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14 A Leologqical Uverview of lran

The Petroleum Geology of Iran

As one of the world’s major hydrocarbon producers, the Islamic Republic of Iran has ol
reserves of almost 90 Bbbl and annual production rates in excess of 1.3 Bbbl—second
only to Saudi Arabia in terms of global oil-supply potential. Iran has the world's
second-largest natural gas reserves and is the largest producer in the Middle East,

iran 1s a country of o1l giants, with most of its crude o1l located in onshore fields in
the Dezful embayment. The Ahwaz, Marun, Gachsaran, Agha Jari and Bibi Hakimeh
fields account for around two-thirds of total oil production

Ihe potential for new reserves is immense. Recent studies suggest reserves of
15Bbbl of oil and 170 Tm+ of natural gas in addition to current proven reserves. A
vigorous and sustained exploration program 1s expected to locate these potential
reserves and, ultimately, to increase the nation's recoverable hydrocarbon resources.
Mlany large surface anticlines in the Zagros fold belt and elsewhere in Iran have yet
to be tested. Several hydrocarbon prospects that were identified during the 1970s as
showing excellent potential are now undergoing full evaluation.

Iran has played a leading role in the application of new geoscience techniques and
helped shape the global development of oil and gas technology. Further geological
investigation using state-of-the-art methods 1s seen as the key to unlocking lran's
vast undiscovered o1l and gas potential,

In 1941, National Iranian Oil Company (NIOC) started a major integrated reservolr
charactenization of the giant Ahwaz field. This study of one of the world’s largest
hydrocarbon-bearing structures took three years to complete, and was followed by three
years of extended studies. It used geostatistical methods that had never betore been
applied to a field of this size. The result was a combined grid- and object-based
geostatistical model that, when simulated, provided a detailed three-dimensional
lithofacies distribution within the entire reservoir consistent with traditional geological
models. This detailed geological description was then used as a basis for the full-field
How simulation and production predictions.

I ran sits at the heart of the Middle East,
bordering the Persian Gulf, the Gulf

of Oman and the Caspian Sea (Pigure 1),
The « ountry extends Lo more than

LG million km= and has a population (July
W000Y 1 excess of G5million. The climate
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Figure 1: Iran sits at the heart of the Middle Fast, bordering the Perstan Gulf, the Gulf of Oman and the Caspian Sea
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90 Bbbl (Figure 2) and annual production
rates in excess of 1.3 Bbbl (Figure 3). This

' places Iran second only to Saudi Arabia in

terms of global oil-supply potential. Most

of the country's erude oil is medium gravity

and low in sulfur. Iran has the world’s second

largest natural gas reserves (after the
. Former Soviel, Umon [FSU]) and 15 the

0il production (MMbbl/yr)
=
=

1500 -
largest producer of natural gas in the Middle
1000 1 East (Figures 4 and 5). Moreover, Iran’s
500 - 350 300 hydrocarbons are expected to play an even
‘a ;ﬁ 1% 1%] 20 greater role in the future global energy
0" —— . , — . — — economy as underexplored areas within the
AS:JH‘?; ran g UAE  Kuwait Oman Qatar  Syna \“Emﬂnm{;tll;ﬂgm country are opened up for development.,
Iran is a country of oil giants, with more
Figure 3: Iran’s annual oil production rates are second only to Saudi Arabia than half of the country's 40 producing

fields contaiming in excess of 1 Bbbl of ail.
The majority of Iran's erude o1l is located

— in giant onshore felds in the Dezful
70 - isbel Gas Nes embayment region. The Ahwaz, Marun,

Gachsaran, Agha Jari and Bibi Hakimeh
"..L - ] ' -
fields account for around two-thirds of its
= Lotal ol production. Recent studies and
S surveys suggest that the country may
g contain 15 Bbbl of o1l and 170 Tm of natural
- gas in addition 1o current proven reserves,
]
¥ A vigorous and sustained exploration
m ]
3 program is expected Lo localte these
112 103 potential reserves and, ultimately, 10
A 83 73 3 g0 sg 51 - o
g % E a aﬂ a a 11 131 increase the nation's recoverable
, . - § e S : e e el - = - ~ hydrocarbon resources.
FSU  Iran Afnca Asia (atar North South UAE Saudi Europe lrag  (ther ran's oil and gas industry has a long and
Pacif ' '
il AIRIACS 300 2 Middle ilustrious history that has influenced Lhe
Central Fast , .
America dlevelopment of exploralion and production
activities in many parts of the world. The
Figure 4: lran has the world's second-largest natural gas reserves country's first. oil well entered production

i 19089, and many ol and gas lstorians
cite Masjid-1 Sulayman as the birthplace
of modern oilfield management. lran has

Middle East Gas Production played a leading role in the application of
E 60 -

new geoscience technigues and shaped
2.5 the global development ol oll and gas
&
B 4 technology. Ifor example, some of Lthe
:E:I 40 - carliest geophysical surveys for petroleum
= exploration were conducted m lran during
=
= . STA T e I s
S 30 the 1920s and 1930s (IMigure 6).
E .24
@ 20 '
3 Geological framework
10 85 1 5.6 54 [ran straddles the junction between the
g ﬁ ﬁﬂ | Furasian and Arabian tectonic plates
0- = ' ) ! g . - . .
' ' ’ . : ' X ' (FFigure 7T) and is characterized by extensive
Iran Saudi LIAE (atar  Bahran  Kuwat ~ Oman  Other g T .
Arahily Middle Fast  and active faull movements across i
number of major earth structures. As a
Figure 5: Iran’s annual gas production rates are the highest in the Middle East result, strong earthquakes are a frequent
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Figure 6: Gegphysicists
conducting a selsmic
refraction survey in the
19205, The franian oil
industry adopted
seismic exploration
methods at an early
stage and has been

at the forefront of
geoscience technology
for almost 100 years

Figure 7: Situated at
the junchion of Furasian
and Arabian rectonic
plates, irans geology is
dommated Dy fold-and-
thrust belts amd larqge
scale strike=shp fauits
see the cross sechon in

