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1- Introduction

According to Moteie (1993) Cretaceous Period in Iran and neighboring areas starts with a general transgression
led to deposition of the shallow marine carbonate in the southwestern of the Zagros Basin, the most part of the
Persian Gulf, Oman, Qatar and folded front of the Hijaz (Arabia) in the lower Cretaceous. At the same time,
deposition of the deep marine black carbonates rocks and shales (Garu Formation) in the northwestern of the
Zagros Basin, which have extended to Iraq, was countinous that indicates a deep marine setting in the Lorestan
and E Iraq. Facies analysis is the most important element to reconstruction of the paleo-environments of the
Garu Formation, which could be applied for deciphering of the geological-sedimentological history of the Garu
sedimentary basin during Cretaceous. Because of the importance of the Garu sediments as source rocks, the
achived results are usefull for reconstruction of the paleogeographical condition and hydrocarbon exploration
in the Zagros Basin.

2- Material and methods

The studied outcrops and cored wells of the Garu Formation throuout the Lorestan, flod-thrust belt and High
Zagros zones include Tangeh-Haft, Tange-Havandeh, Kezi, Dpwdan, Bizzel, Tange-Mastan and Homajgah.
To evaluation and determination of the sedimentary facies and sedimentary environemt of the Garu sediments,
a detailed sedimentary parameters include sediment/package/layares thickness, bedding boundaries
(gradational, sharp, erosional), sedimentary structures, variable grain size, type and preservation mode of
macrofossils (fragmented, whole, disarticulated, articulated) were recorded in the field. Based on microscopic
asses toweleve carbonate facies were indentified in the Garu sediments in the studied area. Carbonate facies
were classified/named according to Dunham (1962) classification. Identification of the facies/facies
associations and their sedimentary environments were based on Wilson (1975) and Flugel (2010) scheme.

3- Results and discussions
Based on the microscopic and filed analysis, twoelve facies have been identified in the Garu sediments that
were related to three facies associations including basin plain, basin floor fan to outer ramp of a distally
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steepened ramp system. Basin plain deposits in central Lorestan Basin include plagic and hemi-plagic and
turbidity deposits were developed in southern part of the Lorestan area. Basin plain sediments consists of thick
package of the black shale/marl, mudstone, planktonic foraminifers/radiolarians mudstone/wackstone with
abundant organic materials indicating a dominant dysoxic-anoxic condition in a deep maring setting far away
from SWWB (Pomar et al., 2012; Bayet-Goll et al., 2018; Sharafi et al., 2016, 2019, inpress). Basin floor fan
association are mainly consists of thin- to thick-bedded turbidites, indicated by fragmented and reworked
skeletal elements such as radiolarians, sponge spicules, peloids, planktonic foraminifers, echinoderms, thin-
shelled fine bivalves and small benthic foraminifers. Thick package of the amalgamated Ta,b, and/or Tc,d of
the Buma sequence, which is generated by high density turbidity flow (lelpi and Cornamusini, 2013;
Rodriguez-Tovar et al., 2019), is the prominent features in this sediments. Analysis of depositional
environment and facies of the Garau Formation reflect a three stage evolution model: 1) Early stage is
represented by ramp drowning and basin plain expansion in an anoxic to dysoxic, low energy conditions with
high productivity; 2) The activation of turbidity currents in the basin floor. These intervals are coincided with
Leupoldina bloom and Oceanic Anoxic Event 1a (OAE1a). The middle part of the Garau Fm. is interpreted as
fine-grained pelagic turbidites on base of their flat shape, sharp base, transitional top, Buma sequence and
composition, which are composed mainly of intercalation of gravity flows and pelagic/hemipelagic deposits.
The relative influence of sea level falls may result in an increase in sharp activation of turbidity currents and
deposition of floor fans. 3) Stage 3 is represented by the recovery in the effectiveness of carbonate factory,
favoured by the progressive shallowing of the depositional system and an increase in the abundance of pelagic
foraminifers. These deposits reflect the shutdown of the turbidity and subordinate mass flows of the feeder
system in the mainland and drowning of calciturbidites stage 2, likely as the result of a relative sea-level rise.

4- Conclusion

Facies analysis of Garau Formation exposed in Lurestan Basin, High Zagros, folded belt Zagros led to
indentification of three facies associations, representing basin plain, turbidite floor fan to outer ramp of a
distally steepened ramp system. Basin plain deposits in central Lorestan Basin include plagic and hemi-plagic
and turbidity deposits were developed in southern part of the Lorestan area. Analysis of depositional
environment and facies of the Garau Formation reflect a three stage evolution model: 1) Early stage is
represented by ramp drowning and basin plain expansion in an anoxic to dysoxic, low energy conditions with
high productivity; 2) The activation of turbidity currents in the basin floor. These intervals are coincided with
Leupoldina bloom and Oceanic Anoxic Event 1a (OAE1a). The middle part of the Garau Fm. is interpreted as
fine-grained pelagic turbidites on base of their flat shape, sharp base, transitional top, Buma sequence and
composition, which are composed mainly of intercalation of gravity flows and pelagic/hemipelagic deposits.
The relative influence of sea level falls may result in an increase in sharp activation of turbidity currents and
deposition of floor fans. 3) Stage 3 is represented by the recovery in the effectiveness of carbonate factory,
favoured by the progressive shallowing of the depositional system and an increase in the abundance of pelagic
foraminifers. These deposits reflect the shutdown of the turbidity and subordinate mass flows of the feeder
system in the mainland and drowning of calciturbidites stage 2, likely as the result of a relative sea-level rise.
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dolomitic limestone with planar-s/planar-e crystals as dolosparite.

