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Sedimentary Environment of Naokelekan Formation (Late
Oxfordian — Early Kimmeridgian) of Selected Surface Sections
from Northern-East of Iraq

Zainab Jamal Salman Al-Malaa Rafi’ Ibrahim Al-Hmeedi
Department of Geology
College of Science
University of Mosul

ABSTRACT

The Naokelekan Formation (Late Oxfordian - Early Kimmeridgian) was studied at
three surface sections (Rowanduz, Ranya and Sargelu), in northeastern Iragq. The
Formation is composed mainly of alternating sequence of thin- bedded limestone,
dolomitic limestone and bituminous black shales. Streaks of calcite veins, chert nodules
and bituminous stylolite are present. Traces of Ammonite molds, flat, wavy to domal
stromatolites are also present.

The Petrographic study showed that the formation contains various petrographic
components represented by Ammonites, pelecypods, gastropods, calcispheres,
planktonic and benthonic foraminifera, ostracods, stromatolite, radiolaria and
bryozoans, pellets and intraclasts, in addition to the groundmass of micrite and
microspars. The rock successions were extensively affected by many diagenetic
processes and their effectis most pronounced pronounced on textural properties of these
rocks. The dolomitization seems to be one of the most important diagenetic processes
recognized. The other processes are; compaction, micritization, bioturbation, authigenic
minerals, cementation, neomorphism, dissolution, fractures and veins, silicifaction,
replacement and dedolomitization.

The detailed facies analysis reveals that the rock succession consists mainly of
three microfacies and two lithofacies type. The main microfacies include lime mudstone,
wackestone and packstone. Where the lithofacies comprise limestones and shales which
are represented by four sub lithofacies. The overall characters of these facies indicate
that the formation was deposited in two different environments; (1) shallow marine sub
tidal environment at the lower part and upper part respectively. (2) Outer shelf in a
euxinic environment at its middle part.

Keywords: Naokelekan Formation, Late Oxfordian, Early Kimmeridgian, sub tidal
environment, outer shelf.
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agl) Jlal Lo ) lag il adadall (e el clbasliily (Gsaish) (adsal) adall & i) colalal
oladll & A3 5 any (AdlguY) Al Lad sl 8 5js als il oL (Flugel, 2010)
Gl By Bygamnd) of Abhoall Lpll dihidl 8 alsm A oda o) G ag L g Al 53,0
Uil eca Zowjially (SMF- 16) drwlidl) dis wall delall cliall fila Zinwal) ods Cilia 2l
Wilson, ) <lage s «(Open Platform) s giaall La) daid) 3lasy Cagyaally (FZ- 7) ond)
-(1975; Fllgel, 2004

:Limestone Lithofacies giwall guall jaal daw—4

&S 2y ol ool ¢ ulaslsall (gl aally Gl (gl saall e Al sda (e
A gl QS e Bhed) lpsailas o Talae) @lldy gl Gimeaw ) ddlad) duhall 8 lgdnan
(s sl g ginl g
reulised) e Aglall (gauall (guall saal) s 1-4

Ammonitic Limestone Lithofacies (Al)

5) ) Lk Jay ) el 5l Culigal) aaia Cllsiy BT o Wil Al o2
Allas aala I (o) Lae 3aa il diaall (o peiall sl oole)ll (gad) saall e Cliads e (aese
238 siy (gl (e dey Cul S e 3y Sl 038 Gaan Ingl LS (2 5y5aall) aaial
DLl L SO ag 4wy Sexighy Adlal) duhall b sl ablid) e aasl) claslil paa )
Slmé (Open marine) dssiadll dspaadl ol G Aails 058 culigeY) Gilaal of ) (Tuker, 1981)
sl 8 dhsaed) i) Gan Al 038 Sgng o by ey 138 2 Ahsendl Gl il (ania s oo
. (Open marine) 4sgid L)
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relilagiud Lo dglall gaa) Gl jaal daw 2-4
Stromatolitic Limestone Lithofacies (SL) )
Oe Dk Gaa olly zoaially (iall goill o Cu¥silag i) Sl dgagr Al o2 Couam
oo el ol b gsieed) gsll 0 a¥sleagiad) e Y Lle oSl claln b gadl sl
33 (3 Bs—mal) SOl (psSiy IS (68 Gy doaldl]l m ) e Al (o)) (dsalll adakal
Ol pain il zoaiall g5l G Cl¥silegiadl pad s LS L aditdl e i) el
(Feldman and ) a8 -zl Lo 3 Takay (554 gyl (Gstish) dsall aliball o (ool
o lesad V) clisSdl e s cu¥sileg iadl ol Mckenzie, 1998; Daoud and Karim, 2009
1385 .(Subtidal) Ladl ghludy (Intertidal) jjadly adl Ghlie & Jisw @l diuaal @hliall cilles
Agadl Gl e Ll 03 caufi e Dage ey