Fraure 12

Oman ..
Mountains

trarlt of Aden

A Geological Uverview ot lran 17



Earthquake epicenters ' E‘(‘}‘ Spreading axis,

X tion zone :
Histarics e ot - : 4- Subductio 7 half rate in cm/yr
third ocal depth | |nstrumental 1900-14990 T
BC b2 . — motion in cm/yr
o~ : No motion (cm/yr)
e 1900 AD : 0= | 21= | 61= [101-) 201~
Magnmitude 20 | 0 | 100 | 200 | 300 focal| Total » A a Center of young
Total {mh) dﬂpth A 'y & Thrust/reverse fault D depression
16 A 8 and over O O O O O O 10 I i 1 Dip-slip faul - Moho isopachs :
A s el G I in km lapproximately
38 | /\ 7-1.9 OlO|O|0|O|O]| e o it
___Unspecified fault .~ _ gravity anomaly in
68 | /\ §-6.9 O|O|O0|O|O|0O| a3 - milligal
A A & Foreland fold and (approximately)
| A a9 @loj9|9]o|9| B3 | * “- thrust belt e Mud volcano
1013 Total 588 [1552| 210 | 229 | 173 | 277 3029
VAN © O Q0 QO 10simiarevents * Anticline

Figure 8: lran’s plate boundary position causes frequent and severe earth movements over much
of the country. Major earthquakes are concentrated in the Zagros mountain range in the south
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Figure 9: The geology of iran's major structural divisions—the Zagros range,

the central region and the Alborz range

oecurrence Lhroughout the region

(IFigure 8), with the greatest concentration
of severe earth movements occurring in the
south. The most significant feature is the
Hindu Kush fault, which runs from eastern
China to central Iran.

Many of the earthquakes are linked to
compression along the northern edge of the
Arabian plate, This 1s caused by its collision
with [ran, an ongoing event that has created

one of the world's most important fold belts.

This belt runs from Turkey, parallel to the
Iran-lraq border, all the way Lo the Straits
of Hormuz. It contains some of the world's
largest anticlinal oil reservoirs, These
include accumulations such as the Ahwaz
reservoir, which is around 64 km in length.
These huge stractural fields have given long
periods of high and dependable production.
The Asmari formation, the Middle East's
lirst oll-producing horizon, was drilled

| 808 and remains the principal ol producer
for lran,

Geological regions

Two large mountain ranges—Ithe Zagros
Mountains in the south and the Alborz
Mountains in the north—divide lran into
three geologically different regions: the
Zagros range, the central lranian region
and the Alborz range (Figure 9),

The Zagros Mountains

A large proportion of Iran's oil reserves is
found in the vast reservoirs that underlie
the Zagros Mountain belt, which stretches
almost 1770 km (from Turkey to the Gulf
of Oman) and crosses most of Iran. A
northwest-southeast trending belt of
crushed sediment (referred to as the
erush zone) runs from the western end of
Lurestan to the area northeast of Minab,
and marks the northeastern limit of the
Zagros range. The area immediately
southeast of the crush zone is intensely
folded and faulted. The sediments exposed
here are generally of Mesozoic age. The

A Geological Dverview of lran 19



Figure 10: The shape and size of the major oil fields in the Zagros foothills
are controlled by the structural gram of the fold-and-thrust belt. Major fields
such as Ahwaz, Gachsaran and Bibi Hakimeh clearly follow the east-west
ltne of the mountam from

imntensity of lfolding gradually decreases
Lowards the Persian Gull where younger
rocks are seen in outerop, The large-scale,
fold-and-Lhrast struetures of the Zagros
Mountains indicale periods of intense
compression and delormation. These major
mountaim-bullding episodes (or orogenies)
created most of Lthe anticlinal structures
where o1l and gas have aceumulaled.

The Zagros orogeny was the stronges
Lectome event Lo alfect southwest Tran.
alarting i the late Miocene, Lhis mountain-
building episode is still active, This can he
seen in the tlting that is observed in some
very young conglomerate deposits. The
orogeny produced a series of
northwest—southeast-trending structures
of economic signmficance (Pigure 10),

Litteral offsels in the pattern of seismicily
alomg Lhe Zagros fold-and-thrust bell
indicate that the transverse faulls dividing
Lhe Arabian basement are active, deep-
seated strike=slip laults. The dominant
northwest—southeast-trending features of
this belt have undergone repeated horizontal thick, argamic-rich
displacements along the transverse faults. marmne sediments
These reactivated basement faults controlled accurmulated. The
the deposition of the Phanerozoic cover
before Tertiary-Recent deformation of the
the width of the
seaway (b and ),

Aagros area and probably influenced the
entrapment of hydrocarbons on the

northeast margin of Arabia and in the Zagros uftunately breaking the
sea hink between the
Mediterranean Sea
and the Indian Ocean

area. ["ault patterns observed on landsat
images and information on the spatial
distribution of earthquakes and thewr focal
mechanmsm solutions have been used to infer (d) and leating to
a tectome model for the Zagros basement.
Deformation i the northwest Zagros

Freglon appears 1o he concentrated on

20 A Geological Overview of lran

Figure 11: The breakup
of Pangaea during the
Permian (a) led to the
development of the
lethys S5ea, where

northward movement
of Gondwana reduced

collistan and lock up
of the Arabian amd
turasian pates (8)
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Fiqure 12: A simplified view of lran’s tectonic evolution

basement Lhrasts and a few widely spaced
north=south-trending, strike—slip faults that
separale major structural segments.

In the southeastern part of the Zagros
range, geologists have identified two
minn stroctural domains, A domain ol
north=northwest-trending, right-lateral
flts i the northern area of the southeast
ZAgros region implies that fault-bounded
blocks are likely 1o have rotated
anticlockwise about vertical axes relative 1o
both Arabia and central Iran. In contrast, Lhe
predominance of north-northeast-trending,
left-lateral faults in the second domain (the
southern part of the southeast Zagros)
imphes that fault-bounded blocks may have
olated clockwise about vertical axes.
lHecent studies have proposed a tectonic
model with crustal blocks hounded by
sirike—slip faults in a zone of simple shear
that rotate about vertical axes relative 1o
hoth Arabia and central Iran, Domains of

strike-slip and thrust faulting in the Zagros
basement suggests that some of the
convergence beltween Arabia and central
Iran 1s accommodated by rotation and
possible lateral movement of crust along the
belt by strike=slip Taulting, as well as by the
obvious crustal shortening and thickening
occurring along thrust faults.

