifera [rom
Rosignano, Morthern Italy. Micropaleontology, n. 3, p. 413-426.

Dunham, R. J., (1962): Classification of carbonate rocks according to
depositional texture, In: W.E. Ham (EDjelassification of carbonate rocks.,
Am. Ass, Pter. Geol. Mem. |,pp.108-121.

Eames, F. F., Banner, F. T., Blow, W, H,, Clarke, w, J, and Smout, A. H.,
(1962): Morphology  taxonomy and  swatigraphic  occurrence of
Lepidocyclinae, Micropaleantology, vol. (8), p. 289-322,

El-Eisa, M. E. 8., (1992): Coral reef of Late Oligocene-early Miocene,
Kirkuk and surrounding area. [ragi. Geol. Jour, vol.(25), no. 2, [ssued, p. 17-
32, (In Arabic

El-Eisa, M. E. 8., (1993): Secondary sedimentary cycles of early Miocene in
the fields around Kirkuk field, North Lraq, fragi Geel, Jowr. vol. (25), no. 1, p.
41-58. (In Arabic).

Embry, A. F, and J.E, Klovan, (1971):A lute Devonian reef tract North
eastern banks Island, NMorthwest Territories. Can. Petrod. Geol. Bull,, vol, {19),

pp. 7T30-781.

Fermont, W. J J., (1977a): Biometrical investigation of the penus
Operculing in recent sediments of the Gulf of the Elat, Utecht Micropal,
Bull, vol. (15), pp. 111-147,



155

Lange, H., (1968); Die Evolution von Nephrolepiding un Ewlepiding im
Oligoziin - und  Miozdn  der  Insel lnaka (Westgriechenland). Thesis.
Univ.Minchen

Lemoine, P. and Douvillé, R. (1904): Sur le gener Lepidocyeling Gimbel.
Meém, éol. France, vol. (12), n, 2, mém, 32, p.5-14,

Matsumaru, K., (1971): Studies on the genus Mepdrodepiding in Japan. Ser.
Rep. Tohokn Univ., vol. (2}, n. 42, p. 97-185.

Matsumaru, K., (1990): Anew genus of the Miogypsinid foraminifera from
south west Japan. Trans. Proc. Paleonl Soc, Japan, N. 5., no. 158, 6 figs. pp.

a33-339,

Matsumaru, K., (I992): some Miocene Nephrolepiding {Family
Lepidecyelinidag) from the Shimohireiwa formation, [zu Peninsula, Japan.
Centenary of Japanese Micropaleontology, K. Ishizaki and t. saite eds., p.
257-265.

Michelotti, (., (1841): Sagpio Storico dei Rizopodi caratteristici dei ftermeni
soparacretace. Memorie di fisied, vo. 22, p. 253-302.

Mohammed, Q. A., (1983): Biostratigraphy of Kirkuk Group in Kirkuk and
Bai-Haszan areas, Unpublish. M.5¢. Thesis, coll, Sci. Univ. of Baghdad.

Mohler, w. A. (1946): Lepidocyeling crucifera n.sp. ausdem. Burdigalian von
Ost. Borneo, Eel. Geol, Helv,,  vol. 39, p. 302-309,

Mortara, E. F., (1987): Miogypsinid dell aerie Oligo-Miocenica dellacolline
della societe di tomio (ltalia nord-occidentale) Paleontologica, Italiana, vol,
(26), no. {1-2}), p. | 19150,

Morton, S. G., (1833); Supplement to the * a synoposis of the organic
remains of the ferruginous sand formations of the US.A" Am. Jowrn. Sef.

ared Arts. vol, (17,18), no. 23, p.288-294.

Mulenkamp, J. E. and Amato, V., (1972): Cycloclypeus and Mephrolepidina
from the Oligocene of mellero (M. [taly). Id., (B}, 75, p. 34-47.

Muthukrishnan, 5., and Saraswati, P'. K., (2001} Shape analysis of the
mucleaconch  of  Lepidocyclina  from  Kutch-ataxonomic  interpretation,
Micrapaleoniology, vol. (47), no. |, pp. §87-92, text figures, 1-33, plates 1,



| 56

Newton, R. B, and Holland, K., (1899): On some Tertiary Foraminifera from
Bornea and their comparision with similar forms from Sumatra. Ann. And.

Wlag. Nat. Hist. (7); 134, P 245-204,

O'Heme, L. and Van Der Vilerk, L M., (1971): Geological  age
determinations on a biometrical basis (Comparision of eight parameters),
Bolletting, Defia peleamtolagica fralianrg, vol. 10, no. 1, p. 3-18,

Raju, . 8 M., (1974): Study of [ndian Miogypsinidae, Utrechr Micropal,
Bull. Sery. Geal., vol. (9), 149p.

