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The cen tral Iran Ba sin is a re gion with unique en vi ron men tal char ac ter is tics in which the Late Paleogene–Early Neo gene
ben thic foraminifera dis play dis tinc tive dis tri bu tions and abun dances that can as sist in iden ti fy ing the in ter vals with the best
res er voir po ten tial. Lipidocyclinid and miogypsinid zonal marker taxa in this re gion can be cor re lated with those in the SBZ23
re gion (Eu ro pean Ba sin), in di cat ing an Oligocene (Chattian) age. With sed i men ta tion of con ti nen tal strata of the Up per Red
For ma tion fol low ing the ma rine suc ces sion of the Qom For ma tion, it seems that the last Tethyan ma rine trans gres sion in the
Ardestan re gion in cen tral Iran oc curred in the Oligocene, and the Tethyan sea way was per ma nently closed dur ing the Mio -
cene. Seven car bon ate microfacies and marl or silty marl fa cies were iden ti fied in the study area based on field in ves ti ga -
tions, tex tural anal y sis and fau nal as sem blages. These microfacies were de pos ited on an open-shelf car bon ate plat form in
la goonal, patch-reef, and open-ma rine belts that ef fec tively de fine both in ner and mid dle-shelf en vi ron ments. Micritization,
ce men ta tion, me chan i cal and chem i cal com pac tion, dis so lu tion and frac tur ing are the most im por tant diagenetic pro cesses
con trol ling res er voir qual ity in the Qom For ma tion. The in ves ti ga tion of these pro cesses in the fa cies of the Qom for ma tion in
the Kharzan sec tion re vealed that in ter vals as so ci ated with shal low la goonal depositional en vi ron ments dis play better res er -
voir qual ity than other for ma tion in ter vals, due to dis so lu tion and frac tur ing.
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INTRODUCTION

The Qom For ma tion is one of cen tral Iran‘s most im por tant
lithostratigraphic units be cause of its com mer cial pro duc tiv ity as a
gas and oil res er voir. It re quires de tailed study due to its vari able
lithostratigraphic, biostratigraphic, and microfacies char ac ter is tics,
as well as its ex ten sive de vel op ment in the Sanandaj-Sirjan,
Urumieh–Dokhtar Mag matic Arc, and cen tral Iran zones (Fig. 1A).
The Qom For ma tion con tains sub stan tial hy dro car bon re sources,
mak ing it the pri mary oil and gas ex plo ra tion tar get in cen tral Iran.
Fur ther more, the Qom For ma tion rep re sents a cru cial con nec tive
link be tween the east ern Tethys (the proto-In dian Ocean) and the
west ern Tethys (the proto-Med i ter ra nean Sea) re gions.

The Oligocene–Miocene Qom For ma tion in cludes marl,
lime stone, gyp sum and siliciclastic rocks.

Most micropalaeontological stud ies on this for ma tion are
based on plank tonic and ben thic foraminifera. In the past
twenty years, many such stud ies have fo cused on the Qom
For ma tion; some of the most rel e vant of these stud ies are
shown in Ta ble 1.

Most of these micropalaeontological stud ies have con sid -
ered the Mio cene (Aquitanian–Burdigalian) de pos its of the
Qom For ma tion in de tail; how ever, a de tailed anal y sis of the
Oligocene de pos its of this for ma tion has been lacking.

This study eval u ates a new strati graphic sec tion in cen tral
Iran fo cus ing on Oligocene foraminifera. It has three main ob -
jec tives: (1) de tail ing the biostratigraphy of the Qom For ma tion
based on the dis tri bu tion of large ben thic foraminifera (LBF); (2) 
es tab lish ing the depositional set tings of the Qom For ma tion in
the Kharzan sec tion us ing microfacies anal y sis; and, (3) in ves -
ti gat ing the diagenetic pro cesses af fect ing the Qom For ma tion
in the Kharzan Moun tain re gion and its ef fect on res er voir qual -
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Fig. 1A – sim pli fied geo log i cal map of Iran show ing the main tec tonic sub di vi sions and the lo ca tion of the study sec tion (mod i fied
af ter Agard et al., 2011); CEIM – Cen tral East Iran Microplate, MZT – Main Zagros Thrust, SSZ – Sanandaj-Sirjan Zone, UDMA –
Uromia Dokhtar Mag matic Arc, ZFTB – Zagros-Fold-Thrust Belt; geo graph ical lo ca tion of the sec tion stud ied and ad ja cent sec -
tions; B – geo graphic map lo cat ing the sec tion stud ied (mod i fied af ter Iran view, 2020); C – geo log i cal map of the Kharzan area
(mod i fied af ter Radfar and Amini, 1999)
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Au thor Sec tion Lo ca tion Age Fos sils used for
biostratigraphy Geo graph ical coordinates

Seyrafian and
Torabi (2005) –

South ern of Cen -
tral Iran (North of

Nain)

late Oligocene
(Chattian)–early Mio -
cene? (Aquitanian?)