The central lranian region

Located between the major mountain
ranges ol northern and southern lran, the
central portion of the country contams oil
and gas in large surface anticlines, These
structures occur in the Oligocene-Miocene
Fom limestone shale sequence. The Albors
and Serajeh fields contain relatively
complex structural reservoirs that have
been controlled by thrust faults and sall
movement, In Alborz lield, the Qom
formation changes rapidly from reel
limestone Lo inter-reel marl over very shorl

distances, but the productive interval in the
reservoir 15 a few hundred meters thick.
The anticlinal structure of Serajeh field
(32 km long and 8 km wide) can be seen in
outerops above the reservoir. The reservoir
layer is a Qom formation member and
occurs at depths between 8000 and 9000 ft,

The Alborz Mountains, northeast
basin and Caspian Sea

The Alborz Mountains lie between the south
Caspian basin and the Arabian-Eurasian
suture zone. The ages of uplift and
deformation evenls affecting this area have
been determined by radiometrie dating of
[olded and laulted Phanerozoic strata and lwo
plutons in the Alam Kuh area—the Akapol
igneous suite and the Alam Kuh granite.

il and gas exploration in the northern pari
of Iran is centred on the Sarakhs area. The
Lhick accumulation ol marme sediments and
the absence of voleame activity, which could
mterfere with hydrocarbon accumulation and
maturation, have attracted the attention of
petroleum geologists lor years, Khangiran and
Gonbadli fields are among the most important
accumulations in this part of the country,

Bevaond the northern coast of lran,
attention is turning Lo the oil and gas
potential of the Caspian Sea. The geology
of the Gaspian Sea 1s nol well known and
generally assumed 1o be simlar 1o Uhat, of
the Former Soviet State ol Azerbaijan,
[Following suceessful oil and gas
cevelopments by other countries around the
Caspian Sea, this relatively underexplored
play is seen as o magor new frontier for the
Iranian oil and gas industry,

Geological evolution of Iran’s
hydrocarbon wealth

The development of Tran's major ol and gas
fedds has been direculy influenced by Lhe
development and denmuse of major earth
structures over Lthe past 250 million vears
(FMigure 11).

The ongins of the Zagros Mountains and
the huge anticlinal structures that hold so
much of the Middle Bast's hydrocarbon
wealth can be traced back 1o the breakup of
the land mass known as Pangea. During the
Permuan, this supercontinent broke up to

form a northern continent—Laurasia—and
A southern continent—=Gondwana. In the
late Permian and the 'Triassic, rifting in what
s now Iran and surrounding countries,
ragmented the continental crust and
created two seas—Paleo-Tethys in the north
and Neo-Tethys to the south (Figure 12).

A Geological Overview of lran 21
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i Neo-Tethys Sea stretched from the

nchian Ocean, across the Middle East, to

~ southern Europe. These marine rifts proved

1o be ideal sites for the deposition of

~ carbonate and clastic reservoir sequences

~ and, in some places, organic-rich sediments

. in intracratonic basins, marginal basins,
Dell and platform margins,

I'he last remnants of the Tethys seaway
nodalmaost disappeared when the ocean
areas were overridden by continental crust.
AL the same Lime, Lhere was intense
deformation ol sediment i the zones where
teetonic forces pushed the Arabian and
Eurasian plates together, Altempts Lo
reconsiruct the Permo-Triassic
pedeogeography of the region have proved
ditfieale, The challenge is compounded by

e subduction of some crust and the
detormation that created the mountain
~ range Lthat strelches (rom the Black Sea to
e her Inedian Oeean,

The econonueally sigmlicant Asmanr
carbonates deposited m the Zagros basinal
Lromgh were the last open-marine deposils
id down in the Neo-Tethys Sea. As global

cilevels dropped during the Miocene, the
cowiys became restricted and isolated and
cventually dried out—an event marked by
the deposition of thick evaporite layers sueh
as Lhe Gachsaran formation, In lran, these
evaporites serve as elfective seals for ol
and gas generated in Cretaceous rocks,
Paleontological evidence indicates that
Hhe Tinal closure of Tethys began around
Lo million years ago. Therealter, the
diamsms in the Indian Ocean 1-.1.'1*a|\r{'?¢"|
sepirately from those i the Mediterranean.

_.The stratigraphic sequence

The area southwest of the main Zagros
thrast has been under geological
Investigation since the lale mineteenth
cntury. Active ol and gas seeps attracted
arly explorationists 1o the area and since
e, o1l compames have conducted
Humerous surveys, A complete modern
stratigraphy of the region was published in
D65, To the northeast of the main Zagros
thrust, stratigraphic studies had bheen
conducted since the mneteenth century.
However, it was not until the establishiment
GENIOC in 1950 that systemalic
ligraphic investigations were conducted

wross this area (Figure 13)

Southwest Iran

Paleozoic

The patchy records of Paleozoic rocks make
it difficult to establish a regional stratigraphy
for that tume period. In areas where Paleozoic
rocks are exposed, the sequences are
dlominated by the red shales and dolomites
of the Barut formation and the shales and
sandstones of the overlying Zajgun formation.
These are the oldest units represented at.
surface, being late Precambrian or lower
Cambran, The Cambnan sequence at these
localities consists of red shales and siltstones
of the Lalun formalion and imestone-shale
sequences of the Mila formation. The
sandstones and shales of Lhe llebeyk
formation are now known to be of Tremacdoc
(lower Ordovician) age. These sediments are
overlain by Devonian (Zakeen) and Permian
(IParaghan ) rocks at Kuh-e Dinar and by the
Crdovician Tormation ab Zard Kah.

The Permian sediments comprise a thick
it ol limestone and dolomite that s widely
distributed over sonthwest lran, These
carbonates, the Dalan formation, are
equivalent 1o the Dalan unit found
throughout the region. The formation s gas
bearing in Lthe western part of Fars Provinee.

During the early and muddle Paleozoe, a
huge marvine platform covered the whole of
Iran. In the late Triassic, a major teetonic
event sphit the Paleozoie platform in two:
cach part subsequently lollowed entirely
different courses of structural development,
The hine separating the two units developed
o the main Zagros thrust during the
Alpme orogeny. Southwest ol thas stroctural
line, the Zagros basin developed as a
steadily subsiding trough. This trough was
Asite o continuous sedimentary deposition
rom the Permian to the Tertiary. A
combination of factors ensured the
hydrocarbon value of the region southwest
ol the Zagros thrust:

m o long period of quiet sedimentation

® deposition of organic-rich source beds i a
marine cnvironment

m development of thick rock sequences that
could act as reservoirs

m deposition of excellent cap rocks and
large structural traps formed at the

appropriate lime,

AN AL NS A N A

Mesozoic

The Mesozoic record s more complete than
the Paleozoic record and it displays a great
deal of facies and thickness vanation. The
Triassic sequence consists mainly of
anhydrite, limestone and dolomites of
restricted, shallow-water origin. Evaporites
are absent, for example, from some areas to
the south of the crush zone, indicating
nondeposition or subsequent erosion.