Raju, D. 8. N, (1991); Miogypsina scale and lidian Chronostratigraphy.
Geoscience furnal, vol. (X11), ne. 1, pp. 53-63,

Rutten, L., (1912, 1913, 1914): Studien Gber Foraminiferen aus Ost-Asien,
Geol Rechsmus, Leiden, Sammi. vol. (1), no. 9, p. 201-200, p. 281-324,

Sacceo, F. (1893): Sur quelques Tinoporinae du Miocd de Turin, Bull Ko,
Belge Géal Pal, & | fide, vol. (7), p. 204-207,

Sarazwali, P, K., (1994} Biometric study of Lepidocycling (Nephwalepiding)
from Kutch Ssuyashira and Quilon. JSour. OF the Gealogical yocien af ndia,
vol (44), no. [, p. 79.90,

Saraswati, P, K., (1995); Biometry of early Uigocene Lepidocyeling from
Kutch, India. Marine Micropal, val. (200, p. 303-31 |,

Suraswati, . K., (2000); Morphometric of some Lepidocyeiine Foraminifera:
Applications in Taxobnomy and Biostratyipraphy. Geological datum Anatysis
statistical methed, Hindistan Publishing,

Saraswati, P. K., {2003); Progress in the morphometrics of Foraminifers
Gowd. Geal. Mag., spr. vol.{6), pp. 1 1-18.

Saraswati, P. K. and Kumar, A, (1994): Protoconch size of
Lf,r:r'nf:.rqvc."rm:r.i't@,uhrufepim'na; a potential paleoclimatic indicator. of Creal,
Soe, O India, vol. (d4), p. 475-478.

saraswati, P. K. and Kumar, A, (2000): Morphometrics of some
Lepidocycling Foraminifera: applications in Taxonomy and Biostratigraphy.
Geological data analysis: statistical methods. Hindistan publishing corparation
(India} New Delhi. P, 63-70, Figs, 6.



| 57

Scheffen, W., (1932): Ostindische Lepidocyclinien | Wer Med [enst
Nifinb. Ned Indié, vol. (21), p. 5-47, -

Schivinotto, F,, (1985): Different evolutionary stages in the Miogypsinidae
from Sardinia, bull. Soc.. Paleont faliona maodena, vol, 23, no.2, p. 381-393,

Schivinotto, F., (1992): the nesnic stage of Nephrolegicing tournoweri-
biometry and  biostratigraphic  implications.  Bull.  Della, Socicta,
Pualeantologic. italfana, val, 31, no.2, p.189-206,

schlumberger, C., (1900): Note sur le genre Mivgvpsing. Bull. Soc. Géol.
Fr., vol. (28}, pp. 327-333.

Seyrafian, A. Vaziori, H. and Torabi, H., (1996): Biosiratigraphy os Asmari
Formation, Burujen area, [ran. ). Sci [ &, fran, vol, (7), no. (1}, pp. 31-47.

Souaya, F. L, (1961): Contribution 1o the study of Miogypsing 4. from
Egypypt. I/ statistical investigations / Il general conclusions. Proc, Ko,
Ned. Akd. Wet, ser. B, vol.(64), pp. 665-705,

Studies Staffs, (1988): Geological studies for Tertiury oilfields in Jambur
oilfield, N.0.C, Kirkuk, unpublished. (Tn Arabic).

Studies Staffs, (1992): Geological studies for Tertiary oilfields in Khabaz oil
field, M.0.C, Kirkuk, unpublished. {In Arabic).

Tan Sin Hok., {(1932): On the genus Cyelochpens carpenter, Part, | and
appendex on the Meferosteginus of Tjimangoe, s. Bantam, Jarta, Wet. Meded.
Lienst, Mifinib. Ned. Indie, vol.(19), pp. 34-194.

Tan Sin Hok., (1935): Dic peri-enbryonalen Aqyatorialkammem bei einigen
Orbitoiden. De Ingenieur in ned. Indig, IV, Mijjnb. En Geoi. Jaarg. 2, no. 12,
p- 113-126.

Tan Sin Hok., (1936a):Zur Kenntnis der Miogypsiniden. De Ingenieur in
Med. Indid, Jaarg. 3, no. 3, pp. 45-61. no.5, pp. 84-98, no. 7, pp. 109-123,

Tan Sin Hok., (1936b): Beitrag zur Kenntnnis der Lepidecycliniden. Proc.
Kon. Akad. Wet. Amsterdam, 39, p. 990-999

Tan Sin Hok, (1937): weicre Untersuchungen Uber dic miogypsiniden,
Delngenienr in Ned. Indié, jaare. Vol 14, no.d, pp. 3345, no.6, pp. 87-111,



158

Ujiie, H., (1966}: * Evolutionary line” of Miocene Miogypsinid populations-
Pestudy of the Japanes Miogypsinoldes part 2, Budl, Nut, Scii Mus, Tokyo, vol.
(%), n. 3,

Ulrike, W., (1998): The Oligocene/Miocene Larger Foraminiferal
assemblages of Iran in the scope of the closure of Tethys. International
symposdium on Foraminifers, Monterrey, Mexico, July 5-12. (Sociedad
Mexicans paleontologia, A.C. special publication).

Yan Der Vierk, 1L.M, (1924): Foraminiferen uit het Tertiair van java . wel
Meded, Diensi Mijink, Ned Indié, vol. (1), p. 16-35

Yan Der Vierk, LM, (1925): A study of tertiary Foraminifera from the *
Tidhmerziche Landen” feast Bornea). Id., vol. (3), p. 13-38.