:Shale Lithofacies (SHL) gial Jiaud diawi—5

oy LS cugumall dgal) (o Ao o g @lldg (sl 230uY) Janad) o dinaall 038 (585
OrsSl e Wlally i) el b S oS0 ¢Sl il e 8 4idiadle & () Al i
cm aall clad g daliie 95 Y o1 8y5eall)

:(Depositional Environment) ool (e A il 4l

3 el lpmns e 315 A Al A8bailly A8ba) dalsall dene Ll Lo il &) oy
Boggs, duss pailad ) lghaag calgll Jaw Lo sa Jalsall 028 die Juasd Al Y )
CrsSs laslid B 5l Al Ol el cdslially dngusl JVAlly 380 Jaad) il BA e .(2006)
Outer ) olall Ciua)ll L0 (Subtidal) doadl cns &5y oo duhall a8 2D axblie B KIS0
i) ity o 1 5 Sl Lads (Shelf

:(Subtidal Environment) duall cad 44 -1
Dbl s ) diee ey Al S50 sl slaie 585 Cam e Ungl o a2l 4
oY) b Al 4l Lallal hiid) by Aed) dad) cas Bl clals caasas, (Fllgel, 2004)
e S el Jimn ally (il duily saish) DA dabilie (B OISISGL s e Llally i
Sliy Laelal) hadehsilly 135S s¥ly a3l Luday addl) Aawld Calaal e 8 3 L peill el
s3 (aun (Intraclasts) akld il abilly 3l oo Slaad coln¥) alang lyisbally Cusile sl
Shinn, ) LelisSes ledlas ol slanl IS 8oy @llal) dgmsr Coa® duaall e 34y of 3 40
cnd Aad) e hige e ) gl e calsiles il sl Jigs s (Salae, 2001) 3 L (1983
Jones g il (il jaally (el pall e ASE (5$ Lol Jaan L) oda el of LS L4l
)Ll il sl s (Maikliem et al., 1969; Fliigel, 2004) 4 Ll Le ) Gdag . cysll) sgu
(g . ol b (ggiee 3 e il olaall 28ha 05 1) e ) Luald il Lo (dslad)
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linad) aal ey cclaatidl laling lan Al gl Chaati 450 038 il (8 (James, 1979)
saad) L Aada) Ll Slaiedl) bl gl sl L o ddad) duhal) A s3gd Sl
allal) e Dl Sl (gl pall Anas 328 Al SaY) pled) e Lslall bl (gl
o LSH (B s (B ablid Ay b i) o3l dglie A s & Y ARAY gl ALY
Aol Sal) slali-asdl duls Lo Lslall Gaseaydl (gl jaall Ay (Mulayim, 2013) Ja
Aplae L Cundd Y ARAd) Ll Leld hasdedl o dglall S gal)l jaad) A 328
oaall &swy (Rikhtegarzadeh at al., 2016) Ji (e ohal 02 s by (B ol ool
o Al ALl el el dmas R8N Ll Glledl o Al pagandl (gad
@l sl e o) ) (Lasemi et al., 2008) il 85 . giaal daadl dinwg caVsilag s
e (Solak et al., 2016) = LS .adl cad &l Ge Al queiill ) (s 8 Gagasdly Sl
laySs ) A8U Ly LAl o3 e Bage o Gl o duglall (ageasall (adl jaall A o
Gade a3 A (8 Bougie Aubal a8 alalie 3 OIS 0SS ks e Llly il el o L oy

.(Subtidal)