Ben thic
Foraminifera

33° 04’ 21" N

53° l0’ 20" E

Daneshian and
Dana (2007) Deh Namak Cen tral Iran (East

of Garmsar)

Early Mio cene
(Aquitanian to Early

Burdigalian)

Ben thic
Foraminifera

35° 18’ 21"  to 35° 30’31" N

52° 43’17" to 52° 43’23" E

Khaksar and
Moghaddam (2007) – Cen tral Iran

(South of Teh ran) Oligocene Echinoderms –

Hadavi et al. (2010) Kamar-Kuh North Cen tral Iran Mio cene
(Burdigalian–Serravalian) Nannofossils –

Behforouzi and 
Sa fari (2011) Chenar area

Cen tral Iran
(north west ern

Kashan)
Oligocene Large Ben thic

Foraminifera
34° 05’  N

51° 09’ E

Seddighi et al.
(2012) –

Cen tral Iran
(27 km to Qom

City)

Oligocene-Mio cene
(Chattian–Aquitanian)

Large Ben thic
Foraminifera

34?25´51.1½ N 51°07´114.8½
E

Amirshahkarami
and Karavan (2015) Kahak Urumieh-Dokhtar

mag matic arc

Oligocene
(Rupelian–Chattian)–

Mio cene
(Aquitanian–Burdigalian)

Ben thic
Foraminifera –

Nouradini et al.
(2015) Bagh

Cen tral Iran
(North east ern

Isfahan)

early Mio cene
(Aquitanian)

Plank tonic
Foraminifera and 

Ben thic
Foraminifera

32?57´61½ N 

52?01´95½ E

Daneshian and
Ghanbari (2017)

Sad-e-Mosh -
ampa,  Sheikh

Jaber

North west of Cen -
tral Iran (Zanjan

area)

Mio cene (Burdigalian–
Langhian)

Plank tonic
Foraminifera –

Mohammadi et al.
(2019) Barzok 

Cen tral Iran
(South wester

Kashan)
Oligocene (Rupelian) Ben thic

Foraminifera
33°51’31’’ N 

51°9’14’’ E

Daneshian and
Dana (2019)

11 strati graphic
sec tions

North and North -
west Cen tral Iran

Mio cene
(Aquitanian-Burdigalian)

Ben thic
Foraminifera

1 – Atari: 35?43´31½ N,
53°38´03½ E

2 – Aftar: 35?17´42½ N,
53°43´00½ E

3 – Deh Namak:
35?21´18½ N, 52°17´35.21½ E

4 – Ghasr-e-Bahram:
34°45´02½ N, 52°06´08½ E

5 – South east Niasar:
33?56´00½ N, 51°11´00½ E

6 – Sorkh Deh: 34?28´07½ N, 
50°15´57½ E

7 – Barieh: 35?23´01½ N,
49°50´02½ E

8 – Meserghan: 35?19´03½ N, 
49°45´40½ E

9 – Ghareh Gurghan:
35?49´00½ N, 49°19´00½ E

10 – Naghash: 35?39´42½ N,
49°16´50½ E

11 – Kohlou: 35?00´00½ N,
48°46´04½ E

Parandavar and
Hadavi (2019)

Shurab (south of
Qom) Navab

Anticline (South -
east of Kashan)

Cen tral Iran
(South east the of
Kashan, South of

the Garmsar)

Oligocene-Mio cene Nannofossils
1 – Shurab: 34°25’N, 51°08’E

2 – Navab: 33°51’N, 51°38’E

Mohammadi (2022)

10 out crop sec -
tions

(Gonarestan,
Tavakolabad,

Bozdan, Bujan,
Abadeh,

Ghohroud,
Varkan, Jazeh,

Vidoja,
Khurabad)

–
Oligocene–early Mio cene 

(Rupelian–early
Burdigalian)

Large Ben thic
Foraminifera –

T a  b l e  1

Some of the most im por tant stud ies done on the Qom For ma tion in Iran and their re sults
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ity. This work com bines biostratigraphy, lithofacies and
diagenesis to as sist in iden ti fy ing the most pro spec tive res er -
voir se quences in the Qom Formation of the Kharzan section.