Sloacld o Las 6)& oz 4-“’:") @ axgi bojlus, Cﬁ‘
L basoe S5 )3 g adg> 530S (idu ;0 010 Sgpm ijle
pu 5 Slsb zlsel L5 el Shop s (55,
L 5 Seeglgs oyl el ool a8 5 )5 10 ey ()5
Mduo)b)bo)b)&_lwu&%@b@@pg

FYE

sl aiS 98 g Cangy B 1y Sloos > 929 uizmen g (S
b S8 8 5l Glas (L sl b asolie o la
o badel jeax o) 5k slys a4 ol pas Koy g lase

LSid g (65,80 el 8l aslis yliwgs B ool 4l ladad

Gy aore .l dbg> 518,505 sla isw 0 0l



¥ O)Lo.aja AY 0,92 AL KR! ul.».u.uﬁ)

%

iy oS ol e 2
PR EIS SO e

o g gl Sygo 4 o)l ol o Sk wiia
ol e @malgamation) clib  Soulbles, il e
- ol 50 N0 sl JSh) 05l o sdaline 58y 4 ol
RMF2,3,4 s SMF4 s,lailiwl sloe L5, Jolao o e
&l oyl 0,08 o 5 (Fligel, 2010) 55l Jansgs ool 4|
9 95)9; H 6‘ O)Lm"') J..uJ.oS 9 (WI|SOI’I, 1975) u?*“bﬁ \

2,5 5,8 (Burchett and Wright, 1992) |,

G 4l g9l ygwalo U yguimSg o L, -T-Y-0
(B2 .30 svcalon yof (ouls) (o2 yo5

Sude &S5 gl 98 Wile Sl (A ,0 b o)l (]
- S Bl poline Slaogas (VY JSE) ol oads oluliss
3925 B2 o )lus ) Lol cpl ssims LS5 slizl g clis
O5nS ol ygimwole sdipd JuSid ol odes 0925 cpl b ol
b ool 55 (e ol o lge yiy yo 5 B @Y JS3) 0o
C3 3 C2 oo Lz, L Cl ol alo 5l LI 5 o)l
oad Jax s, Jols SISl sl Laigd oo cvnlive
5 Sk sleod> gl ohlagjg, «pyoeiST ) slaes >
O-Y) sk 5 (oo YoV o legomme) aglaaSss oy b
b bsle Soe5 6585 hldgies o5 Sl Jlde 5 (2o)s
A S arBly oo (223 B legome) i (yj9m 5 b Ussl,
b oo SIM=1) ;S Bl o)lus b awslio 0 (oS5 j5le
Boes o ludy opl o logy gy & jg0 4y Jlo i (2 05 (gl
sl Tde § (e (ygelinl) Th S5L sl
Sl 0y oS5 (e eSS Gole s b glacl gimsle
5 sl e 93l o)Lz cnl o Ly JI . 5@V S
- o0 oodline oyl pl 0 Td, 8 Lisu Lo g ol T Logy
ol (il b s e oy il sloeld iy 25
3 g se odaline o)l cal o Sl (Saull ee
o)l (nl )3 (Gmuslo b (Sl (e slaail (3 )l5e i
- ol Y JSs) 05 0 0du0 0l (S8 g UL glpcw b
RMF2,3 4 SMF3,4 o lutisl sbeo lus 5, Joleo o,lus,
&l ol an S o g (FIUgel, 2010) J5¢lé Lawgs ooy sl
9 oS, H Gl o)lus, a8 5 (Wilson, 1975) ;ygudsg )
5,55 1,8 (Burchett and Wright, 1992) <.,

#¥0

il orey (21 25 b e Wl o

(B) adg> &5 bg o glojlws ) acgoxe -Y-0
Oedle b 09aSsy (sloo las ) Jald glo L) 42 goma o
b Colins () (0 ganally 5l Sl gl
oz 4l ol gnle b gy o)l 9 (Bl (oo
dcgozme ol el (B2 o S3b sbaculos g5 olS) (o, 05
ol oad ololed can S5 i o ks a5 gl o L,
Dgdeo 00 e VO UY osis slpn b sldacgazs 4o
Sewlls g2l pgimwole B gimsy oylus; -)-Y-0
i S ol g (udS) (W oy 4l (g9l
(B1