Van Der Vierk, LM, (1928):Het genus Lepidocyeling in het Indopacifische
rehied, Id, vol. (B), p. 7-86.

Yan der Vierk, 1.M, (1929);Groote Foraminiferen van Moord-Oost borneo,
Id., vol. (%), p. 5-44.

Van Der Vierk, LM, (1957): Des Stratigrafische betekensis van het “genus
Lepidocyeling™. Proc. Kon Ned Akad, Wet,, (B); vol. (66), p. 23-27.

Van Der Vierk, LM, (195%a): modification de I'ontogénése pendant
I"évolution des Lépedocyclines (Foraminifers). Soc, Géol, France, bull. 7);
vol. (1), p. 669-673.

Van der Vierk, LM, (1959b):Problems and principles of Tediary and
Cruaternary stratigraphy. Geol. London, Quart, Journ:,, 115, p, 49-63,

Van Der Vierk, LM, (1%63):Biometrical research on Lepidocpeling
Micropal. vel. (9), p. 425-426.

Van Der Vierk, LM, (1973): An improved methods of biometrical research.
Proe. Kon, Ned Akad, Wel, (B): vol. (T6), p. 245-259,

Van Der Vierk, LM, (1974): Nomenclatural and numerical taxonomy (names
and numbers). Verhandi. Naturf Ges. Bavel; vol, (84), p, 245-255,

Van Der Vierk, LM, and Gloor, H., (19%68): Evolution of an embryo,
Genetica,, vol. 36, no. |, p. 45-63,



| 5%

van Der Vierk, LM, and Postuma, J. A, (1%67: Oligo-Miocene
Lepidocyelinas and plankionic foraminifera from East Java and Madura,
Indonesia. Proc. Kon, dkad Wes., (B); vol (70, p. 391394,

Van Der Vierk, LM, and Umbgrov. (1927): Oligo-Miocene Lepidocyclinas
and plankionic foraminiferal from East Java and Nadura. [ndonesia,
Koningklijke Nederfand akademie van wienschappen amesicrdam, series B,
69, Miyrboww in Nederlandsch-Oost=fadié, vol. 9, p.1-45,

Van Heck, 8. E. and Drooger, C. W, (1984): Primitive Lepidicyclina from
San Vicente de laBarquera (N. Spain), Proceedings Koninkiijke Nederiabndse
acadenic van Westenschappen, (B), vol. (87), no. 3, pp. 301-318,

Van Vessem, E. J., (1978): Study of Lepidocyclinidae from south east Asia,
Particularly from Java and Borneo, Utrechs Micropa! Bul. vol. (19), B4 figs.
10 plates, 162. p.

Vaughan, T. W., (1924): American and Europian Tertiary Larger
Fortaminifera. Bull, Geol. Soc. America, vol. (35), p. TB5-822.

Vaughan, T. W., (1929):Additional new species of Tertiary Larger
Foraminifora Jamaica. Jour, Palcont, Laurone {Texas), vol. 3, p. 373382,

Verbeek, R. . M. and Fennema, R., (1896): Geologische beschrijving van
Java en Madura (1LIT}, p. 1-1135.

Vervloet, ¢, C., (1966): Stratigraphical and Micropaleontological data on rthe
lertiary of southern Chemont{North Ialy). Thesis Linty, Utrecht, Schotauus &
Jens, Utrechi.

Wildenborg, A. F., (1991): Evolutionary aspects af the Miogyvpsinids in the
(Wipo-Miocene Cavbonates near Mineo [Sicily), printed in the MNetherlands,

44figs., 6 plates, 140pp..

Yabe, H and 8. Hanzawa. (1928): Tertiary foraminiferous rocks of Taiwan
(Formasa), Jmp Acad. Tokyo, Proc., vol, (40), pp. $33-536.



Plate -1-

Figure (1): Coarse Foraminiferal packstone, Unil (V) Sample (7 ), Khabaz
well-3 section, Azkand Formation, (15X)

Figure (2): Fine bioclastic smaller Foraminiferal packstone, Linit (11),

Sample
(14 ), Kirkuk Well-19 section, Baba Formation, (15X






Plate -2-

Figure {1 }: Smaller Foreminiferal packstone, Usit {VID, Sample { 26), Qarah
Chaug Dagh section, Azkand Formation. [15X)

Figure (2):Coarse grainstone into packsione with Amphisteging and
Lepidocyeling  (Nephrolepiding), Unit (VI1) Sample { 18), Qarah Chaug
Dagh section, Azkand Formation, {15X).