GEOLOGICAL SETTING

The Qom ba sin is lo cated within the Ira nian plate on the
south east ern mar gin of the Paratethys Sea. Its po si tion and li -
thol ogy are highly sig nif i cant for un der stand ing the palaeo ge -
ogra phy, and re con struct ing the dis tri bu tion, of the Paratethys
Sea from the Med i ter ra nean Sea to the Indo-Pa cific re gion dur -
ing the late Oligocene to early Mio cene in ter val (Stocklin and
Setudehina, 1991; Khaksar and Moghaddam, 2007;
Daneshian and Dana, 2007; Reuter et al., 2009; Mohammadi et 
al., 2011; Yazdi-Moghadam et al., 2011). The early Paleogene
Tethys Ocean was broad and served as an ex ten sive con nec -
tion be tween large oceans to the east (Pa cific) and west (At lan -
tic). The col li sion of the At lan tic and Pa cific plates and sub se -
quent subduction be tween the Af ri can and Ara bian plates oc -
curred dur ing the late Eocene to early Oligocene ep ochs
(Schuster and Wielandt, 1999). These events led to the dis ap -
pear ance of the Tethys Ocean via a tran si tional state as a nar -
row sea way. Not only did these events iso late much of the
North ern At lan tic Ocean from the Pa cific Ocean, but they also
ul ti mately played a role in the for ma tion of the In dian Ocean and 
the Med i ter ra nean Sea. The palaeo ge ogra phy of cen tral Iran
un der went sub stan tial change as a con se quence of these
events. Ini tially, a vol ca nic is land arc de vel oped sep a rat ing a
fore-arc re gion from a back-arc depositional area dur ing the
Eocene. This was fol lowed by the ma rine de po si tion of the Qom 
For ma tion from the Oligocene and through out the early Mio -
cene. The for ma tion ex hib its dis tinc tive deposi tional en vi ron -
ments re lated to the Esfahan–Sirjan fore-arc re gion and the
Qom back-arc re gion (Schuster and Wielandt, 1999; Fig. 2).

MATERIAL AND METHODS

The strati graphic sec tion stud ied is lo cated in the north-west 
of Ardestan (south-east of Natanz, East of Milajerd vil lage,
Kharzan Moun tain) in cen tral Iran (Fig. 1A). The co or di nates of
the sec tion base are 33°24’36"N and 52°05’57"E, and the top
are 33?24´50.9½ N and 52?06´48.3½E. Ac cess to the study area
is pos si ble from the Qom–Kashan high way and
Kashan–Ardestan main road to Kharzan Moun tain. The Qom
For ma tion suc ces sion in this area com prises 422 metres of
lime stone, ar gil la ceous lime stone, marl, and silty marl. These
strata are over lain partly by the Lower Red For ma tion and partly 
by the Up per Red For ma tion with a disconformity (Figs. 1B, C
and 3).

A to tal of 261 rock sam ples, taken ev ery 1 to 2 metres, were
sys tem at i cally col lected from the Qom For ma tion suc ces sion in
the Kharzan sec tion for de tailed biostratigraphic and fa cies
anal y sis.

One thin sec tion from each lithified rock sam ple was pre -
pared and stud ied un der the po lar iz ing mi cro scope to iden tify
the ben thic foraminifera as sem blage pres ent and also to an a -
lyze the sed i men tary fa cies and diagenetic pro cesses af fect ing
each sam ple.

Fa cies de scrip tions were de ter mined based on field in ves ti -
ga tions and the mi cro scopic anal y sis of the thin sec tions. The
clas si fi ca tion schemes of Dun ham (1962) and Embry and
Klovan (1971) were ap plied to de scribe the car bon ate rocks.
Depositional tex ture, grain size, the com po si tion of grains and
fos sil con tent were all taken into ac count for microfacies in ter -
pre ta tion. The Qom For ma tion fa cies at the Kharzan lo ca tion
stud ied were clas si fied based on Flügel’s (2010) stan dard fa -
cies types. All the sam ples and thin sec tions eval u ated are de -
pos ited in the Ex plo ra tion Di rec tor ate Na tional Ira nian Oil Com -
pany (NIOCEXP) col lec tion in Teh ran, Iran.
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Fig. 2. The Tethyan Sea way and ad ja cent re gions in the late Oligocene (mod i fied from Harzhauser and Piller, 2007)
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REGIONAL KNOWLEDGE AND CONTEXT OF
OLIGO-MIOCENE BIOZONES

The pre vi ously es tab lished biozones for the Oligo-Mio cene
age range in Iran, es pe cially those re lat ing to the late
Oligocene–early Mio cene, are clas si fied into three main
groups:

1. Based on one or two strati graphic sec tions (e.g.,
Nayebi, 1995);

2. Pro posed based on a large num ber of strati graphic sec -
tions (e.g., Wynd, 1965; Ad ams and Bour geois, 1967;
Rahaghi, 1980; Deighton, 1985; Baghbani et al., 1996;
Laursen et al., 2009; Mohammadi, 2022);

