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Abstract 
 
A laterally continuous, three metres thick bed of oolitic grainstone has been studied in cores of two offshore Fars wells (Iran), the 
largest exploited gas field. This hectokilometric, locally late burial compacted, high porosity but low permeability layer forms the top 
of the gas stocking interval located in the Upper Dalan Member (Permian), at the top of the informal K4 reservoir subdivision. 
 
This layer, easily traceable between the wells, lies over high-energy marine deposits of coarse, fauna rich, bioclastic shoals, and 
mainly consists of oomoldic, fine grained, azoic grainstone with coarser centimetric levels. Horizontal to oblique lamination or steep 
foresets were found, but no clear evidence of marine sedimentary processes were observed. The petrography reveals a pure oomoldic 
grainstone affected by emersion related features: pedogenetic imprints (chitonic rims and rhizolitic network), superimposed by early 
meteoric diagenesis (pendant, meniscus and pseudophreatic cements), prior to early total porosity inversion. The combination of the 
observed sedimentary, pedogenetic and diagenetic features indicates a supratidal, eolian deposition. This hypothesis is confirmed by 
the observation of clear pinstripe lamination, the only reliable criterion for eolian recognition. 

Copyright © AAPG. Serial rights given by author.  For all other rights contact author directly.



This layer is the first eolianite discovered within the Upper Dalan Formation, and the first hydrocarbon bearing eolianite ever 
described in a producing interval. These sedimentary bodies, difficult to identify in subsurface, are often misinterpreted as emergent 
shoal deposits, misleading sequence stratigraphic interpretations. Moreover, their recognition is crucial for the correct positioning of 
associated sequence boundaries and for eustatic variations analysis, especially in peritidal aggrading granular intervals. 
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ABSTRACT 
A. laterally COflllnuoos. Ittreo melres ItHck bed of ooIilic grainstone has been 
studied on COtes of two offshore Farswells (Iran). actually the largest exploited 
gas field. This hectokilometric. locally late burial compacted, high porosity but 
lOw permeabl~ty layer fonns the lop ol lhe gas stoetUng intefV8llocaled in the 
Upper Oalan Member (Permian). at the top of the informal K4 reservoir 
subdivision. 

This layer, easily lraceable between the wens, lies ovtIf tjgh-energy mama 
deposits made 01 coarse, fauna rich, bioclastic shoals. II mainly consists of 
oomoIdic, fine grained, azote grllinslone with coarser oentimetric levels. 
Horizontal to obIiq~ lamination Of steep foresetS were found, bul no dear 
evidence of marine sedimentary prnc:ess was observed, 

The peltography reyeab 8 pure oomokfic Olalnstooe affected by emerslon 
relaled features: pedogeneUc Imprints (Chitonlc rims and mltollbc nelwork), 

A PROBLEMATIC UNIT 
The SOUth Pars field Is located offshore Iran In \he North Dome superstructure 

along the Oatar Arch, in the Khuft formation, It covers 3700 out of 6000 km2, and 
beafS 36000t 011"250 rCF (Ehrenberg et al. 2007), whiCllls approxlmalefy 6% 
oltha WOfId 's reserves, The Khuft Formation Is unolficlalty subdl'llded Inlo four 
reservoir intervals, ranging downwards from K1 10 K4, The studied hydrocarbon 
bearing la)'Bl'$ are pari of the Permian Upper Oalan Member, represooted by the 
Wuchaptoglan-CnangBingian K4 and K3 1nlervals (Insalaco etaL 2006). 55% of 
the Oatari NOfth Field reserves (495 out of 900 TeF) are stocked In the K4 
CIlIstal oomoIdlc Int8rtla1 (BaShari 20(5). 
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superimposed by eal1y meteoric dlagenesls (pendant, meniscus and 
pseodophreaticoemenlS), prior to earty total porosity Inversion. 

The combination of the observed sedlmenlatY, pedogenetic and diagenetic 
fealul$S states for a supratiaal, eolian deposilion. This hypOtl'I$8is is eonlimted 
by Ihe ®servalion of clear pinstripe lamination, the ooly reliable criterion lor 
eolian recognition. 

ThIs layer Is the first eoIianlta dlsawered within \he Upper Dalan Formation, 
and the f"1 hydrocarbon bearing eoIianlle ever described In a producfng 
interval, These sedimentary bodies, difllcult to Identify In subsurface, are often 
misinterpreted as emergent shoal deposits, misleading sequence stratigraphic 
Interpretations. Moreover, their recognition Is Cl\JCiat for \he comtCl positioning 
of assoclaled sequence boundaries and lor eustatic vartatlons analysis, 
espedaHy In peritidal aggf8dlng granularmtervals. 