Jurassic

Towards the end of the early Jurassic,

a transgressive event alfected the whole

of southwest [ran. Deposition of marine
carbonales—the Surmeh formation—
continued until the end of the Jurassic. The
Surmeh is overlain by Hith evaporites in
Fars Province and the Deziul embayment,
In Lurestan, however, the basal part ol the
Jurassic sequence 1s represented by the
Neyrz formation—a mixed sequence of
dolomites, shales and evaporites. Above the
Neyriz formation, there are more carbonates
and evaporites in the Adaival, Mus and
Alan formations. In Lurestan, the basinal
shales and limestone of the middle Jurassic
sargelu formalbion overlie the Alan
formation and are overlun disconlormably
yy the Najmah and Gotma lormations,
which complete Lhe Jurassic sequence,

Cretaceous

AL the end of the Jurassie, the eastern part
of the region underwent substantial uplift,
This 15 particularly apparent in Fars
Province. Subsequent erosion remaoved
parts of the Hith evaporite and the
underiyvimg Surmeh formation. The area was
Lhen submerged by another transgression
[rom the north, and deposition of the
Fahlivan formation limestones began,

Durimg the early Cretaceous, the western
parts of the Dezful embayment and the
whole of Lurestan were depocenters lor
bituminous black shales of 1the Garau
lormation. By the middle Cretaceons, the
basin was less extensive—with accumulation
of Garan sediments being confined 1o central
Larestan, where deposition continued antil
the start of the Comacian,

The marine sediments of the Fahlivan
formation were deposited to the east of
these basins, in a shallow shell environment.
The Fahlivan, which now forms a proninent
limestone it across the Deziul embavment
andl Fars Province, has good reservolr

A Geological Overview of lran - 23



characteristics in places and is gas-bearing
in parts of the Dezful embayment,

In some areas, the Fahliyan formation
15 separated from the overlying Darlyan
formation by shales, siltstones and minor
limestone beds of the Gadvan formation.
However, in Lurestan and parts of the
[Dezlul embayment and Fars Province the
Gadvan 1s absent—making it difficult. to
define the precise boundary between Lhe
Fahliyan and Dariyvan lormations.

The Aptian-Darivan formation consists of
shallow-water, neritic limestones that form
a good reservoir unit, which is o1l bearing in
Lhe Deziul embayment. A widespread
regression al the end of the Aptian marked
the end of Dariyan deposition. The
cmergence and erosion of sedimentary
deposits at this time are evidenl in the
regional aneonformity across Fars Provinee.
Il central parts ol the Dezful embayiment,
Lhe hmestones of the Dariyvan lormation
pass o the shales and marls of the
Alman—=carly-Cenomanian Kazhduom
formation, This clastic unil. overlies Lhe
Dariyvan formation, excepl i Lorestan
where sedimentation of the basinal Garau
formation continued without mterruption.

The shallow, near-shore carbonates of the
sarvak Tormation conlformably overlie the
IKazhdum formation. The Sarvak 1s an
important reservolr unit in the Dezlul
cmbayiment where good production has
been secured [rom several helds, The
sarvak formation is separated Irom Lhe
overlying Ham lhmestones by shales
DBedongimg Lo Lhe Surgah lormation m
Laarestan and a shaly vumit (equivalent Lo Lhe
Lalfan lformation} in the coastal part of the
I"ars Province. Elsewhere, limestones of the
Santonian-Campanan Ham formation
directly overlie the Sarvak formation,
making it difhenlt to establish the
hthostratigraphical boundaly,

A maor rise in sea level at the start of
Lhe late Cretaceous created the depositional
environment for the shales and marls of the
Gurpl Tormation. Deposition of s
formalion persisted untid the end ol the
Cretaceonus across much ol southwest
Iran—except for a narrow belt to the north
of Shiraz where radist-reef limestones ol the

Tabur formation were deposited.
Cenozoic

Paleocene-Eocene

The Paleocene—locene sequence comprises
shallow-water limestones and dolomates of

the Jahrim formation and deeper-waten
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marls of the Pabdeh formation. In
northeastern Lurestan, the Pabdeh
formation is partly replaced by sandstones,
siltstones and marls of the Amiran
formation, red sandstones and
conglomerates of the Kashkan formation and
limestones of the Taleh Zang formation. The
Jahrum formation in this part of Lurestan 15
replaced by the Shahbazan formation. In the
interior of Fars Province, an evaporitic
marl—the Sachun formation—replaces the
basal portion of the Jahrum formation.

Oligocene-Miocene

The Asmari lormation, which overlies the
Jabddeh and its time equivalents Lhe
Shahbazan and Jahrum lormations, consists
af shallow-water, Nigocene-Miocene
limestones, The Asmart was the first
reservolr Lo produce commercial quanlities
of il in lran, The production capacity of the
Asman formation is extremely high and
provides Lhe bulk of oil production rom
sounthwest lran, Apart from matrix porosity,
[racture permeability plays a cructal role in
Lhe high production capacity ol the Asmar,

Miocene—Pliocene

The Miocene=Pliocene sediments that
overlie the Asmart formation are divided
into three lormations: a lower evaporitic
unit (the Gachsaran lormation); a middle
marl and limestone sequence (the Mishan
[ormation }; and an apper anit of
sandstones, siltstones and marls (the Agha
Jart Tormation), The lirst indications ol
Lectonie disturbance related 1o the Zagros
Orogeny are seen al this level,

The compaosition ol the Gachsaran
formation changes ram evaporite Lo the
red marls and sandstones of the Razak
[ormation in Fars Province. The Mishan
[ormation, a prominent umt in the Dezlul
cimbayment and Fars, gradually wedges

oul towards Lurestan.

Northeast Iran

The Sarakhs areca in northeast Iran is par

of the Kopet Dagh, Hezar-Masjed basin. This
hasin contams a sedimentary sequence that is
more than 16,000-1t thick and unalfected by
major stratigraphic breaks or voleanic activaty.
The sequence extends [rom the middle
Jurassie to the lower Oligocene and consists
of thick, porous dolomutes, limestones and
sandstones—uwith reservolr potential—and
Lhiek, interbedded shaly intervals that can
[orm effective seals. Tlus sequence and Lhe
associated structures provide a lughly

favorable envirenment [or the entrapiment

of hydrocarbons. Black, organic-rich shales
in the middle and upper Jurassic exhibit

excellent source rock potential.

A major transgressive episode during the
Jurassic inundated the Sarakhs area. This
phase of rising sea level was reversed at the
end of the Jurassic, The regression that
pccurred at that time may have been linked
Lo epelrogenic movements. In the weslern
parl. of the area there are several
lagoonal-marine cycles in the sequence,
suggesting an alternation between minor
regressive and transgressive events at a local
or regional scale. Throughout the upper
Jurassic and lower Cretaceous, the eastern
part of the Sarakhs area was coastal.