3. Based on plank tonic foraminifera (e.g., Daneshian et
al., 2017; Daneshian and Ghanbari, 2017).

Among the stud ies men tioned, the biozonation pro posed by 
Wynd (1965), Ad ams and Bour geois (1967) and Laursen et al.
(2009) re lates to the Zagros Moun tains re gion. On the other
hand, the biozones pro posed by Baghbani et al. (1996) and
Mohammadi (2022) re late to the cen tral Iran re gion, and the
Deighton (1985) biozonation re lates to the Makran zone. To
date, no for mal biozonation has been pro posed for the Qom
For ma tion in cen tral Iran. Cen tral Iran and the Zagros ba sin
were geo graph i cally close dur ing the Oligocene–Mio cene
(Bozorgnia, 1966), with con nec tion ini ti ated in the early Mio -
cene (Aquitanian pe riod; Ad ams and Bour geois, 1967). More -
over, geo chron ol ogi cal and fau nal sim i lar i ties ex ist be tween the 
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Fig. 3A – con tact be tween the Lower Red and Qom for ma tions at out crop; B – disconformity be tween the Qom and Up per Red
for ma tions in the Kharzan out crop sec tion (look ing to wards the south)
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Asmari and Qom for ma tions. These two fac tors make it re al is tic 
to ap ply the biozonations pro posed for the Zagros Ba sin by
Wynd (1965) and Ad ams and Bour geois (1967) to the Qom
For ma tion.

Num mu lites and lepidocyclinid in dex spe cies are com mon
in the Oligocene Qom For ma tion and its equiv a lent in the
Zagros Ba sin, the Asmari For ma tion, and have been used for
biozonation (Mohammadi and Ameri, 2015). In a few sec tions,
Num mu lites spe cies have been found alone in Rupelian, or
lower Rupelian, strata whereas lepidocyclinids alone have been 
found in Chattian strata or Aquitanian for ma tions (e.g.,
Bozorgnia and Kalantari, 1965; Kalantari, 1976; Amirshahka -
rami et al., 2007; Ehrenberg et al., 2007; Laursen et al., 2009;
Amirshahkarami et al., 2010; Van Buchem et al., 2010;
Yazdi-Moghadam, 2011; Mohammadi et al., 2013, 2015;
Karavan et al., 2014; Mohammadi and Ameri, 2015; Taheri et
al., 2017; Yazdi-Moghadam et al., 2018; Basso et al., 2019;
Akbar-Baskalayeh et al., 2020; Allahkarampour Dill et al., 2018; 
Mohammadi, 2022). In Iran, Biozone No.57, the Num mu lites
intermedius-Num mu lites vascus as sem blage zone, was first
pro posed as an in dex for the Oligocene by Wynd (1965), who
de scribed the prop er ties and biostratigraphic fea tures of
Oligocene–Mio cene strata in the Asmari For ma tion in the
south-west of Iran. Spe cif i cally, Wynd (1965) in tro duced 7 as -
sem blage biozones: num bers 56, 57, 58, 59, 60, 61 and 62.
These are: 56 –  the Lepidocyclina–Operculina–Ditrupa as sem -
blage zone; age: Oligocene–Miocene; 57 – the Num mu lites
intermedius–Num mu lites vascus as sem blage zone; age:
Oligocene; 58 – the Archaias operculiniformis zone; age:
Oligocene; 59 – the Austrotrillina howchini–Peneroplis evolutus
as sem blage zone; age: Mio cene; 60 – the Austrotrillina
howchini–Peneroplis evolutus as sem blage zone; age: Mio -
cene; and 61, 62 – the Borelis melo curdica as sem blage zone;
age: Mio cene.

The Num mu lites–Eulepidina–Nephrolepidina As sem blage
Zone was also at trib uted to the Oligocene by Ad ams and Bour -
geois (1967). These clas si cal stud ies, al though con ducted on
the Asmari For ma tion in the Zagros Moun tains, are con sid ered
valid for the biozonation of the Qom For ma tion in cen tral Iran.
How ever, the Oligocene stages (Rupelian and Chattian) were
not dis tin guished in ei ther of those stud ies.

Pre vi ously in Iraq, larger ben thic foraminifera (LBFs) have
been used to es tab lish the biozonation of the nine for ma tions
that make up the Kirkuk group by Bellen et al. (1959). In that
study,  the Num mu lites group alone was at trib uted to the early
Rupelian, the con com i tant pres ence of Num mu lites to gether
with Lepidocyclina or Lepidocyclina alone was at trib uted to the
mid dle Rupelian, and Lepidocyclina with Miogypsinoides or
Miogypsinoides alone was at trib uted to the late Rupelian.
More over, Sartorio and Venturini (1988) con sid ered the last oc -
cur rence of Num mu lites to mark the early Oligocene and the
oc cur rence of Meandropsina, Archaias, Austrotrillina,
Lepidocyclina and Miogypsinoides as the marker as sem blage
for the late Oligocene.

Shal low-wa ter de pos its of the Up per Paleocene–Lower
Mio cene in the North of Oman were stud ied by Racey (1994),
who as signed the oc cur rence of Num mu lites with Eulepidina
and Nephrolepidina to the Chattian Stage, while Num mu lites
with out these two gen era to rep re sent the Rupelian Stage.
Also, Jones et al. (1994) as signed the oc cur rence of Num mu -
lites with out Eulepidina to the Rupelian and Num mu lites to -
gether with Eulepidina to the late Rupelian–early Chattian.

