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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 al 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 continuous, three metres thick bed of oolitic grainstone has been
studied on cores of two offshore Fars wells (Iran), actually 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, easlly traceable between the wells, lies over high-energy marine
deposits made of coarse, fauna rich, bloclastic shoals. It mainly consists of
oomoldic, fine grained, azoic grainstone with coarser centimelric levels.
Horizontal to oblique lamination or steep foresets were found, bul no clear
avidence of marine sedimentary process was observed.

The petrography reveals a pure oomoldi ne affected by ion
related features; pedogenetic imprints tchmnic rims and rhizolitic network),

A PROBLEMATIC UNIT

The South Pars field is located offshore Iran in the North Dome superstructure
along the Qatar Arch, in the Khuff formation. It covers 3700 out of 6000 km2, and
bears 360 out of 1'250 TCF (Ehrenberg et al. 2007), which is approximately 6%
of the world's resarves. The Khuff Formation is unofficially subdivided into four
reservoir intervals, ranging downwards from K1 to K4. The studied hydrocarbon
bearing layers are part of the Permian Upper Dalan Member, represented by the
Wuchapingian-Changsingian K4 and K3 inlervals (Insalaco et al. 2008), 55% of
the Qatari North Field reserves (495 out of 8900 TCF) are stocked in the K4
crestal comoldic interval (Bashari 2005).
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THE HYPOTHESIS: THE PRESENCE OF EOLIANITES

The hypothesis was triggered by the surprising facies similarity between
Pleistocene Qatan carbonale coastal dunes (A) and the oomoldic layer (B) and
the fact that the rather complicated and unusual stratl ic- ing would
be simplified by the eventual reinterpretation of this interval inlo supratidal
depasits.

The recognition of carbonate eolian deposits is difficult in ancient series
because of their great similarity with the nearshore environments (Fairbridge &
Johnson 1978; McKee & Ward 1983; White & Curran 1988; Rice & Loope 1991;
Kindler & Davaud 2001; Le Guemn & Davaud 2005; Frébourg el al. 2008). Hence,
a very critical approach using converging sedimentological, diagenetic and
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superimposed by early meteoric diagenesis (pendant, meniscus and
pseudophreaticcements), prior to early total porosity inversion.

The combination of the observed sadimentary, paedogenetic and diagenetic
features states for a supratidal, eolian deposition, This hypothesis is confirmed
by the observation of clear pinsiripe lamination, the only reliable criterion for
eolian recognition.

This layer is the first eclianite discovered within the Upper Dalan Farmation,
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 varalions analysis,
especially in peritidal aggrading granular intervals.

The problematic interval consists in pure, azoic comoldic (dolo-)grainstone. It
is interpreted as a transgressive pulse related shoal that developed on the final
regressive facies of the K4 cycle. It can reach an hectokilometric lateral extent.
Due 1o the lack of microfauna and its anomalous sequence-siratigraphic
caracter, the Wuchapingian-Changsingian boundary could nol be placed with
certitude, and lateral correlation and exploitation problems occured. In order to
belter conslrain the sequence-stratigraphy and the deposilional model, two
cores drilled in the K4 and K3 reservoirs were studied.

“Well A+

16km 85 km -

f cycins Ké and K3with

sequence-siratigraphic clues was used. Several investigation techniques such
as core logging, wireline logging, intra-well imaging. standard petrography, and
image analysis halped to gather discriminative criteria. 3D tomography proved
to be of invaluable help to discernate meaningful densily variations qisu
sedimantary features. The scanner used was a General Electric meuﬂ
wilh a voxel resolution of 0.25 mm (X.Y,2).

Furthermore, a mora than 1100 thin-section database of carbonate eoiian
facies from across the world was used for useful comparisons and
understanding of eolian depositional and diagenetic phenomena (C). A
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EOLIANITE SEDIMENTOLOGY

TYPICAL FEATURES
Large landward dipping foresets

Grainflow structures
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Eolianites are most of the times easy to recognize al the outcrop. Preferential
diagenesis ofien emphasize the diagnostic depositional features, and wide-
oulcropping conditions associated to 3 dimensicnal surfaces facilitate the

diagnosis. However, their |erge scale structures are not easily shown at core
scale, and the smaller scale features can be misieading.

Pedoturbation

Pms!npa Iamlnahun

NAtrark

memwm th-rmwp:m Grwnflow lenses in a guarry

Uniform thickness

Transgression evidences

ap stowing ri

ar. val. Eemuan, M Frt, Plofsiocone,  Stob  ech cwgu:m
Moracco Southeesiem Tunisia
UNUSUAL FEATURES

i faseic), Sih S

:Fmt Ummﬁmo Jorba tatand

Early polygonal fracturation

my»wsemmmm )i

eary
mmmmmrmm IS B0, AJFumm

points ot peleosod. MIS 6 Al Jabin | Patenu,
Spkanate af Oman Cyprus Isling

MISLEADING FEATURES

Unidirectional [dm] foresets
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Small scale trough X-stratification

Syn-depositional reworking

‘The only reliable eolian recognition criterion is the “pinstripe lamination™
{Fryberger & Schenck 1988). These subcenlimetric inverse-graded laminae
araresulting of the accretion of the Climbing Translaten! Ripples (Hunter 1977).
This eriterion is issued from the observation of the siliciclastic eolian systems
and is even used with confidence on Mars to defect eolian processes
(Grotzinger et al. 2005).