The second major transgression oceurred
during the lower Cretaceous, and the
continuous sedimentary record that [ollows
this event indicates a stable marne
cnvironment during this nme. The clastic
gsecdiments of the Neyzar and Kalat
[ormation suggest that sea level fell onee
agaan during the Maastrichtian, The end
of this regressive phase is marked by
deposition ol Paleocene red beds.

["urther sea-level changes are recorded
in the muddle Paleocene (transgression) and
the lower Oligocene (regression ). In terms
ol tecltonic activity, Lthere were no major
changes in northeast Iran during tng time,
but the area was subsequently allected by

the lale Alpine orogeny.

0il and gas distribution

[ran can be divided imto three main oll-
producing areas: north, central and southwesL.,

The Sarakhs region of northeast lran
contains a thick sequence ol marine
seddiments unalfected by the volcame
activity that cause problems elsewhere,
Important accumulations in this region
imclude Khangiran and Gonbadli lelds. In
the central Iraman plateau, oil 1s found n
large surface anticlines. At Alborz and
sSerajeh lields, the reservoirs have been
created by thrust fanlting and sall tectone
movements, Khangiran held in northeas
Iran was discovered by mapping the surface
pxposures ol an antehne,

In southwest Iran, large, anticlinal
structural traps are the key to hydrocarbon
production. One of the most spectacular
examples of outerapping anticlinal structures
lies on the north shore of the Straits of
Hormuz in the Persian Gualf, These [olds
comprise the foothalls of the Zagros
Mountains, They were formed when the

Arabnan shield collided wath the western
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an continental mass between 4 and

Ud mmillion years ago. Subduction still
continues slightly further east, beneath
Baluchistan, but is inactive in the Persian

- Gull itself. The shortening expressed by the

folds is accompanied by extensive thrusting
an the easterly dipping planes. All the
Ceformation 18 geologically young: the folded
dodiments are Paleogene and Neogene.
Isewhere in southwest [ran, salt domes
pse diapirically from the Cambrian Hormuz
st horizon and pass through vounger
seduments on their way to the surface. In
the hot, arid environment of the Persian
Giull the exposed sall escapes rapid erosion.
The structures associated with salt domes
clten provide excellent traps for
wdracarbons, Many offshore structures in
e Persian Gulf produce from carbonate

couences inGJdurassic and Cretaceous units,
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including the Surmeh, Fahliyvan, Darivan
and Sarvak formations.

Most of [ran’s known gas reserves and
production are concentrated around Fars
in the southeast of the country, within the
Permo-Triassic Deh Ram group, which is
a complex carbonate—evaporite sequence.

0il and gas stratigraphy

lran’s hydrocarbon resources are found in
reservoll’ rocks ranging from the Pernuan
(about 240 million vears) to the much
yvounger Miocene rocks (around 2 million
years ), Most of the major oil reserves are
found in Oligocene-Miocene carbonate
racks of the prolilic Asmar lormation (see
Focus on the Asmart lformation, page 273,
which provides key reservoirs across much
of southwest ran (Figure 14),
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Reservoir rocks

Khangiran field produces oil from two
horizons—the upper Jurassic Mozduran
formation and the shales, sandstones and
conglomerates of the lower Cretaceous
Shurijeh lformation. The Mozduran formation
al Khangiran field is a thick carbonate unit
with minor amounts of shale. The carbonate
comprises alternating layers of dolomite and
limestone with porosity often correlated to
dolomite content. Porosity in the reservoir
interval is typically 10 to 256%, with
secondary porosity more common in the
dolomitic zones, The Shurijeh formation
consists of continental clastic rocks such as
shales, sandstones and conglomerales. Al
Khangiran field, the Shurijeh formation
contans sandstone cyeles interbedded with
thin shales and separated from other cycles

Figure 14: The
stratigraphc
distribution of Iran’s
hydrocarbon reserves

Reserves (Bbbl) 0

10,000

15,000
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by thicker shale units. Porosity in these gas
sandstones is typically less than 10%

Ln the central Iranian plateau, reservoirs
are found in the Oligocene-Miocene Qom
formation. At Alborz field, this formation is
characterized by rapid facies changes. The
three clay-free horizons vary in thickness
from 20 to 50t and are separated by marly
units. The gas reservoir al Serajeh field is
located in the QGom formation and attams a
thickness of more than 500 It

In southwest Iran, the distribution of
known ol and gas reservoirs is controlled
by structural traps and large anticlinal
structures that may be affected by faulting,
[racturing or the effects of salt moverment
(IMigure 15). The Permian 1o Trassic Deh
[tiun group (comprising the Kangan, Dalan
and FParaghan lformations) is the world's
rehest gas-bearing rock. In lran, it houses
stipergant and gant helds such as Kangan
field (Mgure 16). Onshore the gas is dry,
while ollshore—in South Pars held lor

example—its wel and plentiful, The Deh

[t group 15 aboul 3000-1t thick in the Ifars

darea and comprses lhmestone, dolomite andd

anhvdrite zones.

Kangan | irten e

llam-Sarvak

Figure 16: A simplified cross section of Kangan field showing the refationsiip between

d (egp-seated thrust and the stegp southwest funb of the anticlne
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lauits that modify the fold struclures

Frgure 15: Landsat images of lrans Persian Guif coast. These satellite inages show soeme of
the huge, mil-bearing antichings that characterze the Jagros mountain range and the majo

Source rocks

Geologieal and geochemical studies i
sotithwest Iran have revealed o preal de;
Aabout source rock characteristics and
hychrocarbon migration an the country’s |
lields. Analysis of burial listory, Tor exan
has shown that hvdrocarbon generalion
migration oceurred at the same Hime as |
mountan-ulding epsode (orogeny ) L
created the Zagros Mountains,

Source rocks have been deposited at
vanrely of stratigraplhice levels across lran
Lhe important ol-producing provinees ol
Peziul cmbayment and Luarestan, souree
rocks have been identihed i Jurassic, 1o
Cretaceous and lower Tertiary formation
The overall thickness of organmic-rch e
mecreases towards Lurestan, the result o
fectone events leading to the deposition
the thick pre-Santomian shales of the Gia
[ormation m this region. This variation
redlects o gracdual uplift of Lurestan relal
Lhe Deziul embayviment, The presence of
structurad highs and lows within the basi
nfluenced the depositional pattern obse

i the vounger Gorpr and Pabdeh format
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Hogists have Lried to identify the
source of the vast oil accumulations found
iy the Asmart formation. since the earliest
days of commercial production it has been
apparent that the Asmari 1s not self-
eourcing because 1ts hydrocarbon content
is immature. In addition, oil extracted from
the Asmari formation is the same as oil

| in deeper formations, Possible oil-
gienerating sediments for the Asmart include
| arganic-rich Cretaceous and early Tertiary
; rocks that have been burned deeply in the
structural trough to the west ol the Zagros
fold belt,