Serra-Kiel et al. (1998) es tab lished twenty-six shal low ben -
thic foraminiferal biozones (SBZs) in the Ce no zoic Tethyan
shal low ba sin based on dif fer ent groups of LBFs. Twenty lower
biozones (cov er ing the Cre ta ceous/Paleogene and
Eocene/Oligocene bound aries) and six up per biozones
(Oligocene to Mio cene/Plio cene bound ary) were char ac ter ized
by Cahuzac and Poi gnant (1997). Their biozonation was based
on the ben thic fau nal suc ces sion of the south ern Eu ro pean
shal low bas ins, es pe cially those of the Aquitaine re gion in
France. They used the co-ex is tence of both Num mu lites fichteli
and Num mu lites vascus to rep re sent the early Rupelian
(= SB21), and Eulepidina formosoides alone to rep re sent the
late Rupelian (= SB22A). Also, they sug gested that the pres -
ence of Num mu lites vascus and Num mu lites fichteli to gether
with Eulepidina rep re sented the early Chattian (= SB22B), and
the co ex is tence of Eulepidina and Miogypsinoides rep re sented
the late Chattian (= SB23).

Based on stron tium iso tope data from three subsurface sec -
tions (Bibi Hakimeh, Marun, and Ahvaz) and one sec tion at out -
crop (Khaviz) in south-west Iran, Ehrenberg et al. (2007) con -
sid ered the last oc cur rence of the Num mu lites to have oc curred
one mil lion years ear lier than the Rupelian/Chattian bound ary.
They also iden ti fied Spiroclypeous blanckenhorni in the
Chattian in ter val in Marun, Ahvaz and Khaviz sec tions, a re sult
that agrees with the find ings of Cahuzac and Poi gnant (1997).
Ehrenberg et al. (2007), con firmed the Chattian age for
Archaias pro posed by Ad ams et al. (1983) across the Mid dle
East. Ad di tion ally, Ad ams et al. (1983) con sid ered the first oc -
cur rence of Miogypsina as an early Mio cene in dex, whereas
Ehrenberg et al. (2007) as signed this ge nus to the up per most
parts of the Chattian. More over, they con sid ered Borelis melo
curdica as a valid in dex taxon for the Burdigalian Stage.

Van Buchem et al. (2010), us ing biostratigraphic anal y sis
and stron tium iso tope stud ies on the Oligocene–Mio cene suc -
ces sions (Pabdeh and Asmari for ma tions) of south west ern
Iran, char ac ter ized three as sem blage zones in the shal low de -
pos its of the Asmari For ma tion. In as cend ing or der, they are As -
sem blage A (with a high abun dance of Num mu lites in dic a tive of 
the low er most parts of the Oligocene), As sem blage B (with
dom i nant oc cur rences of Num mu lites and Eulepidina in dic a tive
of the Rupelian), and As sem blage C (with the dom i nant oc cur -
rence of Eulepidina with out the Num mu lites in dic a tive of the
Chattian).