The problematic Intarval con$l$ls in pure, alolc oornoldic (doIo--)grainstone_1t 
Is interpreted as a transgressive pulse related shoal that developed on the fiNt! 
reglessive facies of the K4 cycle, /I can reach an hectokilomelriC latn extent, 
Doe to the Lack of microfauna end Its ilnomalous sequence-stratigraphic 
ceracter, the WuchaptngJan-Changsingl&n boundary could nol be placed With 
certitude, and lateral correlation and exploitabon pt'ObIems OCCtJred, In order 10 
better constrain Ihe sequence-stratigraphy and the depositional model, two 
cores dlitled in the K4 and K3 re5elVoirs were Sludled. .. .. 

THE HYPOTHESIS: THE PRESENCE OF EOLIANITES 
The h)'JXIlhesls was triggered by the surprising f<lCl$s similarity between 

Pleistocene Qata.ri cartxx'late toastal dunes (A) and the oomoIdic layer (a) and 
the fact that the rather complicated and unusual stratigraphic-sequencing would 
be simplified by !tie eventual relnterpf8taOOn of this Interval into supmtida! 
depo$ll$. 

The recogrition of carbonate dan ~its Is difficult In ancient series 
because of their great simllarity with the nearshore environments (Falrtltldge & 
.Johnson 1978; McKee & Ward 1983: INhlte& Curran 1968: Rice & Loope 1991; 
KlndkH' & Oavaud 2001 ; Le Guam & DavalJd 2005; F r&bourO et at . 2008). Hence, 
a very critical approach using converging sedimentok)glcaJ. diagenetic and 

sequence-stratigraphic clues W(loS used. Sa~f'<IIlnve&tigatlon techniques such 
as oore logging, wirellrle togging, intra-wetllm&glng. staO(iard petrography, and 
image analysis helped to gather discriminative criteria 30 tomography proved 
to be 01 ilwaluablo help 10 disoemate meaningfut density variations and 
sedimentary features. The SCi1MBr used was a General EIectrIc"UghISpOOd 16"' 
with voxel resolutioo of 0.25 mm (X, y.z). 

Furthermore, a more than 1100 thin-seclion database of carbonate eatlan 
fades from &CrOSS the world was US8d 101' useful comparisons and 
understanding of eolian depositional and diagenetic phenomena (C). 
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EOLIANITE SEDIMENTOLOGY 
Eolianites are most of the times easy to recognize al the ootcrop. Preferanlial diagooSis. However, their large scale structtJres are nol easily shown at core 
diagenesis often emphasize the diagnostic depositional features, and wide- scale, and thesmallerscalefealures canbemisleading. 
oulcropping conditions associatod 10 3 dimensional surfaces facilitate Ihe 

TYPICAL FEATURES 
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EOLIANITE RECOGNITION CRITERIA 
The ooly reliable eolian recognllion criterion Is the -pinstripe Iamir'l8lloo­

(Fryberger & Schenck 1988). These subcenUmetric lnverse-graded laminae 
ara resulting of the aocreUon of the Climbing Translatent Ripples (Hunter 1977). 
This criterion is issued from the observation of the silicidastic eol ian systems 
and is even used with confidence on Mars to detect eolian processes 
(GrolZlngeret at 2005). 

Sed1menlary structl.lres In heterogeneous carbon<ue sands are blurred by 
the tat/< of sol'1ing of the particles, due to their broad range 01 hydro-- and 
aerodynamic behaviour (Abegg et at . 2001; Jorry at aJ. 2006: YOfdaoova & 
Hoheoegger. 2007}. lrthe prooess physically takes place, ttIe Inversa grading rs 
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not recorded (Frebourg el al. 2008). unless the sand Is more or less 
homogeneous. such as oolitic sand. 

Moreover, this feature onen forms In the Interdune area wtrINe 11 cen be 
misintet'pl'eted as plane-bed II the Inverse grading is not well developed. 
Pinstripe lamination have been observed to form 00 steep angle slopes, and 
even reaching the fepose anglo. 

In abSenceol pinstripe lamInation. the recogni tion of ~ian deposits must be 
based on multIple and converging sedimentary, petrographIc arid dlageMtic 
clues (Frebourg et al. 2008). 
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SEDIMENTOLOGY: two distinct units (A, B) on top of K4 

UNIT A: Marine features and marine early diagenesis 
This unit shows di5tinctive marine discriminative fealufes such as: (1) Pack· 
stone or mud rich 1ayGf'$. (2) Burtows (inlilled 'Nih coarser sediment or with 
anhydrite) (3) Shell molds (with voids remaining open or filled by anhydrite) (4) 
Scour imd FI. stnJctures (5) Trough cross stratiflC8tion (6) Plane bed. 