Shales found in the Cretaceous Kazhdumi
formation qare the Key source of oil in
sonithiwest Tran, This lowermost lormation
[ he Bangestan group has a rch organn

wiLent and s considered a prolific source

CHher potential sources in Lhe Crelaceous
sequence—the thermally immature Gurpl
(Campanian-Maastriehuan) and Gadvan
(Neoconuan=Aptiam) formations—Dhave less
Orgl e |r-:;-F|'I|II£lJ. The SUrgal and Garan
[ormalions contain significant organic
content, but their contribution to ol

crerabon s nol clear.

rocus on the Asmari formation

Uhe Asmart formation s the best known
reservorr i lean, It Tas bheen in production
For more than 0 vears, 1L contains many
supergmnt and giant onll helds and makes
a huge contribution (o hyvdrocarbon
production in Iran. However, 1he discovery
ol il Masgid-1 Sulayiman on May 26, 1908
L repercussions Lar bevond the Middle
Lasl, Imatiadly, geologists assumed that the
ol was being produced from the Gachsarmn
lormation, whieh overlies muach ol the
Asmar formation. But when geologists
showed That oil being produced at Masjid-i
Sulaviman was coming from a carbonate
Feservonr, Lhe discovery challenged the
nciples of ol and gas exploration at the
e Uintal then, exploratiomsts had focused
e allenbion solely on clastie sandstone
reservolrs, The acceptance of carbonates
as possible reservoirs changed exploration
ACrOss Lhe world and led 10 the discovery
of other major Middle East accumulations
Ihe carly explorationists concentrated
Lhear drilling efforts on the crests of
mhiclinal structures (Figure 17). Trial and
For revealed that the position of the
ditielines in the Gachsaran lormation did
ol comncide with the structures in the

wsiart formation that contained oil,

VA~ T oA

C:ompanies then introduced gravity and
magnetic surveying methods to locate the
key structural highs, but these were
unsuccessful. During the 1930s, surface
selsmic methods were introduced Lo
improve drilling success rates.

Most of the supergiant and giant Asmari
fields lie along the southwest flank of the
Zagros fold belt. The distribution of
productive Asmar sediments 15 controlled by
Lhe distribution of the overlying Gachsaran

VINH OSSN e R e

evaporite, which serves as a cap rock. Where
this Mioccene evaporite layer has been
removed by erosion the oil has escaped,
Many Asmarl fields are found in
asymmetric anticlines with limbs dipping
steeply to the southwest. The amplitudes
of these folded structures can be very large,
with differences of more than 19,000 ft
between the crest of one fold and the

bottom of the nearest syncline (Figure 18)

The main producing section within the

Figure 17: The Asmari formation forms the ring exposed around the northeast flank of Kul-e-Patdeh in the

Ueztul embayment. The core of the anticling is a Cretaceous limestone

Figure 18: A drilling
rqg parched on the
showlder of a qiant

Asart antichne
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Asmari formation is 1000 to 1700-ft thick. In
some fields, however, the vertical difference
between the spill point and the crest can

be more than 6500 [t. At Gachsaran leld
(Figure 19), for example, the oil column
between gas—oil and water—oil contacts 1s
around G000-ft, thick. The spill points on the
Asmart anticlines are at the southeastern
ends of these structures, This 1s the result
of a northwest regional Ll or subsidence in
Lthe area.

The Asmari formation is not all carbonate.
The Ahwaz sandstone, for example, 18 an
unportant and extensive member of the
Asmart lormation, Extending across Kuwait,
southeast Irag, the northern end ol the
Persian Gull and mto [ran, the sandstone
15 around 800-1t thick at Ahwaz lield where
it comprises nearly half of the Asmari
formation. Near Ahwaz, the Asmari lithology
15 a mixture of dolomite, limestone,
anhydrite and shales interbedded with the
Al member sandstones, The sandstones
are generally quartz rich and poorly
consolidated. Typical porosity values for the
Alvwaz sandstone are in a range [rom 22 Lo
249, substantially better than the
interbedded carbonates thal comprise Lhe
Asmart formation. In these units, porosity 1s
Lypically 12 1o 15%.

I Ahwaz held, the median sandstone
permeabilily 15 more Lhan 3 darcies, and
reaches 15 darcies in some locations.,
Carbonate tnits within the Asmari
formation can lave ngher permeabilities
where fracturing has been extensive, The
Alwaz sandstone 15 not fractured, but the
poorly consolidated nature of the clastic
seclitment means Lhal sanding can be a
problem lor held operators,

Major basins, fields and
structural features

Jurassic and Cretaceous basin
development

Many of the north=south structural trends
of the Arabian platform continue northwards
into lran. A major, upliitmg lectome event
during the upper Cretaceous caused erosion
of Cretaceous umits through most of
southern lran, except in the basinal Lrough
centered on Lurestan. In this trough, basinal
sedimentation seems 1o have continued well
mto the Tertiary,

Jurassic and Cretaceous carbonate
reservoirs are found dong lran's southern
borders. These are related (o Lhe prolific
carbonate reservolrs in counlries (o the
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Figure 19: Cross section of the prolific Gachsaran freld

south. During the late Jurassic and early
Cretaceous, a deeper basin developed that
covered the Lurestan area and extended
beyond hran's western border, This organi-
rich basin contams source rocks [or much
of the oil Tound in Jurassic and Cretaceous
reservoirs wround the Persian Gulf, The
shallow carbonate marging around Lhe edges
of the basin were marked by the
development ol a delonute reel,

Oolite shoals developed durmg the
Jurassic and Cretaceonus and are Tound
in the Persian Gualf, with bhioturbated
grainstones deposited urther to the south
and east, The seal for Lthese Surmeh
formation reservoirs is provided by the Hith
anhydrite formation—a widespread and
persistent cap rock that extends across
much of the region bevond lran,

Cretaceous reservoirs in the offshore lields
meclude oohte shoals and rudist pateh reels.
These are associated with depositional lughs
e by sall structures, such as the Sirm
fields in the east central portion of the Persian
Giull, The Middle Cretaceous sequence in the
western parl of the Persian Gull also includes
deltale and coastal sandstone reservoirs, somd
of which contain oil,

Jurassic and Cretaceous shell carbonate
deposits rom Lurestan to the Straits ol
Hormuz are part of the Khami and
Bangestan groups. These groups are
separated by a regional unconformily and
Lheir shell carbonales interfinger with
deeper-waler, basinal deposits towards
sonthwest Lurestan.