RESULTS

The Qom For ma tion, which has a thick ness of 422 metres,
is sit u ated above the Lower Red For ma tion. Af ter an a lyz ing 261 
sed i men tary rock sam ples col lected from the Kharzan sec tion,
49 gen era and 59 spe cies of ben thic foraminifera were iden ti -
fied in this study. Geo graph ical prox im ity ex isted be tween cen -
tral Iran and the Zagros ba sin dur ing the Oligocene-Mio cene
and the Asmari and Qom for ma tions are of sim i lar age and
share fau nal sim i lar i ties. These two fac tors make it re al is tic to
ap ply the biozonations pro posed for the Zagros Ba sin by Wynd
(1965) and Ad ams and Bour geois (1967) to the Qom For ma -
tion. Wynd (1965) es tab lished an early frame work for
biostratigraphic cri te ria re lat ing to the Asmari For ma tion. Sub -
se quently, Ad ams and Bour geois (1967) re viewed and im -
proved this frame work, but the Rupelian and Chattian re mained 
un dif fer en ti ated. The larger ben thic foraminiferal fauna rec og -
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nized in this sec tion al lowed the au thors to com pare the as sem -
blage stud ied with co eval as sem blages in the Mid dle East and
Eu rope. There fore, com par i sons of the ben thic foraminifera in
the Kharzan sec tion with biozonations such as those of Bellen
et al. (1959), Sartorio and Venturini (1988), Racey (1994),
Jones et al. (1994), Serra-Kiel et al. (1998), Cahuzac and Poi -
gnant (1997), Ehrenberg et al. (2007) and Van Buchem et al.
(2010), sug gest that the age of the Qom For ma tion in the stud -
ied area is Chattian. Also, ac cord ing to the dis tri bu tion chart,
most of the larger foraminiferal taxa as sem blages from the
Kharzan sec tion, cou pled with the pres ence of Miogypsinoides
spp., and the as so ci a tion with lepidocyclinids, cor re spond to as -
sem blages al ready de scribed from Eu rope. There fore, the Eu -
ro pean stan dard shal low ben thic zonation can be ex tended to
the Kharzan sec tion in Iran, in di cat ing that the Qom For ma tion
shows a good cor re la tion with SBZ23, which de ter mines its age
to be late Oligocene (Chattian). Based on fos sil as sem blages,
li thol ogy, sed i men tary char ac ter is tics and the tex tures of the
out crop sam ples from the Kharzan sec tion, seven dif fer ent car -
bon ate microfacies types have been rec og nized through out the
Qom For ma tion. These are silty mudstone, im per fo rate fora -
miniferal wackestone-packstone, im per fo rate foraminiferal
pack stone-grainstone, red al gal-foraminiferal packstone-grain -
stone, coral boundstone, coralline red al gal-coral pack -
stone-rudstone, per fo rate foraminiferal wackestone-pack sto ne, 
and marl or silty marl fa cies. In the sec tion an a lyzed, the tex -
ture, fos sil as sem blage and rel a tive strati graphic po si tions of
the microfacies of the Qom For ma tion show the char ac ters of
an open shelf car bon ate plat form, sub di vided into la goonal,
patch-reef, and open-ma rine belts. A mar ginal-reef en vi ron -
ment was not ob served. Based on the dis tri bu tion of the
foraminifera and ver ti cal fa cies re la tion ships, two ma jor
depositional en vi ron ments were iden ti fied in the late Oligocene
suc ces sion in the study sec tion. These are in ner shelf and mid -
dle open shelf en vi ron ments. The fa cies as so ci a tion in the mid -
dle shelf strata mainly com prises flat, thin-walled, large tests of
lepidocyclinid and nummulitid, and me dium to small ro bust,
ovate hyaline, foraminifera and frag mented bioclasts. To wards
the prox i mal mid-shelf, the pres ence of ro bust, ovate, and
lens-shaped, per fo rate foraminifera in creases. The abun dance
of larger foraminifera such as Neorotalia and Amphistegina to -
gether with corallinaceans in di cate a shal low, open-ma rine en -
vi ron ment near and be low the fair-wave base on the prox i mal
mid-shelf (Geel, 2000; Pomar, 2001a, b; Brandano and Corda,
2002; Cosovic et al., 2004). The as so ci a tion is dom i nated by ro -
bust and ovate tests of per fo rate foraminifera, which re flect
shal lower wa ter con di tions than those con tain ing larger and flat
per fo rate foraminifera (Beavington-Penney and Racey, 2004;
Barattolo et al., 2007). This di verse fau nal as sem blage sug -
gests that de po si tion took place in a ma rine en vi ron ment of nor -
mal sa lin ity. The in ner shelf mainly con sists of Neorotalia and
corallinacean de bris, mainly in the form of per fo rate and im per -
fo rate foraminifera and bioclasts. Hyaline per fo rated
foraminifera be long to small ro bust and ovate tests of rotalids
and amphisteginids, whereas the im per fo rate foraminifera with
porcellaneous walls are mainly rep re sented by miliolids, Pene -
roplis and Borelis. The con tem po ra ne ous ex is tence of nor mal
ma rine per fo rate foraminifera and plat form in te rior im per fo rate
foraminifera re flect the ab sence of an ef fec tive bar rier be tween
the in ner and mid-shelf (Geel, 2000; Romero et al., 2002). The
co-oc cur rence of these groups in di cates that de po si tion took
place in an open ma rine la goon (Nebelsick et al., 2001; Rasser
and Nebelsick, 2003). The main con stit u ents of the prox i mal in -
ner shelf are im per fo rate foraminifera, which tend to be as so ci -
ated with very shal low, of ten re stricted ma rine car bon ate fa cies

(Bassi et al., 2007). The abun dance of foraminifera with
non-per fo rate walls and the com plete ab sence of nor mal ma -
rine biota in di cates that de po si tion took place in a re stricted
shelf la goon (Hallock and Glenn, 1986; Geel, 2000; Romero et
al., 2002). The lime mud of Mf2 is in ter preted as the shal low est
part of the in ner shelf en vi ron ment de pos ited in pro tected con -
di tions (Murray, 2006). The Qom For ma tion is the main ob jec -
tive of oil and gas ex plo ra tion in cen tral Iran. For this rea son, it is 
very im por tant to in ves ti gate the prop er ties of the res er voir and
the pro cesses that cause its qual ity to change. The study of the
car bon ate strata of the Qom For ma tion has re vealed that
diagenetic pro cesses in part de graded (due to ce men ta tion and 
com pac tion), and in part im proved (due to dis so lu tion and frac -
tur ing) its res er voir qual ity. Ev i dence of diagenesis is wide -
spread through out the for ma tion in the study area. In gen eral,
zones as so ci ated with shal low la goonal fa cies dis play better
res er voir qual ity than other fa cies due to the greater in flu ence
and pres er va tion of dis so lu tion zones and frac tures.