:(Outer Shelf Environment) il civa)) gy -2
Lo Dpeanall Cirayll (e Gaeall el i &3l o3 o8 (KOUt0SOUKOS, 1985) cilawaiil Lo
@ OLBY) oy didaie a3 Gl 3 Al rlead) saeld Jiul a5 3 e (100-200) Glee¥) o
(Scholle etal., 1983; Milliman, 1974) ;. JS <3 8, .(Nichols, 2009) declll cilusll Cuwys
it (S Ll ¢ i) ol S I (ap Lee e e 006 Al o3 (G cuasl o
Aagle il ol 316 ¢ alal Chnall Aty ol diull o3 b cpinld) (g Ty LAda Auhall clelss
husl ela¥l (B ) o2 clalii el (gl (30-10) G Lo zshB Aha sy doakie) L
by culipa¥) alaal ding padd L (GISkey 4y Jeush) BN asblie & GSISGL (oS e
Al Clusll o 3 A e e Sl Al &l Disisilly sl duibay asdl) duuldy Al
-200) ¢ zshs Glael @l olia ea sl ke Jgean o 5 LbUal Diviahsilly Lnl<)) Sl
Bein and ) g« JS il LS .(Adams et al., 1967) gadl aail Cagyls Pla iy Al ¢ sie (100
celgw e dheally bl L) il en il Ll @RI Glaal o U (Reiss, 1976
& AUl Daiiaodlly Culige¥) Calaal e Bl S Bls o8 ST s i g w2l o (8
Algay luall deel 058 Lol lia &3l ode el of WS L dRuaall omdl Lty oy Lllad) clind)
AR B S ) sl agul dmas pe J3Mtiag dgialal) dgally Digunall Jsalls ) (gl pall e
hde e Aacll) Bodndly culinal) aa LW Daashodl Jils ol (Rikhtegarzadeh, 2016) Less
o daally LY e deelill g 3ms o ) (Chillingar etal., 1967) Ll 3 &l sl e
saad A o Al duhal Al ol Sed) Sl aal Gy T Aise A Ay e Db

Augill) Bl ) e Lglal) ageayall gl aall Linws Aadal Al Slaseadll okl gyl
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Ay LSH (BHd Qs Ay B sl odgd Al dnw Jaeay (Mulayim, 2013) A6 3 cdzaal
Al Dasahedl) e Digall Sgl (gl pall Limuy cculise] Lo dsladl (gaall gl jaall
Rikhtegarzadeh et) Ja ¢ bl 8 @sin (& daud) sda Clialge (ul Cuadd Y dadal Lglil
(Ali et al., 2014) U3 e Ll dgliia dina a5 (5uSL & cusal duly Bla @I ((al., 2016
0sS DIGL e el el el o U san anya 8 W gy L gial) damad) A

.(Outer Shelf) asgiaall Lpal) L) Lo 5l Lesig

:( Sedimentary Model) (s Jasal

Apaga )l IV madl dsill e el Lo Laow Yy ddad)l Auhall e aabime] & L ) Les
Jia Llal Auhall Sl sl diasall ol Joill WSl ol e il B A<l AUSaa) dalally
dpadl cat Al IS cpe e i) eiadl el Tag 3 L a)ad) Canal) Ay Lsd) s Ay
A Lol cgaall danaedl Zina Lgati ccul¥silag il e Lglall gaall (gpall jaal) dinw dlidic
Skl (oml aal A L (Al el —psil) Luli o Lslad)l Gageandl (gmll aal
leb (¥slag il o dglall ghall (all mall dmu b Jb (el Gl e Al
e gl S (al pall dne s S5 &S @lled) Lo sl pagayd) (gall pall da.
saad) Ay bl gl i & Lad) can Bl 8 oLl BS e U 058 @) SlaY) Hlasl)
Leild SUISL sl GLW:\ el Lol LS T V1 elal) By 058 ) Slaieedl) bl (gynd)
Gl el L e (gaall daadl L loh (Slaiedld) Gl gall aall daa fas
Sle gl gaal gl mal A ) bae 5 8wl Gl e dglall (gl
s 1 Al haadyedl) e Dglall gaall gl jaall dn el cilalal sy cculis)
Loy adly ol oelial @ Sl Gl Bead ) @ ¢ awll sl G0 My N Gign Ll
Apaal) o Al Jicie 43k I 0 eSl e (golall il el Wi (Outer shelf) (ajlall cava)l
sasanl @l pal Lo sl s Ty Y (R Be Al slaih sl aalp A Cuus Al
Sl i als (@lledl e diglall pageasdl gl saall Linw loh (el hadyedl) e doslal
ol sl 3 Adlad) Al gty ) Ay dpmad) A1 038 e Taliuly L (gaal)l daal) diny
(B) JSal B Gudl mil) oy (SISl 4y Hoigh) DAY dakalie & SISHL <l
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s AN Aalh
.(P.P.L) (Plan Polarized Light) (gl Ghaiivall ¢gall cas (Ammonite) culige¥) ddra -A

(P.P.L) ca3 dali€s dun) aa (Pelecypoda) ol 4l dava -B

(P.P.L) ca3 4a))& )l (ea (Gastrapoda) aadll duilay diva -C

Aol IR Calaaly (25aY) aged) culplll Gma sesles (Radiolaria) LyYsahll laal -D
(P.P.L.) <=3 (Lan¥) agudl) (Calcispheres)

.(P.P.L) «x3 Globuligerina bathoniana g\l sxile 38Ul yiid)sdll Calaal -E
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.(P.P.L) ca5 (Ostracods) s8Iy gy ddva -H
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