Most of lran's Cretaceous reservoirs are
fractured, but exlubit good pramary porosiy
i the packstone and grainstone units at the
top of various regressive sedimentary eyveles.
In the Sarvak formation, lor example, lacies
Irom the lugh-energy parts ol the shell have
porosities up to 20% and permeabilinies of
several hundred millidarcies. The Sarvak
formation is more than S500-1t thick, and the

Jarge-amplitude anticlinal folds that affect n
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have trapped huge volumes of oil and ga
nfortunately, the fracture systems in tl

carbonate sequences are not as well

connected as those of the Astian,

Typical structural styles in
Iranian fields

The Zagros Mountains are well known [
detachment-style folding related 1o e
imfra-Cambrian Hormuz salt, but folds o
Lhis type are confined Lo the original sal
basin boundames. As the thickness of s
the paleo-Hormuz salt basin dinunishes,
styles of structural deformation change
the Zagros [rom salt-related, detachmer
style Tolding, Lo sall swells and pillows
associated with fault-propagation-style
folding, and fault-related folding.

The Fars region of the southern Zagro
Mountaing is characterized by sall-
detachment folding with apright, concen
folding. This style of delormation varies
drastically in the Dezlul embayment in
north, as lolding 1s largely Taull related. @
Deziul stractures may or may not be link
1o salt-related folding and exhibit comei
thinning over the stractures, Thrusts in
Tertiary Gachsaran formation are often
of-sequence thrusts that ramp up fron
deeper detachments verging westward,
hangimg-wall anticlines related 1o thists
the Gachsaran lormation are not general
coincident with deeper lault-related
structures formed earlier, Growth strata
are also seen and related 1o Faull-geners
structures in the Gachsaran and deeper
detachments. Changes in structural style
and regional seals along strikes in the Za
Mountains complicate the petroleunm sys
of the Dezful embayviment, nderstanding
style of deformation and the lmits of the
Hormuz salt basin and consideration of
mtermediate detaclments help to expla
the variations m o matunty and migration
hydrocarbons i the Zagros range,



The importance of fractures

In 1920, engineers working at Masjid-1

~ Sylayman field began to measure downhole
pressure. They showed that reservoir

communication could only be explained by
the presence of fractures. The study also
pidicated that the field could be drained
vith fewer and more widely spaced wells
lan had ever been used before. Large
fracture systems provided communication
hetween the Asmari and deeper Bangestan
group (Cretaceous) reservoirs. This also
provides some explanation of the discovery
of very similar oil types in the Cretaceous
and in younger Asmari reservolrs, Where
here is good fracture commumcalion across
e 2000 to S000-1T mterval of shales and
qArls that separates the unils, vertical
iigration from the Cretaceous layer
has created or modified the Asmari
accumulations. These [racture systems still
influence hydrocarbon movements today,
Carbonate reservolr studies indicale that
racture distributions and orentations have a
ngor tluence on Held development and the
performance ol waterllooding operalions,
dthoul careful planning 1o accommodate
ractures, engineers face Lhe prospect of
carly water breakthrough (IFMegure 20).
Fracture examination is best achieved
immediately alter a well has been drilled, If
the well has intersected open ractures, the
key steps are 1o establish whether oil is
present and Lo determune fracture depth,
requency and aperture width, This
Slarmation s umportant for the design
ol well tests and completion programs,
Heservoir modeling and waterflood
projects require an understanding of the
racture distributions around the wellbore
and m the areas between wells, Interference
lests between wells can reveal Now
amsotropies caused by fractures, but i1 s
Hhcult o define the elfect of fractures
i dramage and Muid movement in
hetween-well areas far from the wellbore,
Borehole imagery (see Figure 21) is the
hest way to determine the morphology and
ortentation of fractures imtersected by the
borehole. Imaging tools can help geologists
and engineers to differentiate various
iracture types on Lhe basis of their shape
md orientation. It can also indicate il
he fractures have been affected by
nuneralization. In many carbonate fields,
partial muineralization of fractures can
preserve the porosity and permeability
Lhat would otherwise have bheen lost during

tleep burial
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Gieologists try Lo understand the probable

distrbution of ractures throughout a leld
by extrapolating from the information
gathered al ecach well. The first step lor the
seologist is Lo determine if the ractures are
related Lo folding or fanlting, Pault-related
fractures, for example, are usually
restricted to a small envelope around the
fault, but may have much larger vertical
comimumeation than the more widespread

iracture sels related Lo Jolds,

Ahwaz field—a giant
among giants

The Ahwaz reservolr has been in production
since 19549, It 1s water driven, and water
run-off from west Lo east helps Lo maintain
reservolr pressiune.

In 1991, a major, integrated reservolr
characternzation project started at Ahwaz
leld (see Figure 22). This field, one of the
largest hyvdrocarbon-bearing structures in
the world, is a large northwest-southeast-

trending anticline with a subsurface area

Injector

‘?& Figure 20: The
arientation, distribution
and extent of fractures
are wital pieces of
nfarmation for any ol
and gas reservoit. For
example, when
reServoir enginesrs

Fractures

plan a waterflood
gperation, the oplimum
positions of injector
and producer wealfs wifl
be mtluenced strongly
by fractures
Waterfloods that
ignore fracture
orientation (top) may
suffer early water
reakthrough andigave
large valumes of
bypassed ol n the
reservoir. Waterfleods
thal use he fracture
network (Dottom) can
INCrease Sweepn
efticiency and should

Fractures

delay water
breakthrough at
producers

of 80 by 10,5 km, NIOCs integrated stady ol
Lhis leld took three years Lo complete, and
wis [ollowed by three years of extended
studies on history matching and simolasion
using different development scenarios, he
study meluded held geology, peltrophysics,
and history matching and lorecasting ol
Muture performance, 1L used geostatistic:l
methods that had never belore been applied
Lo a field of this size,

eostatistics helped reservolr enginesrs
Lo evaluate the distribution of Nuids scross
Lhe reservoir and 1o creale o detailed model
of the reservolr. The characterization team
faced some daunting challenges i data
management and analysis.