The tomogntphlc study fSV981ed the presence of sponKIk; lumacheI!ic 
gastropod beds. and confirmed the abovemenHoned features. 

Petrographieally, this unit shows marine phreatic cemenl8Uoo as first 
diagenetic phase, and vadose meteoricfeature5 5UCll as pendant and menbrus 
oemenla as second imprint. The coolent displays sometimes abundant and 

0 .~ ~l .. r-
- -

diverse f0f8mlnlfera (Charliella, Cn/)rog(t()erina. CtyptoseptJda (1) sp .• 
Dagmarifa, Earlartdja, EO$lafftJ//s (1). small GlObivalvuJinkJs. GfMCOdiscvs, 
Hemigord/ellins, HemlgorrJiopsis, /nsoitmtlthecs, small H6migorrJiirls, small 
Legenids, Multldiscus, NenkjntJlle, Pschyphfole, Pefaonubecu/er1IJ , 
PafBdBgrnBfita spp., Pafadegmeffte monodi, Pefeglobive/vulina, 
Pafsgioblvslvi/unoldas, Po/sffsalla afabugae. P$eudodunblJfu/a , 
~/la, Rectomf/ltJrella, ~, RtJIcMHna, Robuloide$, 
SeptogloblvBtvullne, SpMerulllltJ, Tetm/axis, aoo Urushtenella (Insalaco el aI., 
20(6),) 6lhoc1asls,echinodermfragmenlsandplalesandosuacods. 
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I. 
UNIT B: No unequivocal marine fea tures and early vadose diagenesis 

This unit ovetflBl Unit A, separated from the latter by a st}4oliUzed caletete, It does not 
show any cle<l/", unf'iocal marine feature. II displays: (1) calcrete ath top and within the 
unit, (2) rootlet casts, (3) steep foresets thai can reach belw$en 30- and 40· , (4) earty 
subllertic81 kaaumtion (5) Gypsum freckles. and a stylolitized calcrete at the base (6). 

It bears no mecrofaooa nor mIcro(auoa exception made fOf exltemely rare, rewori(ed 
and strongly abraded Pared9gmarita sp. 

The lomographic: study coofitms the steep angles 01 the foresets and the absence of 
the macrofaLma, and reveals the preseoca of I8rge mizoIites with miaHic sheathed 
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tootielS radiating from the principal, vertical roots. The earty fr.tdures are open and follow 
a polygonal pattern, 

The petrography reveals 8 pyrety oomcldic, azoic. gflllnslOne with total Of part\il;l 
porosity inversion. The larger pore network display earty vadose cementation such 85 
meniscus and pendant cement$.. Pseudoptveatic processes lOOk p/aoa in !he tighter 
pores, as undisSOlved ooids Within linertamlnae tesllfy 10. 

Clearpinstripelaminationw&salsoobseNed(seenextposter) 
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UNIT B: RHIZOLITES 
The lOmographic study of the oomoIdlc Interval 
showed $uhvettlcal, thinnlng-downwtlrds, 
bifurcating strudures thaI are less dense lhan the 
matrix. intelpreted as mlzolites (~ red arrows). 
Their occurrence increases towards the lop of the 
layer. Tney tend to deveq) a denset, mlcriUc 
shealt1 around themsetves when reaching under a 
cenairl diameter of a lew milimelllfS (A. yellow 
arrows). Some millmetric roollel casts wilh mialtic 
eoallngs assodated to the action of symbiotic 
funghl (Abegg & Robertson Hanford2001) are seen 
10 mdlate lrom the main roots (B, C, D). Moreover, 
these structures are Slopped by even minute 
calCretes. and grow alOng Its surlace (.4., turqUOIse 
arrows; E, HoIoceoe eKamp6&). 

Though rhizolites are not an eolian depositional 
crilerion.1hey Indicate an emersioo surface. 

UNIT B: PINSTRIPE LAMINATION 
Image analysis was performed 00 some thio-sectlons Issued from the routine plugs 
shoWing lamination (A) using JMicroVlslon 1.3.7 software (Rodull2007: ~dable for 
fme at WNW.JmiCfovtslon.oom). 

Since some of the oomoId!; wtW'e ifljected with blue resin. otnef$ remained ~ of it 
and 5Om8 ooids wafe not dissolved. a synthetic "II'IJected" image (8) snd a binary image 
was built adding the binary images oIlhe three different categories (e). 

A gralnsize eKlrtJdIon made on around 50'000 objects yelded a QlMI showing dear, 
subcentimetrlc. Inverse graded laminae, corresponding 10 Pinstripe lamination (0). The 
Interval OOITespondlng 10 the thin-sections repmse1ll$ morelhan one meier in thlclu'Iess. 
l.at'n1nae sets with angles superior to 20" (E), confirmed by toroographic analysis (F). 
indicate that these slnK:tures COITespond towind ripp6es draping the lee 5ide of a dune. 