Plate -3-

Figure {I):- Foraminiferal packstone, Unit (11}, Sample (20 ), Bai-Hassan
well-4 section, Baba Formation, {15X)

Figure (2):Foraminiferal wackstone tg dolostone, Unit (1v), Sample (23 ),
Bai-Hassanwell-4  section . Biba Formation. (15X)
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Plate -4-

Figure (1): Foraminiferal bioclastic packstone, Unit (1), Sample ( 3), Kirkuk
well-19 section, Baba Formation. (15X

Figure (2):- Foraminiferal packstone 1o grainstone, Unit {VI), Sample (22),

Khabaz well-3 section, Azkand Formation, {15%)






Plate -5-

Figure (1 ):- Legndoacyeling (Nephrolepiding praemarginagra, Unil (1)sample( | ),
Kirkuk well-| % section, Baba Formation , (40X )

Figime (2):- Lepidocyeling (Mephrolepiding) proemarginaia, Unit (1), sample
(3}, Kirkuk well-19 section, Baba Formation {45X)

Figures (3-d):- Lepidocycling (Nephrolepidina) pracmarginae.
Linit (1), samples (11), Kirkuk well-19 section, Baba
Formation, (40X).

Figure {3):-Lepidocyeling (Nephrolepidingjprasmargingia, Unit{ ), sample(] 1)

Kirkuk well-19 section, Baba Formation, (40X),

Figure (6):- ):- Lepidocyeding (Nephrolepiding) praemareingta Unil {n,

sample (3), Kirkuk well-19 section, Baba Fo rmation, (40X},

Figure (7):- Lepidocyeling {Nephrolepiding) pragmarginata,Unit (1), sample(7)
Bai-Hassan well-4 section, Baba Formation.(40X)

Figure (B):- Lepiclocyeding (Mephrolepiding prasmarginga,Unit (11), sample( 7)
Bai-Hassan well-4 section, Baba Formation (35X
Figures (9-10): Lepidoeyeling (Mephrolepiding)pracmarginata Un it }.sample
(15}, Bai-Hassan well-4 section, Baba Formalion.(35X)

Figure (11}~ Lepidacicling (Nepfralepiding) pracrarminata, Unil (I samplef 1 6)
Bai-Hassan well-4 section, Baba Formation.{40X)

Figure (123~ Lepidocyoling {Nepfralepiding) Praemarginata,Unit (Nsample;16)
Bai-Hassan well-4 section, Baba Formation,






Plate -6-

Figure (13- Le-pidr_rcyc;ﬂirra rHelererapMinwax. infere prnmurgfnma-mwgani
|- 14 section, Baba Formatiorn{33X ).

Upit (1), sample | Ly, Kirkuk wel
X, dnlerc gw'a.g.nﬂn'ginwa-ur:w‘;l;dni,

Figure (21 Leptdocycling iNeptwrolepidingl
Upit {113, sample | |4} Kirkuk well-1% section, Baka Formation(40X}
Figure (3):- Lepidocyeling (Nephrolepidinalex. imrerc
Unil(!l},aamp'ln{]ﬁ} Eirkuk welll? section, Paba o
Figure (4)- Lepidpcyclina (Wephrolepidinalex e pmemm'glmm-margmn.
Uuit{lh,ﬁamp'lctlﬁ‘.l Kirkuk well-19% geelion, Bahi Formation{(35%)

Figure (3= LI:!FI':II:JE!_'I.'I;'HIJEI m'q';-hmlc:,-_u'dlnn}m-. fiters prn&annrrginafmargﬂm',
Uit (11 semple | | &), Bai-Hassan well-d section, Boba Formation.{33X}

(B I..Epl’ifﬁn::_]m'fr'.nﬂ {Hephrdﬁpf:.fénu,iﬂ: fiiere prﬂﬂﬂar'gfmrﬂhmm'gmar',

_Hiassan well-4 section, faba Formation.(40%)

Uit (11, 5ample {183, Bai
{]'-.[E;Jilr{dupr'{firrﬂ,le.r. intere pmemargl'naf:r-mm-gnm’.

an, Baba Formation.(40X)

pmemurg.irraru-mawm,
rination (40K}

Figure

Figure (73 Lepidneyeling

Uit (10, sample |4}, Bai-Hassan wll-4 secti
i fex. imterc ;ramﬂrgfﬂmu-m{:rgﬁmi.

Figure (8- Lepidocycting (Nephralepid

Unit (10, ample (19, Pai-Hassan well-4 section, Baba Pormation (40X}
Figure [9)- Lepidacycling (Nephrolepidinales. inlere pl'ae.mnrgr'nﬂm-mnfgaﬁ!.
Uinit ([T} sample {19}, Bai-lHassan well-4 sa:l.inniﬂahmFurmmimL[-m]{j

Y- Lepricloeyeling {Nephrolepidinties.
assan well-d section, Baba Formation

JUnit {HMalnp'Ie{lﬁ‘,lH ai-H

drers pr.::-emm-ginarﬂ-rrmrgunf,

Figure (10
L300

iNephrolepidinajex. IHEFE prnﬁmﬂrgirra.ru-mnrgmi
n, Baba Formation(35X)

Unit {1),sample Lk

Eigure (11} Lepidocycling
Unit (11, samplel 1), Bai-Hassan well-4 sechio
ichpeyeling iMaphralepiding pragmarginate,