Sedimentary structures in heterogeneous carbonate sands are blurred by
the lack of sorting of the particles, due to heir broad range of hydro- and
aerodynamic behaviour (Abegg et al., 2001; Jorry et al. 2006; Yordanova &
Hohenegger, 2007). Ifmepmmssphysicallp takes place, the inverse grading is

EOLIANITE CRITERI
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EOLIANITE RECOGNITION CRITERIA &

nol recorded (Frébourg el al. 2008), unless the sand is more or !us"
homoganeous, such as ooliticsand. »
Mareover, this feature often forms in the interdune area where it
misinterpreted as plans-bed If the inverse grading is not well dev
Pinstripe lamination have been observed to form an steep angle slopes,
evenreaching the reposeangle. -
Inabsence of pinstripa lamination, the recognition of eclian dapnsllsm
based on mulliple and converging sedimentary, petrographic and diage
clues (Frébourg 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 distinctive marine discriminative features such as: (1) Pack-
stone or mud rich layers, (2) Burrows (infilled wih coarser sediment or with
anhydrite) (3) Shell molds {with voids remaining open or filled by anhydrite) (4)
Scour and Fill structures (5) Trough cross stratification (6) Plane bed.

The tomographic study revealed the presence of sporadic lumachellic
gastropod beds, and confirmed the abovementioned features,

Petrographically, this unit shows marine phreatic cementalion as first
diagenetic phase, and vadose meteoric features such as pendant and 15

diverse foraminifera (Charfiella, Cribrogenenina, Cryptoseptida (7] sp.,
Dsgmama Eadand-‘a Eostaﬂella (?), small Globivalvulinids, Graecodiscus,

Insolentitheca, small Hemigordiids, small
Lagenids. Mumdrscus Nankmeua Pachyphloia, Paleonubecularia,
Paradagmarita spp., Paradagmarita monodi, Paraglobivalvulina,
Paraglobivalvilunoides, Polarisella elabugae, Pseudodunbarula,
Ps:eucbvenmpomﬂa Rectamillerslla, Reclostipulina, Reichelina, Robuloides,

cemenls as second imprint. The content displays sometimes abundant and

, Sphaeruling, Tetrataxis, and Urushtenella (Insalaco et al.,
2006) ) lithoclasts, echlnodarm fragments and plates and ostracods.

RESULT

UNIT B: No unequivocal marine features and early vadose diagenesis

This unit overlies Unit A, separated from the |atler by a stylolilized calcrete, It doas not
show any clear, univocal marine feature. It displays: (1) calcrete at the top and within the
unit, {2) rootlet casts, (3) steep foresets that can reach between 30" and 40°, (4) early
subvertical fracturation (5) Gypsum freckies. and a stylolitized calcrele at the base (6).

It bears no macrofauna nor microfauna exceplion made for extremely rare, reworked
and strongly abraded Paradagmarita sp.

The tomographic study confirms the steep angles of the foresets and the absence of
tha macrofauns, and reveals the presence of large rhizolites with micritic sheathed
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rootiets radiating from tha principal, vertical roots. The early fractures are open and follow
apolygonal pattern

The petrograp!w reveals a purely comoldic, azolc, grainstone with total or partial
porosity inversion. The larger pore network display early vadose cementation such as
menigcus and pendant cements. Pseudophrealic processes took place in the tighter
pores, as undissolved ooids within finer laminae testify to.

Clear pinstripe lamination was also observed (see next poster)
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UNIT B: RHIZOLITES

The tomographic study of the oomoldic interval
showed subvertical, thinning-downwards,
bifurcating structures that are less dense than the
matrix, inlerpreted as rhizolites (A, red amows).
Their occurrence increases lowards the top of the
layer. They lend lo develop a denser, micrilic
shealh around themselves when reaching under a
certain diameter of a few milimeters (A; yellow
arrows). Some milimetric rootlet casts with micritic
coalings associated to the action of symbiotic
funghi (Abegg & Robertson Hanford 2001) are seen
to radiate from the main roots (B, C, D). Moreover,
thesa slructures are stopped by even minute
calcretes, and grow along its surface (A, wrquolse
arrows; E, Holocene example).

Though rhizolites are not an eolian depositional
criterion, they indicate an emersion surface.