DISCUSSION

FORAMINIFERA ASSEMBLAGES PRESENT
 IN THE KHARZAN SECTION

Anal y sis of the Qom For ma tion’s ben thic foraminiferal con -
tent led to the iden ti fi ca tion of 49 gen era and 59 spe cies in the
Kharzan sec tion stud ied. These are listed in Ap pen dix 1. Plank -
tonic foraminifera are ab sent from the sec tion stud ied. Con se -
quently, age dat ing and biostratigraphic cor re la tions were es -
tab lished based on the LBF as sem blages ob served.

To date, no oc cur rence of Miogypsinidae taxa has been re -
ported from the Rupelian and older strata of Iran.
Miogypsinoides spp. was found 82 metres above the base of
the Kharzan sec tion. There it co ex ists with the ob served oc cur -
rence of an as sem blage of foraminifera con sist ing of Amphi -
stegina spp., Asterigerina rotula, Austrotrillina asmariensis, A.
paucialveolata, A. striata, Borelis haueri, B. merici, B. pygmaea, 
Brizalina spp., Bullalveolina spp., Carpenteria spp., Dendritina
rangi, Eulepidina sp., E. dilatata, Haddonia spp., Halkyardia
max ima, H. spp., Heterostegina spp., Idalina spp., Lenticulina
spp., Massilina spp., Miogypsinoides spp., Neoro talia vienotti,
Nephrolepidina spp., Operculina complanata, Peneroplis
evolutus, P. thomasi, Praerhapydionina sp., Pseudolituonella
reichelli, Risananeiza pustulosa, Schlumbergerina spp.,
Spirolina sp., Sphaerogypsina globulus, Triloculina tricarinata,
T. trigonula and Valvulina sp.1. That as sem blage sug gests a
Chattian age for that zone in the Kharzan sec tion. That age is
con sis tent with the find ings of Van Buchem et al. (2010), who
con sid ered the pre dom i nance of lepidocyclinids with out Num -
mu lites to rep re sent the Chattian. It is also com pat i ble with the
biozonation of Cahuzac and Poi gnant (1997), which as signed
the si mul ta neous pres ence of Eulepidina and Miogypsinoides
to the late Chattian. The age range span ning the Qom For ma -
tion in the Kharzan sec tion is there fore equiv a lent to biozone
SB23 of Cahuzac and Poi gnant (1997).

Ap pen dix 1 pro vides a com par i son of the foraminiferal as -
sem blage ob served in the Kharzan sec tion com bined with the
ad ja cent Ira nian sec tions of Oligocene age. Some of the gen era
and spe cies re ported from the Kharzan sec tion are unique to that 
sec tion and iden ti fied for the first time by this study. The taxa
Risananeiza pustulosa and Borelis merici have been re ported for 
the first time from the de pos its of the Qom For ma tion in the
Kharzan sec tion. Also, Miogypsinoides spp., the zone marker of
the Chattian age range, is ob served only in this sec tion.
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A dis tri bu tion chart dis play ing the foraminiferal as sem -
blages from the Kharzan sec tion is shown in Fig ure 4. The pres -
ence of Miogypsinoides spp. at 82 metres from the base of the
sec tion, and the as so ci a tion of this spe cies with lepidocyclinids,
Heterostegina spp., Rizananeiza pustulosa and Operculina
complanata, with out the pres ence of Num mu lites al most to the
end of the sec tion, are in ter preted to in di cate the SBZ23
Biozone of Chattian age. High-res o lu tion pho to graphic im ages
of some of the key foraminifera spe cies pres ent are shown in
Fig ures 5 and 6. The geo graph ical lo ca tion of the strati graphic
sec tions ad ja cent to the Kharzan sec tion re ferred to the Ap pen -
dix 2 shown in Fig ure 1A.

MICROFACIES ANALYSIS 

Based on the type and quan tity of allochemical (skel e tal and 
non-skel e tal) and orthochemical con tents, seven car bon ate
microfacies and marl or silty marl fa cies have been iden ti fied in
the Qom For ma tion in the Kharzan sec tion. They be long to
three dis tinct depositional set tings: la goon, patch reef, and
open ma rine (Fig. 7 and Ap pen dix 3). Pho to mi cro graphs taken
from each microfacies are dis played in Fig ures 8 and 9. Their
de scrip tion, sed i men tary fea tures, and struc tures are pro vided
to gether with an in ter pre ta tion of their depositional set tings. 
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Fig. 4. Strati graphic dis tri bu tion chart of foraminifera in the Kharzan sec tion stud ied