Figure (123 Lep
L% section, Baba Formation (35X

Kirkul well-






Plate -7-

Figure (1):- Lepidocyeling (Nephrolepiding) morgani Units (111),sample (18),
Kirkuk well-19 section, Baba Formation. (30X}
Figure (2):= Lepidocyeling (Nephralepidina) margani Units (H1),5ample (209,
Kirkuk well-1% section, Baba Formation.(30X)
Figure {3):- Lepidocycling (Nephrolepldina) mergani, Unit (111}, sample (18),
Kirkuk well-19, section, Baba Formation, (35X).
Figure (4):- Lepidecycling (Nepivodepicing) morgand, Unit (111}, sample (20),
Kirkuk well-19, section, Baba Famation, {30X).
Figuve (3):- Lepidocyeling (Nephrolepiding) margani, Unit (IT), sample (22},

Bai-Hassan well-19, section, Baba Formation, (30X).

Figure (6):- Lepidocyeling (Nephrofepiding) morgani, Unit (11), sample {22),
Bai-Hassan well-19, section, Baba Formation, (35X,
Figure (7):- Lepidecyeling (Nephvolepiding) movgant, Unit (1V), sample (23),
Bai-Hassan well- 19, section, Baba Formation, (30X).
Figure (8):- Lepidocyeling (Nephralepiding) mergani, Unit (V), sample (T),
Khabaz well-3, scction, Azkand Formation, (30X).
Figure (9):- Lepidocyeling (Nephrolepiding) morgani, Unit (V1), sample (16,
Khabaz well-3, section, Azkand Formation, (40X).
Figure (10}:- Lepidocyciing (Nephrolepiding) morgand, Unil (V), sample (3,
Qarah Chaug Dagh, section, Azkand Formation, (30%).
Fipure (11)k- Lepidocyeling (NMephrolgpiding) morgand, Unit (V1) sample (12},
Crarah Chaug Dagh, section, Azkand Formation, (X 30).
Figure (1 2+ Lemdacyeling fNephrofepiina )l wworgand, Umit (VED, sample (18),
Orarah Chowg Dagh, section,






Plate -8-

Fipures { | ):-Lapidocyeling (Nephralapiding) eovgani, Unit (V1i), sample (18),
Qarah Chauq Dagh section, Azkand Formation,[30X).
Figure {2):- Lepidocyoling (Nephvolepiding) morgand, Unit (V11), sample (200,
Crargh Chaug Dagh section, Askand Formation{30X ).
Figure (3):- Lepidecycling (Mephrolepiding movgand, Unit (V1), sample (22),
Khabaz well-3 section, Azkand Formation{35X).
Figure (4):- Lepidocyeling (Nephralepidinalex. inferc.morgani- tournonerd, Unit
{W1), sample (28),Khabaz well 3 section, Azkand Formation, (X40).
Figure (5):- Lepidocyeling (Nephrolepiding)ex. infere.morgani- tosnoierd, Uit
(%1, sample (3 1), Khabaz well 3 zection, Azkand Formation, {X30).
Figure (6):- Lemidociceling (Nephrolepicdinalex inferc morgani- tourmonert, Unit
(VII), sample (32);Khabaz well 3 section, Azkand Formation, (35X,
Figure (T)- Lepidocyeling (Mephrolepicing)ex. intercmaorgani- tosrnowerd, Unil
{Vil}, sample (35}, Khabaz well 3 section, Azkand Formation, {30X).
Figure (8):- Lepidocyedime (Nephrolepidinglex. imferc.morgani- fourmouerf, Unit
(VI sample (36} Khobaz well 3 section, Azkand Formation{35X).
Figure (¥):- Lepidocycling (Nephrodepidinajer, mierc.norgani- owrnawer,
Linit {W1I), sample (35), Khabaz well 3 section, Azkand Formation,

Fignare (107:= Lepidocyeling (Neplvalepidinalex. imerc. margani- fonrnoner!,
Ulnit (W1, sumple (21),Crarah Chaug Dagh section, Azkand
Formation, {(40X],

Figure {113~ Lepidocyeling (Neptralepidinalex. inferc morgani- fonrmoeri,
Uit [VIL), sampbe (21),Qarah Chaug Dagh section, Azkand
Formation, (30X}
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Plate -9-

Figure { | - Lepidocyeting .f."'.-’e,.l?.brrh"ep-kﬁmjﬂx niere

g TR Fer e,
Unit {11, simple (21 ) Qarah Chaug Dagh section, Axkand
Formation, [ HIX),

3 settion, Arzkand Formation(40x |
Figtire ($):- Lepidocyeding W#phrcdemdﬂm,rex. nierc. mor g R,
Linit {11, sample (351, Khabay well-3 section, Azkand Formation,
(40X,
Figure (4) Lepicdoryeding ﬁ'n‘iep}]u;..'ep.r.:v‘fhaj lowrnguert, Unit (V1) smple {37)
Khabaz wel]-

Frgure (5). Epideeye) e ri"n’qurmfxp.r'ﬂ?m,.' ferurnsieyy,

Uit (Vi sampie (42,
Khibaz wefl-

3 section, Azkand Fermnation, (35X,

r?vﬁ;#rl'ﬂiepr'e'&'m,.l fovrneyers, Unit (Y1), sample [44)
-3 section, Azkan Farnution, (45X).