RESULTS -

(A} Five vertical shces with 2 or 3 min shilt botween
shces. (B) Ciose-up of b vovtical fomographic slice. The red arows
powl af s rhizoites. The white (dongser) coating shoaths the void
feft apen by the wood fibers’ docay (C] Shabbed com's sirfece
displaying smak riizolites with micritic coatings with open vords due

UNIT B: PINSTRIPE LAMINATION

Image analysis was performed on some thin-sections issued from the routine plugs A grainsize extraction made on around 50°000 objects yelded a curve showing dear,
showing lamination (A) using JMicroVision 1,3.7 software (Roduit 2007; downloadable for - subcentimetric, inverse graded laminae, coresponding to Pinstripe Lamination (D). The
frea at www. jmicrovision.com). interval comesponding 10 the thin-sections represents more than one meter in thickness.

Since some of the comolds were injected with blue resin, others remained devoid of it  Laminae sets with angles superior to 20" (E), confirmed by tomographic analysis (F),
and some coids were nol dissolved. a synthetic "injected” image (B) and a binary image indicate that these structures commespond 1o wind ripples draping the lee side of a dune.
was buill adding the binary images of the three different categories (C).
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curve. The ed Brows shows nverse grading, (£) Stabbed surface of a core aowing obique laminae. [F) Tomograpiic section of average mauinurm o of (ho inlier inferval with obique aminae seds resching 20° {red arrows port. 8l gypswn
freckias)

=P EOLIANITE CONFIRMED!



DISCOVERY OF AN EOLIANITE IN THE UPPER DALAN MEMBER,

*\ UNIVERSITE
DE GENEVE

FACULTE DES SCIENCES

KHUFF FORMATION, SOUTH PARS FIELD, IRAN

3: Oil Exploration & Prod. Research Division, Ripi, Tehran, Iran

)

complete regression from subtidal to supratidal.

Tiaw Rata | Aiga s L

v st

Laye treest ~Sebkha
THugh sl | el parasc lomeasts -Evaporites
Batucan
1
N\
™, Inner, low-anergy
| subtidal deposits
-Local lagoons
| High-anergy subbdal
Outer, low-anergy and intertical deposts
“Intenidal sands
subilidal deposit
y -Beaches
-Tidal sandwave complaxes
-Shoals
-Tidad channels
“Hydraulic dunes ! maganppies
Upper K4

G. Frébourg', C.-A. Hasler', E. Davaud', J. Gaillot’, A. Virgone® and M. Kamali’

1: University of Geneva, Department of Geology and Paleontology, rue des Maraichers 13, 1205 Geneva, Swilzerland (Gregory.Frebourg@unige.ch)

2: Total SA. Centre Scientifique el Technique Jean Feger, avenue Larribau, 64'000 Pau, France

The raintarpretation of the ocomoldic layer into an eclianite simplifies the
stratigraphic sequencing. Instead of placing a transgressive pulse located at the
top of a ransgressive-regressive sequence, the K4 cycle will end logically with a

If the pccurrence of eclianite within a sequence can simplify the stratigraphy,
attention should be drawn on the lateral implications. Being deposited landward

OW-ENeTgy
supratidal deposis.
Ticdal Rats / mixed flats

SEQUENCE STRATIGRAPHICAL IMPLICATIONS

in a subaerial environment, eolianites do not obey to classical sequence-
stratigraphic rules that apply to subaqueous deposition. Eolianites may not
record precisely the eustatic variations of the source's basin, for a long period
may elapse before the sea transgresses back over the eolian deposits’ positive
topography.

DEPOSITIONAL MODEL FOR THE UPPER K4 CYCLE
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BNNm EOLIANITES IN RESERVOIRS: IMPLICATIONS

Carbonate eolian deposits are easily misinterpreted as high-energy marine
sublidal deposits, such as shoals (Frébourg et al. 2008). If their corect
Interpretation may not change their petrophysical properties, their deposition
dynamics are radically different. The submarine deposition occurs basinwards,
towards the depocenter, whereas supralidal deposition is directed landwards.
The misinterpretation of eclianites may result in a deviation of the reservoir

interpretation may help to correctly plan the exploitation,

Since these bodies may be subject 1o tolal porosity inversion or cementation
due to early vadose diagenelic phenomena, eolianites can also make
layers for oil extraction (e.g. St Louis and Ste Genevieve Fmits, Southwesterm
Kansas, Loope & Abegg 2001), whereas gas production will less be aﬂoctsd by
low permeabilities.

response or behaviour compared to the predictive model, and their correct

CONCLUSIONS

The gas-bearing comoldic layers do not show unequivocal marine depositional criteria.
Moreover, they display sedimentary and diagenetic features clearly related o eolian
deposition. This assumption s supported by the presence of pinstripe lamination, only
reliable and univocal eclian criterion, with stratification angles higherthan 20°.

This would make the “transgressive shoals” located at the top of the K4 reservoir layer
and end of KIV cycle misinterpreted eclianites.

The presence of eolianites at the end of cycle KIV simplifies the stratigraphical
sequencing by turning the terminal transgression into the continuity of the underlying
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