~ EOLIANITE CONFIRMED! 
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2: o 
SEQUENCE STRATIGRAPHICAL IMPLICA TlONS 

The reinterpretation 01 !he oomoIdlc layer kilO an danke sImpIllIes !he 
strtltlgraphic sequencing. lnsteadof ~ a lIansg~sive pulse Iocaled at the 
lop of a lransgresslv&-regressive sequence, the K4 cycle will end klglcally wilh a 
complete regression from subtidal to supratidal. 

In a subaerial environment, eoIlanlles do not obey 10 classical sequence­
stratigraphic rules thai .. ppIy to subaql.l8OU5 deposition. Eollanlles may no( 

record precisely the eustatic variations of the source's basin, fOf along I)8riod 
may elapse befOl'elhe sea transgresses back over !he eolian deposits' positive 
topOgNilPhy. If the OCCUTfence of eoIianite WIthin a sequence can simplify the sttaligfBphy, 

aUenUon should be drawn on the lateral implications. Being deposited landward 

DEPOSITIONAL MODEL FOR THE UPPER K4 CYCLE 
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EOLIANITES IN RESERVOIRS: IMPLICATIONS 
Cartlonate eolian deposits ani easily misintltlpRlted as hJglHtnergy marine 

subtidal deposits, such as shoals (Frebourv el at 2(08). If !heir correcl 
Interpre:Ultion m<tY not change their pettophysical properties. U*r 6eposition 
dynamics ere radicaUy different. The submarine deposition occurs basiflwafdt, 
toWards the depocenlef. whereas supralldal deposltioo Is directed landward!. 
The mlslntafpf8lation or eolianites may result in a deviation 01 the reservoir 
f8$pOrl$8 Of behaviour compared to the predictive model. and \heir correct 

interpfelatlon may h81p toOOff8C\ly plan the exploitation. 
Since these bodies may be subject 10 tolai porosity InVflBion Of cemenlatlon 

due to e<Wfy vadose dlagenelic phenomena, eolianites can al$o make ba~ 
layers lor oil extraction (e.g. St louis end Ste GenevIeve Fmts. SOUIhwestom 
Kansas. Loope &Abegg 2001), whereas gas production wlIIless be affected by 
low parmeab/(ities. 

CONCLUSIONS 
The gaS-bearing oomokIic layers do not show unequivocal marine depositlon<Y criteria. 

Moreovet'. they display sedimentary and diagenetic features clearty related to eoIi6n 
deposition. This assumption f5 supportea by !he presence of plosltipe lamination. only 
reliable and unlvoc9l dan critorion, with stratification angles higher than 20", 

This WOUkt make the ·trMsgressive shoalS" located at the top olthe K4 reservoir layer 
and end oIKIV cycle misinterpfeted eolianites. 

The presence of eoIianlt8$ al the end of cycle KJV slmplllies the stratigraphical 
sequencing by tumlng the terminal transgression Into the OOflllnuity of the undertyiog 
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regression. The KJV cycle would be ccwnposed or a transgression ~ by a complete 
regression. rathefthan an uncommon transgressive-regresslve-lrengressive sequenoe. 

These eoiianites would be !he first described in a hydrocarbon producing 1nto ..... al, 
givInog them Ihe $latusol potential reservoir rock. 

The recognition of eolian deposits wlthln hydrocarbon reservoirs can have crudel 
Implications for stnI!lgraphiC-sequencing. modeniog and exploitatlon. regarding the 
extent and depoc:enter of these bodies and the degree of diagenetic alteration pocenKal1y 
favouring or reducing their reseoor potential. 

the treatment Of !he lomogmphlc data toodts. 
We also would like to express our gratitude towards the Swiss National Sde1:toe 

Foundation forsupporting this project (gmnt no. 2001)21·1 07694) 

_ . , _-..(: 1l'O'1"--_"'" __ ... __ ... ~a-~ 
'- ...... _-,_ .. _..., 
=-~'-".\1""';~~ __ .n'tl·t5D 
",o.-,. __ E -.~"' __ ____ ._......".._.:.-_c-

--'N,"~ 

~O ....... ,.QOI)I!.......-_ ...... _'" ___ ........ ~_ ..... "-111 t-aJ _____ __. 

__ """.....-SUOOap.c"'-'.,.l. 

_11._0.-,"" I~_""'--"'" -_ .... _ .. _---­_____ .~MI3_,.. 

_"'Il _.L:IOO' ....... -.._ 

--,,~--- ....... "" _ .. ___ ~~.m -