Figure ¢ 3. Lepidacyefing .:Ti‘epiw-aa’fpﬂ;-'.-'naj Itwnguerr, Unie (v, sample {50}
Khabaz well-3 section, Arkand Farmation, (440

X

Figure (8)-- Lepsidocyef g fNE,m-‘rru{epfh’fm,l felerncer, Lnig (¥, sample (37}

Khabaz well.3 section, Arkand Farmation, (40X,

Figure [9).- Lepidocyciing r."'r’e,.::-.-'rnw'eﬂ.i:ﬁm) forrmonerd, [nj [V, sample (42)
Khabaz well-3 section,

Azkand Fu:u-matiml, (40X,
Figure | 10y Lepidocyvding iNVepdhral

i) foterners, L (v, sample (24)
(arah Chaug Dagh secti

o, Azkand Formation, (45X),
Figure (11 ). Lepidacpeling r’."'r’e,e,-.f.-.l'n.!'qp.-ld'ﬁw.;] ST
Qarih Chaug Dagh section

Flgure (17 - Lanfdncyeding ra‘r%,u-ﬁm!e;n-.r':

Linie {wim, sample {26)
» Azkand Farmation, (40X,

inal tourmoneri :
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Plate -10-

Figure (| k- Miogypsinoides complanare, Unit { V ), sample { 7 ) Khabaz well-3
Section, Azkand Formation, (40X,

Figure (2):- Miogypsinoides comgdanaia, Unit{ V ), sample { 7)Khabaz well-3
Section, Azkand Formation, (407},

Figure (1}~ Mrogypsinoides complanate, Unit (V] ), sample { 16 ) Khabez well-3
Section, Azkand Formation, (40X,

Figure {4):- Miogypsinaides complanata, Unit ( V1), sample [ 16 ) Khahaz well-3
Section, Azkand Formation, (40X,

Figure (5):- Micgypsinoides complarnata, Unil (Y b sample { 3 ) Qarah Chaug
Dragh section, Azkand Formation, (45X).

Figure {f}:- Micgvpsinaides complanata, Unit (V). gample { 3 1 Qarah Chaug
Dagh section, Aszkand Formation, (403,

Figure (7):- Misgvpsinoides complamata, Unit (Y ), sample { 6 ) Qarah Chaug
- Dagh section, Azkand Formation, (45X)

Figure (B~ Miogypsinoides complanaia, Unit (V ), sample { & ) Qarah Chaug
[ragh section, Azkand Formation, (45%)
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Plate -11-

Figure (1):- Miogypsinoides complarata, Unit {V ), sample { 7Y Khabaz well-3
seetion, Azkand Formation, {40X)

Figure (2)- Miogypsinoides complanata, Unit (V ), sample { 7 b Khabai well-3
section, Azkand Formation, {402)

Figure {3):- Misgpypsingides complanata, Uit [V 1), sample [ 16 3 Khabaz wel]-3
seclion, Azkand Formation, (40X

Figure {4):- Mingypsinoides complamata, Unit (V1 ), sample{ 16 ) Khabaz well-3
section, Azkand Formation, (40X)

Figure (5):.- Miogypsinaides complanata, Unit (V ), sample (3 } Qurah Chaug
Diagh section, Azkand Formation, (35X)

Figure (6)- Miogyvpsinoides complanata, Unit (W), sample { 6} Qurah Clituig
Dagh section, Azkand Formation, {35X)

Figure (T} Mingypsinoides complamata, Unit {V ), sample { 6 ) Qarah Chaug

Dagh section, Azkand Formation, 40X

Figure (By:- Miogypsinaides complanata, Unit (v ) sample (.6 ) Qarah Chaug
[agh section, Azkand Formation, (40X}
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Plate -12-

Figure {2):- Miogypsinaides formosensis, Unit (V1 ), sample (23 ), Khabaz well-3
section, Azkand Formation, (40%).

Figure (13- Misgypainoides formosensis, Unit (V1 ), sample (25 ), Khabaz well-3
sechion, Azkand Formation, (40X),

Figure (4):- Miogypsinoides formasensts, Unit (Y1 ), sample (25), Khabaz well-3
section, Azkand Formation, (40X,
Figure { 3):- Micgvpsinoides formosensiz, Unit {V ), sample (12), Qarah Chaug

Dagh section, Azkand Formation, (403,

Figure (6):- Mingypsinaides formosensis, Unit (V ] ) sample (12), Carah Chaug
Dagh section, Azkand Formation, (4 0x)

Figure {Th:- Miogypsinoides farmaosensiz, Unit (V¥ 1), sample (17), Qarahk Chaug
Dagh section, Azkand Formation, (400)

Figure (8):- Miomypsinaides farmosensis, Unit (V1] } sample (17}, Carah Chaug
Diagh section, Azkand Formation, (40X)






Plate -13-

Figure { 1):- Miogvpsinoides formosensis, Unit (V1 ), sample (23 ), Khabaz well-3
section, Azkand Formation, (40X,

Figure (2):- Miogypsineides formosensis, Unit (V1 ), sample (25 ), Khabaz well-2
seclon, Azkand Formation, {(40X).

