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I ntroduction

Cretaceous,

The Cretaceousystem (1456 Ma) in the history of the Earth can be dividatbitwo
series, which are the Lower Cretaceous and the lUppeaceous. The Upper Cretace
can be divided into six stages (Cenomanian, Tumr@@niacian, Santonian, Campan
and Maastrictian). The boundaries between some of the UppetaCgeus stages &
now well defined in different localities in the vidrespecially in Europe. The Upg
Cretaceous stages boundaries were primarily debyedmmonites, inoceramid bivalve
belemnites, rinoids and in some cases planktonic foraminifevavell. At the momer
four out of the six Upper Cretaceous stages bougslare now formally ratified as tl
Global Boundary Stratotype Section and Point (GSS®e formally ratified GSSP
boundaries whh are approvedy the International Union of Geological Scier are
(Cenomanian, Turonian, Santonian and Maastrict.

Due to relatively rare of ammonoid groups in then@wanian, therefore, the base of
Cenomania Stage can be defined by the lowest occurrence ef planktonic
foraminifera Thalmanninella globotruncanoidesAfter considering several potent
placements, the Turonian Working Group placed theelof the ammonitWatinoceras
devonens for the base athe Turonian Stage. The sudden turnover fMagadiceramus
inoceramid bivalves to the lowest occurrence ofvtfdespread inoceramPlatyceramus
undulatoplicatu has been selected as the marker for the base ofahtonian. Th
Maastrichtian Working Giup recommended the base of the Maastrichtian tsbignec
as the lowest occurrence of ammonPachydiscus neubergic that has a much wider
geographic distribution than belemrBelemnella lanceolata

The Cretaceous System is divided into two rockeseriiower and Upper, which correspond to unit

time known as the Earlfretaceo. Epoch (145 to 100.5 million years ago) and Late Cretaceous
Epoch(100.5 to 66 million years ac [1].

Both the Early and the Late Cretaceous epochs iided into six ages of variable length. Th
definition was originated during the n- to late 1800s, when geologists working in Francelgim,
Netherlands, and Switzerland documented éamed the 12 consistent rock sta[2]. Each of the stages is
defined by rocks, sediments, and fossils found apecific locality called the type area. For ins&y
d’'Orbigny defined the Gemania Stage in Le Mans, northern Francel47, based on some 847 fo:
species distinguishing the stra[2]. For the Lower Cretaceous series the stages areB#hriasian
Valanginian, Hauterivian, Barremian, Aptian, andia@h[1], (Figure. 1) For the Upper Cretaceous they
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the Cenomanian, Turonian, Coniacian, Santonian, paaran, and Maastrichtian [1], (Figure. 1). The
longest is the Aptiarasting more than 12 million years; the Santonian is the shortest at just under 3 millio
years [1], (Figure. 1).

Since the origination of the 12 CretaceougestgFigure. 1), geologists have worked to solablems
caused by incompleteness of the stratigraphic deand fossils in type areas. Researchers meetdily
to discuss problems of stage boundaries and tcestigglutions. In 1983 a group of geologists fraouad
the world met in Copenhagen, Denmark, and recomettitht alternative type areas be elected foihell t
stage boundaries mentioned above. They agreedhthamost practical way to define a stage is bybidise
of the earliest biozone at a boundary type areaav@utionally, ammonites have been used to define
biozones within the type area of Cretaceous stageis,other organisms, such as inoceramid bivalves,
belemnites, crinoids, and even planktonic foraremgifare sometimes used [3-15]. The objectives ief th
study are: 1) to collect and present all previoubliphed data that define the Upper Cretaceousestag
boundary all over the world that fsrmally ratified or still in the ratification process; 2) to follow the most
recent standardization that is internationally appd for defining any stages in Late CretaceouscEpo
Kurdistan and Iraq; and 3) to do an extensive research in Kurdistan region at leastdionally defining some
stages in the Early Cretaceous Epoch that ardnatitt no any candidate boundary stratotypes iwthl.

System Series Stage Boundary Horizons (GSSPs)

Paleogene | Paleocene Danian

Maastrichtian

66.0 Iridium anomaly

72.1 FAD of Pachydiscus neubergicus

Campanian

- 83.6
Upper Sameon!an 86.3 FAD of Platyceramus undulatoplicatus
Coniacian
- 89.8
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93.9 FAD of Watinoceras devonense

Cenomanian

100.5 FAD of Thalmanninella

globotruncanoides
Albian
113.0
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126.3
Barremian

130.8
133.9

139.4

145.0
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Figure-1: Stages with ratified Global Boundary &ttgpe Section and Point (GSSP) are indicated Iy fitst
appearance datum (FAD) of the main correlation erafglanktonic foraminifer, ammonite, and inocerarmivalve) or
other correlation level. Numbers are in (Ma) addgtem[1].
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Subdivisions of the Upper Cretaceous

The original Turonian and Senonian stagesl6] [vere increasingly subdivided into the presért s
stages which are (Cenomanian, Turonian, Conia8antonian, Campanian and Maastrichtian).