Ahwaz leld has 14 active reservorr layers,
elght sandstone units and six carbonate
units. With more than 200 wells, there was
1o shortage of production and pressuee ¢lata
on which to base the model. There were
also 50 RIFT™ Repeat Formation Tester kool
logs and more than 40 TDT* Thermal Decay
Time logs 1o be examianed and integrated

mto the model
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Depletion of the main producing layer
at Ahwaz field encouraged the operators
to examme the most cost-effective way of
developing the remainder of the reservoir
(il at Ahwaz field is produced from the
Asmart sandstone layers within the reservoir,
bul some reservoir engineers have suggested
developing the lower-permeability carbonate
layers using horizontal wells.

The main units at Ahwaz field are high-
porosity and high-permeability, siliciclastic-
rieh units that serve as flow condnits, In
contrast, the carbonate-rich units, which
cxhibit lower average porosities and
permeabilities, behave as relative balfles
Lo Muid flow. The shale units aet as Muid
barriers. Maps show the large-seale
geological lramework for the lield and are
used [or calculations of original o1l in place
and recoverable reserves.

Porosity and permeability values are
extremely variable at Ahwaz, and the initial
speological model provided essential
imformation about the geameflry, contimuly
and connectivity of major Now units. It also
gave some indication of the small-scale,
heterogeneous litholacies distributions
within individual nnits, However, lithological
heterogeneily, extensive diagenesis and
Lhe seareity of well data relative 1o the
S80-Km= mapping area convineed 1he
reservoir characterization leam that o
peostatistical model was needed to provide
reliable hithofacies distribution data for
areas between Lhe wells,

Traditional geological models were
developed from the stractural interprelalion
ol sewsime data, detnled sedimentological
core studies and petraphysical analysis of
Loz wells, Litholacies distribniions woere
determined along cach wellbore nsimg
petrophysically derived mineral
concentrations, Each reservoir nnil with
A distinet depositional [acies was analyzed
USING proporuon curves and variograms 1o
quantity the relative frequency and spatial
contimnty of each litholacies m the unit.,

The result was a combined prid- and
object-based geostatistical model that.,
when simulated, provided a detailed 1three
dumensional lithofacies distribution within
Lthe entire reservoir consistent with traditional
gealogical models. The model honored the
large-scale deterministic unit maps and the
vertical ithology distributions i all of the
weells, This detalled geological descrption
was then used as a basis for the full Lield

How sunulation and production predictions
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Figure 21: This FMI plot shows how much information on fractures can be derived from

modern borehole imaging methods

New discoveries and
current exploration

lSxploration is a key part ol lran's current oil
and gas strategy, and work is in progress 1o
extend the country's reserves, The polential
for new hydrocarbon reserves in lran is
mmense, Many large surface anticlines
Lhe Zagros [old belt and elsewhere m Iran
have yvel 1o be lested. Several hydrocarbon
prospects identified in the 1970s as showing
excellent potential are currently undergoing
ull evaluation.

Many structures that have previously
Deen tested and then plugged would now be
CCONOHIe 1o produce today alihzngg modermn
lechnology. These structures offer o large
mverttory of low-nsk explotation [IrOjecls

Liomplex stractures and difficudr data areas

Oller potential for undiscovered reserves
tmodern S0 selsmie acquisition techniaues

The existing Helds in lran are strocting
Lraps that have often been tested by shal
stratigraplue wells, providing sigmificant
deeper pool exploration prospects. Ther
are no stratigraphie traps currently defin
mn lran,

Modern analytical stractural and
stratigraphic techniques (sequendce
stratigraphy and balanced stroctural
sections) are currently used in lran, Ther
15 significant polential in footwall,
subthrust-stvle traps (onshore) and salf
Hank traps (offshore)

ecent discoveries of multibillion-bair
helds i Iran by NIOC have reinforeed th
luture potential lor Mmant discoveres.

Petroleum systems composed of multiple
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crvolrs (clastic and carbonate), sources
41« seals are presenl in the Tertiary,
Criotaceous, Jurassic and Paleozoic. Many
ol these petroleum systems are the same
i 45 the Gulf States and neighboring
’ conntries. but the lower Cretaceous,
| lhrassie and Paleozoie systems of [ran have
i 1 1o be exploited.
! 'lie Caspian Sea—a new frontier
" lune 19498, His Excellency All Majedi,
s Deputy Cil Mimister for Caspilan Sea
(3] and Gas Allairs, invited several
Hlernational oil companies to submit
proposals for an exploration program in the
(aspian Sea, From the proposals submitted
ool evaduated, the Khazar Exploration and
Mrocduetion Company (KIEPCO), a Casplan
Fiate of NIOC, awarded the exploration
ontract Lo the Royal Dutch/Shell Groap
i Lasmo i December 19498, KEPCO s
—
Lhe aperaling company and controls the
exploration progranm on behall of NIOC
'he initial exploration phase includes the
cisilion, processig and interpretation ol

Al Jeast TO GO0 K ol 2D seasimie data, the
cosition of seabed cores, and gealogmical
widelimg ol the southern portion of the

Casplan basin. The study area, approximately

| 50,000 k=, compmises deep and relatively

unexplored witers, The il seisnue phase

1.000000 0.131250 0.250000 0.350000

aims to identify potential plays and prospects
prior to the identification and delineation of
exploration blocks

Gas—the environmental choice

In the future, Iran’s gas will play a major and
mereasmg role m meeting regional and global
energy demands. lran’s largest nonassociated
Jas accumulation 1s South Pars field. First
ientified m 1988 and originally appraised al
3.6 Tm?, recent studies have shown that the
feld contains an estimated 6.8 Tm (much of
which will be recoverable) and at least -3 Bhbl
ol condensate, lran's other major
notassoclated gas reserves nmclhude the
offshore, 1.3-Tm® North Pars held, the
onshore Nar-Kangan fields, the 0.37-Tm?
Aghar andd Dalan lields i Fars provinee, and
the sarkhoun and Mand helds.

As reglonal and global consumers use gas
Lo meel more ol thenr energy requirements,
Lhere will be significant changes m the way
s elds are developed. There will he a
new emphasis on the effective use of gas

resources. In lran, the move towards

2as power lor domestic Onstinpbon

i ancdustry, domestic heating an
Lransportation systems 15 well nnder way,
underhinng the country’s commnutinent 1o
Lhe elDerent explottation ol s natural

Fesources and environmaental responsibility,
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OOIP: 1416 MMSTB

Maobile oil; 453 MMSTB-—water
Mobile oil: 572 MMSTB—qas
COP: 10 MMSTB

Recovery; 0.7% wrt 00IP
Recovery: 2.2% wrt water
Hecovery: 1.7% wrl gas

Figure 22: An example
af the water, ol anit
(as saluraiion maps
that resulted frm thi
iriteqrated resemnvolr
charactenzation study
It & (Momiic reservoi

af the Ahwaz fhald
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