Figure (3):- Miogypsinoides bantamensis, Unit (V11 ), sample { 38), Khabaz well-
3 aection, Azkand Formation, (35X,

Figure {4):- Mingnpainoides bantamensis, Unit (VI ), sample ( 39), Khabaz well-
3 section, Aczkand Formation, (35XL

Figure (5%~ Miegvpsinaides bamamensis, Unit (VD ), sample { 39), Khabaz well-
3 section, Azkand Formation, (35X)

Figure (6}~ Miogypsinoides bamtamensis, Unit (V11 ), sample ( 40}, Khabaz well-
1 section, Azkand Formation, {35X)
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Plate -14-

Figure (1 }:- Miogypsing. gunter! Unit (V11 ), sample (38 ) Khabaz well-
section, Azkand Formation, (40X).

Figure (2):- Miogypsing. ex. infere., gumberi —tani Unit (V111 ), sumple (49 )
Khabaz well section, Azkand Formation, (40X,

Figure (3%- Mlogyvpsinacx. intere. gunter! ~gami Unit (V11 ), sample (49 )
Echabaz well section, Azkand Formation, (40X,

Figure (4):- Miogypsing.ex. interc. gunteri —tani Unit (V11T ), sample (49 )
Khabaz well section, Azkand Formation, (40X).

Figure (5)- Miogypsing. gmteri Unit (V11 Yy, sample (3 ) Khabaz we]|-
section, Azkand Formation, {40,

Figure (6):- Miogypsing. guateri Unit (V11 ), sample (40 ) Khabaz well-
section, Azkand Formation, (40X),
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% Plate -16-

Figure ( 1):- Miogypsing. gunferi, Unit (VIE), sample | 20 ) Qarah Chawg Dagh

section, Azkand Formation, (40X,

Figure {2):- Miogypsing. gunteri- ex. intere, tani, Unit (V11), sample { 21 } Qarah
Chavg Dagh,section, Azkand Formation, (40X).

Figure (3)- Miogypsing. gunterd, Unit (VIIT), sample { 26) Qarah Chaug Dagh
section, Azkand Formation, (403,

Figure (4):- Misgupsing. gntert, Unit (VI1), sample (20 ) Qarah Chaug Dagh
section  Azkand Formation, [35X).

Figure { 5):- Miogypsing. gureeri, Unit { V11 ), zsample (20) Carah Chaug Dagh
section Arkand Formation, (40X).

Figure (6):- Miogypsing. gunterd, Unit ( VIL ), sample (18) Qarah Chaug Dagh,
section, Azkand Formation, (40X,






Appendix

Table 1: Basic statistics for Lepidocyelima (Nephrolepiding) in Kirkuk
well 19 section , 6 = Standard deviation of sample; N= Number of
observations in sample.

SampleMo, C 6 N Ay, BN InoAa N e & N

20 49 14 13 425 148 13 31958 1536 13 1939 1942 11
L& 48 LT 12 DL IZ 0 320 T 120 1%6TS 2205 [z
] 29 e 1 407 3TT 00 3208 06T 10 2077 XM |0
4 35 15 12 408 375 12 3458 764 12 265 3713 Iz
I 2 083 Il 364 446 10 29803705 |1 2@ 1791 1)
1 231 0% 11 3RN XT® O11 0 3124 82.06 11 2182 I6sa 11

I o B 368 449 12 3159 TReT 12 23BA 106 12

Table 1! Basic statistics for Lepidocyeling (Mephrolepiding) in Bai-Hassan
well 4 section , 6= Standard deviation of sample; N= Number of
observations in sample.

Sample No.C" 6 N A, 6 N ¥y 6 N a 6 N

23 47 139 14 428 1§ 14 386 5572 14 1949 13 14

22 46 148 12 424 1712 3253 2797 12 1968 177 12
20 32 482 10 398 087 10 3615 1072 10 20453583 10
19 3.3 481 13 402 DT 13 315 B4.19 13 200, 83545 13
1§ 34 298 13 390 | 13 2477 BI.51 13 2008 2647 13
16 2 37% 13 36T 055 13 26552745 13 2269 1691 |3
13 21 433 10 367 074 10 2577 38% 10 22631 1441 10

7 2 33z 353 063 11 295 WT 11 2276 11T 1)



Table IIl: Basic statistics for Lepfdocyeling (Nephrofepiding) in Khabaz

well-3 section,

6 = Standard deviation of sample; N= Mumber of observations in sample.