Diverse collections of primary markers aredusor defining stage and substage boundaries)dimg
ammonoids, inoceramid bivalves, planktonic forafeirs, pelagic crinoids and magnetic polarity chridis

1. Cenomanian
Author: d’Orbigny, 1847.
Type area: Le Mans (Sarthe region, northern France)

In Le Mans, the ammonoid markers for the hafsthe Cenomanian were the lowest occurrence of the
genusMantelliceras or the lowest occurrence of the gelNeostlingoceragl].

Because these ammonoid groups are compagyataed in many regions [4]; therefore the Cenomania
Working Group selected the lowest occurrence ofptla@ktonic foraminiferRotalipora brotzeni{of some
studies and now classified akalmanninella globotruncanoideéFig. 2.1) as the basal boundary criterion
for the Cenomanian Stage. This foraminifer levesagnewhat lower than the lowest occurrence of the
Cenomanian ammonoid markdantelliceras mantelli

The Mont Risou section in southeast France chasen as the GSSP [8,17] and formally ratifiedHzy
International Union of Geological Sciences in 2003).

Substages of the Cenomanian

The base of the Middle Cenomanian is currepthced at the lowest occurrence of the ammonite
Cunningtoniceras inermat the Southerham Gray Quarry in the Sussex peewfithe England [17].

The replacement &canthocerasammonites by th€alycocerasgenus is commonly used to mark the
base of the Upper Cenomanian [4].

2. Turonian
Author: d’Orbigny, 1847.
Type area: Tours or Touraine region of France.

[18] clarified his definition by selecting a type regitying between Saumur and Montrichard. In this
region, the lowest Turonian formation contains #memoniteMammites nodosoidesherefore its lowest
occurrence was considered the marker for the Habe duronian Stage [19].

After considering several possible placemetits, Turonian Working Group placed the base of the
ammoniteWatinoceras devonengEigure. 2.2) near the global oceanic anoxic e(&&E2) [5]. The GSSP
is at Rock Canyon Anticline, east of Pueblo (Calaravest-central USA) [5, 12, 14, 28hd was formally
ratified by the International Union of Geologicali€nces in 2003.

Substages of the Turonian

The base of the Middle Turonian is marked bg towest occurrence of ammoni@ollignoniceras
woollgari[5] and [12].

The base of the Upper Turonian is not yanhfdized, but potential datums are the lowest oetues of
the ammonitd&komaniceras deverianum the Tethys realm or an inoceramid bivalvmceramus perplexus

[5].
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Figure-2: Basal boundary criterion for defining tB8SPs around the world. Rlanktonic foraminiferd halmanninella
globotruncanoidefrom the Mont Risou section in southeast Fradd; 2. AmmoniteWatinoceras devonens®mm

the Rock Canyon Anticline, east of Pueblo, Coloradest-central USA14]; 3. Inoceramid bivalv€remnoceramus
deformis erectufrom the Salzgitter-Salder Quarry, southwest ofititaver, Lower Saxony province, northern Germany
[21]; 4. Inoceramid bivalv®latyceramus undulatoplicatdsom the Cantera de Margas quarry; Olazagutia aNav
region, northern Spaifl 1]; 5. AmmonitePachydiscus neubergic@i®m the Tercis les Basin in southwest France
[22]. Note that all images are without scale.

3. Coniacian

Author: Coquand, 1857a, b.
Type area: Richemont Seminary near Cognac (Chapeaténce, northern part of the Aquitaine Basin,
western France).

At Richemont Seminary, the entry of ammonidirleites petrocoriensisvas used to mark the base of
the Coniacian Stage [23] and [24]. However, thea@ be problems in identifying this species, and
ammonoids can be rare or absent [4] and [7]. Thesefthe Coniacian Working Group redefined the
Coniacian Stage and its substage boundaries usivept occurrences of widespread inoceramid bivalves

The proposed marker for the base of the Ca@mais the lowest occurrence of inoceramid bivalve
Cremnoceramus deformis erect(isg. 2.3). This inoceramid is present throughthw Europe-American
biogeographic province and in the Tethyan realnd emn be easily correlated to the North Pacific and
southern hemisphere [25].
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A candidate boundary stratotype is the SdkgBalder Quarry, southwest of Hannover (LoweroBgx
province, northern Germany) [7]; [21] and [25].

Substages of the Coniacian

The base of the Middle Coniacian is placethatlowest occurrence of the inoceramid bivalveugen
Volviceramus [7].

The base of the Upper Coniacian is placedhat lowest occurrence of the inoceramid bivalve
Magadiceramusubquadratus [7].

4. Santonian

Author: Coquand, 1857b.
Type area: Saintes (Cognac, southwest France).