S ok g 5,5 Wil Gl (i3 0 Il sk oL, )
s sl lojlus )l (O JSS) 098 o0 00yd Caan a5
5 Sl b Sle et slaal b gl o Colag g oS
il (17 Bar o) conl ool S5 B4 g B3 (glee L, L
(paraautochthonous) ool Jo> slaes s Jels oSl
wlood,> g adol olid Ghlsgies y09S Ry slaos >
S3ES O0j9) 05 Sl lade g laslaiSes )l g L
b L) gl Ojse 5 Wlssl, izl b bsle oS
@ Al Cowd oylus; ol 4o .axil e (autochthonous
ol 51 Goes 9 0l oo (SIM)D LS, 5 i oS5k
B JS8) Sl ond JSAT (gt § 08 4 g Sy
Ogsle 9 (S Slao )l 5l 5 058 slaosims JSis
S5b ablie (o) 2 )3 Jlo e 09800 00lin j1eS lade 4y 35
OFSem 95 9 5| (29l Sj90 4 o)l (0l 9)l9e 25 0
OFsle Dyn 4 g SgSilly Sl 3 -byUssl, gl
interlaminated radiolaria-planktonic ) ss o salive
-als (o ) (foraminifera wackestone/packstone
seallTed s Tab) Ly Jig 508 Jloji (2,8 o
5 (s (5eslinal) TD (gloogs guinainl) Ta iony gund
Logs g (FO b0 JSs) ol sus LS5 TC S5 slaasl
s s g e T, Logs Jlgs UL i 036 o s ol o
oidu (BD JS5) 05 so oadlive o)l ol o TR sy
gl BT L L et e I sl Slils (goacls
IS (€7 51 g €O slo i) sl ol jor o5 s il 8



e

Fo)lad Y 0)90 V) s Bt S R o e A
O

o stiarp Wouhdery
paz -

¥ 4

Wi S5 oy oSl e/ S5l sladiind g Colas gl sudS slo Jlgi cpm ools @) abg> ST obyo ) by e (gl acgeze -0 S
s slaal Soo3 les (€) wuin K5 oy 09,5 Wle Sloe idu 50 Sgiwdle g oyyle laasll b gl 1o Cula, 55 oulS pudes slaasl (D)
roas (@A) wae S5 iy (TA0,e) by Js 5l Jloy (2,05 gan ab b Sile laasll b gl jo o)l asrie gl jpe b Colag, s sulS
5€) it KI5 by eciand (Sdye b yolid olocyse, o el (yjem b Ugaly b bglve Sl (la dtgs 3l ons Jo (sloos ;5 02gSung Sao
laall 5l boes a5 Logy JIg (@, D) waiin S5 o b Ugal, j2eS e ar gyl ol 039, 51 JSitte ogy Jlgs T o)l ) o95umg o pgeai (F
@) 9 Can s oo o G‘“"\"‘)?’ LSL"’QI?.)? UL Lews LS))"‘ oA QL....; > 4l O s.:)L.a/ i )y Sl o Sy Tb 5Ta EIPNE S0

dn S5 G oSl seal Sl slaaniod g g g b Sl g ondS Sla JIg (e sl
Fig. 5. Basin floor fan association. (a) Alternation of the calciturbidites and plagic/hemiplegic sediments, Tange haft
section, (b) Alternation of the thick-bedded calciturbidites and shale/marl and mudstone beds in the middle part of the
Garu Fm., Tange haft section, (c) Close-up view of alternation of the thick-bedded calciturbidites with sharp boundaries
and shale/marl layares with graided bedding of Buma sequence (Ta,b,e), Tange haft section, (d) Microscopic photo of
reworked poorly sorted skeletal lements mixed with radiolariam, sponge spicules and planktonic forams, Tange haft
section, (e, f) Microscopic photo of facies Th of the Bouma sequence composed of planktonic formanifers and radiolarian,
Tange haft section, (g, h) Bouma sequence includes thick layars of Ta and Tb, sharp boundaries display relative energy

of the turbiditic currents, Tange haft section and (i) Alternation of the calciturbidites with Buma sequence and
plagic/hemiplegic sediments, Tange haft section.
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Fig. 8. Basin facies association (FC). (a) Black calcareous shale/marl facies (C1) alternated with radiolarian
mudstone/wackestone (facies C2) and planktonic foraminifera, radiolaria mud/wackestone (facies C3), Bavalak section,
(b) Thin to thick layars of the facies C2 without sedimentary structurs alternated with facies C1, Tange haft section, (c)
Microscopic photo of lime mudstone facies with high organic material and dark muddy matrix, Tange-haft section, (d)
Microscopic photo of bioturbation structures (arrow) and decrease in organic material in radiolaria mudstone/wackestone
facies and (e, f) Microscopic photo of facies C2 with mud-dominated texture and high organic material in the micritic
matrix.
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Fig. 9. Basin facies association (FC). (a) SEM-BSE image of the organic material in the facies C1 displays anoxic
condition in the basin floor, (b) Abundant famboidal pyrite in facies C1 that confirms anoxic condition in the basin floor
and (c) SEM-EDX analysis of the organic material in (Fig. a) that shows high organic C in the facies C1.
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