Simple Mo, © & N AL, B M r: @& M ¢ 6 M
30 59 16 14 496 375 14 3861 1042 14 1724 2446 14
49 56 X2 12 479 3358 12 39%.6 101.5 12 17T8.2 26.66 12
42 69 L5 15 509176 15 403.990.63 15 1784 2446 |5
37 63 2.2 14 46T 6 14 409 1069 14 189.2 26.52 |4
36 51 1311 46723 11 4412 4416 1 [89.9 2488 |1
35 5 063 11 459658 11 31L.E 700 1] 10,3 318 11

32 a2 070 11 46 271 11 3659 4559 |1 1906 298 11
31 52 072 12 46965 12 3ITRTE 654 12 [90.8 23.59 12

25 ALO0Ts 1L 455709 1] 339.2 127 § 191.1 321 ||
2 44 16 15 418195 |5 ¥id.66 8603 15 197.8 223 15
16 4.8 32 k. 442 206 9 3263104 9 W87 275 9
T DG W 45210 10 38616922 10 19%.6 2417 10



Table 1Y: Basic statistics for Lepidocycling (Neplwolepidinal in Qarah

Chawg Dagh section,
b = Siandard deviation of zam ple; N=

Simple Mo, © 6§ N A 0

N D, &

Number of observations in sample.

] a 4 ]

26 56 13 10 476 4.77 10 330.2 66,86 10

21 54 05 14 463 1.15 14

0 45 L1 16 428 1.69 &

18 35 12 12 405 261 12

17 4 4 13 423 161 13

|2 4 097 1Y 414338 13

3 41 14 11 847 178 11

3259 61.85 14

3005 61.72 16

2923 1064 12

371.5 5317 13

3819 8384 |3

303.3 3935 1)

172.7 28.45 10

192.1 28,05 14

195.12 21.23 14

196.5 32.77 {2

197.5 19.41 13

198.8 19.47 13

1988 21.02 1)



Table V: Basic statistics for Miogypsinoides of Units (V, VI, VIl and VIII),in
K habaz well-3 section.

Sample

Number X & N v+ 6 N D, 6 N D: 6 N
449 (23 12% 13 -1065 3824 13 1281 4952 13 |39 3582 13
43 128 113 15 -1023 5506 15 1376 39,75 15 148 39.El I ¥
42 123 122 18 -129.5 49.84 18 1384 19,79 18 1495 41.96 18
a1 123 123 12 963 2946 12 1449 1257 §2 15466 3297 12
40 126 L1315 -1069 3696 1§ 1369 3944 15 1500 43.07 13
19 10,52 105 15 <110 4074 15 1413 41.41 15 151 4131 15
2. 123 114 18 -1349 4485 13 [32.8 3878 18 147.2454318
23 151 134 17 -157.14782 17 7270 2765 17 23762936 17
P 53 141 18 -1506 4602 18 1314 12.87 18 2419 3327 18
16 93 15 15 -171.6 99.08 15 236.8 35.14 15 247.2 3746 15

7 I8 206 14 J747 5239 14 2424 343 14 2518 3LEY 14



Table ¥1: Basic statistics for Miogypsinoides of Units (V, VI, VII and

WIlL,in Qarzh Chaug Dagh section.

Bample
Number X' 6 M ¥ b

26 11,54 1.20 12 -166.88 36.55 12
21 14 115 14 -130.6 39.85 14
20 T LI 15 -132 4801

18 16 1.2 18 -11B.2 5837
17 18 L7 15 -142.8 54.23
12 1.6 137 14 -1454 1356 14
& 198 173 12 1456 5623

3 191 173 12 -160.7 5231 12

15437 42,46 12 155.542.31 12
133.4 41.19 14 §43.8 40.21 14
1323 336 15 1423 351 15
127 4923 1E 1393 46,83 I8
[22.7 40001 15 139 3891 15
1344 3934 14 1439 42,1 14
2508 3030 12 2598 316112

237.2 19.87 1T 265.7 30.51 12



TableV1l : Basic statistics for Miooppsing s.e of Units (¥, VI, VIl and VLD,
in Khabaz well-3 section.

Sample X° 6 0N ¥ 6 N £y B M Xy 6 M
NO. o

49 951 1.6 12 -1228 123 12 1174 3383 12 1302 3286 12
i 94 145 11 -BRT 103 |1 1356 2T 01 1429 3976 12
42 101 L4l 5 -1054 1IR3 15 1530 S4.06 15 1849 5201 15
41 10 141 14 4907 9299 14 1443 481314 1949 521 14
4 0.8 136 13 -9B8 101.3 13 1338 2998 |3 4.4 37,54 13
19 s LTI -I020 1083 11 1362 4087 11 |44.9 4é |11
38 94 16 12 -1063 1085 12 13453945 12 1433 3825 12

Table VIII: Basic statistics for Miogipsing 5.5 of Units (¥, VI, Vil and
YUI), in Qarah Chaug Dagh section.

Sample X' 6 N ¥ 6 N Dy, 6 N Dy 68 N
Mo

26 9.1 13210 183.6 105810 [08.4 271510 1185 27.44 10
21 2.7 132 13 -140.0 124613 141 5123 13 1528 49,53 |3
20 23 1.27 14 -131.8 116514 14734766 14 1581 4533 14
I # 06 1.15 20 1270 125720 1383 46,120  156.6 41,30 20

I7 94 131 12 -S4 1492 12 131 4944 12 1518 4717 12
12 103 137 12 -1483 1356 12 14843934 12 165 42 12
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