The boundary in Saintes was drawn on a hawhgirdetween glauconitic, nodular limestone, witmyna
Exogyraof the Coniacian below, and soft micaceous chatkefSantonian above [24].

In the Santonian Working Group report to teeasid Symposium on Cretaceous Stage Bounddi(és
the lowest occurrence of inoceramid bivaRiatyceramus undulatoplicatusas confirmed as the primary
marker for the base of the Santonian Stage (Figuig.

The first occurrence of the planktonic forarf@nSigalia carpaticais the secondary marker of the base of
the Santonian [11]. It is widespread in the Mediteean region of the Tethys, is associated Imiticeramus
siccensisandTexanitesn Tunisia, and in northern Spain (Navarra) itséswoccurrence is very close to the
lowest occurrence d?latyceramus undulatoplicatus

The GSSP is at Cantera de Margas quarry;aQidim, Navarra region, northern Spain [11] and was
formally ratified by the International Union of Qegical Sciences in 2013.

Substages of the Santonian

A possible datum for the base of the MiddletBaian is the extinction of the sanRtatyceramus
undulatoplicatusnoceramid bivalve that marks the Coniacian-Samatomioundary [10].

The lowest occurrence of crindifintacrinus socialisis commonly used to place the base of the Upper
Santonian [10].

5. Campanian

Author: Coquand, 1857b.
Type area: Grande Champagne (northern Aquitain@rgre, France).

In Grande Champagne, the base of the Campavaanplaced at the lowest occurrence of ammonoid
Placenticeras bidorsatuni24], but this very rare species is not an appledrker [6]. Therefore, the
extinction of the crinoidMarsupites testudinariusas been a provisional boundary marker for the bashe
Campanian Stage [6], although the occurrence eftéhion is restricted to certain environments. &foze,
the Campanian Working Group is considering usirggkibginning of Chron C33r as the primary boundary
definition [26].

Potential boundary stratotypes might be thexatiachie dam spillway section (north central Teitdbe
crinoid marker is selected [9], or, if the baseC83r is chosen, perhaps the Gubbio section in [y and
[28].

Substages of the Campanian

The Campanian is generally subdivided intavéig Middle and Upper substages of approximatelyagq
duration, but there are not yet formal recommedatifor primary markers or boundary stratotypes for
substages [1].
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6. Maastrichtian

Author: Demont, 1849.
Type area: Maastricht (southern Netherlands, reaborder of Belgium).
The base of the stage was assigned to thestaweeurrence of belemnielemnella lanceolatf3, 29]
and [30]. However, the belemnitgelemnella lanceolatés not a useful marker into the Tethyan realm,
whereas the ammonokhchydiscus neubergiciiBigure. 2.5) has a much wider geographic distigou4].
Therefore, the Maastrichtian Working Group recomdsghthe base of the Maastrichtian to be assigned as
the lowest occurrence of ammond®ldchydiscus neubergic{l], (Figure. 2.5).
The ratified GSSP boundary approved by therhational Union of Geological Sciences is in quaear
the village of Tercis les Basin in southwest Fraiéd and[31].

Substages of the Maastrichtian

The Maastrichtian is commonly divided into twabstages, although there is no agreement on the
boundary criterion for the base of the Upper Maglstian [31]. One potential marker is the lowest
occurrence of ammonoiBachydiscudresvillensis[31]. Alternative criteria include a magnetic patyar
reversal (base of C31n), the extinction of rudistefs, or the extinction of the majority of inoasd
bivalves.

Conclusions

Different types of macro- and microfossils aidely used in entire world to formally define thase of
Cretaceous stages and substages. The base ofribe&®an Stage can be defined by the lowest ocmare
of the planktonic foraminifelThalmanninella globotruncanoide3he lowest occurrence of the ammonite
Watinoceras devonensan be used for defining the base of the TuroBitage. The lowest occurrence of
the widespread inoceramilatyceramus undulatoplicatusas been selected as the marker for the base of
the Santonian. The Maastrichtian Working Group neoended the base of the Maastrichtian to be assigne
as the lowest occurrence of ammonBathydiscus neubergicus

The present author reached to a point that@mites, inoceramid bivalves, and to some extentigéanic
foraminifera play major roles in defining the ba$e¢he Upper Cretaceous stages and substages.

Recommendations

As the boundary of most of the Upper Cretasesiages are formally ratified by the Internatiodalon
of Geological Sciences, and some of them such aga€lan and Campanian stages have candidate bqundar
stratotypes; therefore, the author suggests domgxensive research in Kurdistan region at least f
formally defining some stages in the Lower Cretasethat are still have no any candidate boundary
stratotypes in the world such as (Berriasian Stagé)e end of the Upper Jurassic (Tithonian Stabegre
are quite good exposures for Lower Cretaceousasimaturdistan that are rich by different typeshdcro-
and microfossils such as ammonites and planktawinfinifera which can be used as the primary marker
for defining the base of some stages in the Lowet&Ceous.
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