SBZ re fers to a shal low ben thic zone
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Fig. 5. Typ i cal im ages of key foraminifera pres ent in the Kharzan sec tion stud ied

A – Glomospirella sp., sam ple no. MSMO 5450; B – Haddonia sp., sam ple no. MSMO 5389; C – Triloculina tricarinata d’ Orbigny, 1826, sam -
ple no. MSMO 5584; D – T.trigonula d’ Orbigny, 1826, sam ple no. MSMO 5566; E – Idalina sp., sam ple no. MSMO 5483; F – Austrotrillina
asmariensis Ad ams, 1968, sam ple no. MSMO 5417; G – A. paucialveolata Grimsdale, 1952, sam ple no. MSMO 5418; H – A. striata Todd
and Post, 1954, sam ple no. MSMO 5417; I – Borelis merici Sirel and Gunduz, 1981, sam ple no. MSMO 5510; J – B. pygmaea Hanzawa,
1930, sam ple no. MSMO 5405; K – Bullalveolina sp., sam ple no. MSMO 5597; L – Dendritina rangi d’ Orbigny, emend. Fornasini, 1904, sam -
ple no. MSMO 5441; M – Eulepidina dilatata (Michelotti, 1861), sam ple no. MSMO 5625; N – Eulepidina sp., sam ple no. MSMO 5625
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Fig. 6. Typ i cal im ages of key foraminifera pres ent in the Kharzan sec tion stud ied

A – P. evolutus Henson, 1950, Sam ple no. MSMO 5483; B – Peneroplis thomasi Henson, 1950, Sam ple no. MSMO 5483; C –
Praerhapidionina sp., sam ple no. MSMO 5418; D – Borelis haueri (Orbigny, 1846), sam ple no. MSMO, 5417; E – Halkiyardia max ima
Cimmerman, 1969, sam ple no. MSMO 5529; F – Halkiyardia sp., sam ple no. MSMO 5539; G – Asterigerina rotula (Kaufmann), sam ple no.
MSMO 5479; H – Sphaerogypsina globulus (Reuss, 1848), sam ple no. MSMO 5539; I – Neorotalia vienotti Greig, 1935, sam ple no. MSMO
5659 sec tion; J, K –  Risananeiza pustulosa Boukhary, Kuss and Abdelraouf, 2008: J – sam ple no. MSMO 5542; K – sam ple no. MSMO
5604; L, N – Miogypsinoides spp.: L – sam ple no. MSMO 5422, N – sam ple no. MSMO 5539; M – Nephrolepidina sp., sam ple no. MSMO
5621
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Fig. 7. Ver ti cal microfacies dis tri bu tions of the Qom For ma tion in the Kharzan sec tion stud ied



MF1: MARL OR SILTY MARL

This non-car bon ate fa cies oc curs al most through out the
suc ces sion stud ied, al ter nat ing with car bon ate de pos its. The
bi otic com po nents of this fa cies are com posed mainly of ben -
thic foraminifera (miliolids) and ostracods (Fig. 8A–C). 

In ter pre ta tion: Al ter na tion of this fa cies with la goonal
microfacies (Mf2 and Mf3), to gether with the pres ence of
ostracods and miliolids, sug gest this fa cies was formed in a
depositional en vi ron ment with lim ited wa ter cir cu la tion, such as
a re stricted la goon. 

MF2: SILTY MUDSTONE

Mf2 com prises a limy mudstone ma trix with scat tered
silt-sized de tri tal quartz grains (Fig. 8D, E).

In ter pre ta tion: The lack of fos sils in this microfacies is in -
ter preted as an un fa vour able en vi ron ment for liv ing or gan isms
and/or for their pres er va tion. The lack of struc tures re lated to
pe ri ods of sur face ex po sure, such as bird’s-eye and mud
cracks, may in di cate a shal low, low-en ergy sub aque ous pro -
tected en vi ron ment (Wil son and Ev ans, 2002). In ad di tion, the

high per cent age of mud and silt as so ci ated with this
microfacies, and the po si tion of these microfacies in the ver ti cal
se quence of the Qom For ma tion, in di cate a la goonal
depositional en vi ron ment, in part merg ing into a tidal flat set ting
(Geel, 2000; Flügel, 2010).

MF3: IMPERFORATE FORAMINIFERAL WACKESTONE-PACKSTONE

Mf3 con sists mainly of porcellaneous foraminifera (miliolids, 
Borelis, Dendritina, Austrotrillina, Peneroplis) in a micritic ma -
trix. It may also con tain coralline red al gae, echinoderms, ag glu -
ti nated foraminifera, ostracods, gas tro pods and bi valves in
lesser amounts. Some thin sec tions dis play the pres ence of
spo radic quartz (10–15%) and are as so ci ated with a
wackestone-packstone tex ture, in di cat ing that Mf3 changes lo -
cally into a sandy bioclastic wackestone-packstone (Fig. 8F, G).

In ter pre ta tion: The pres ence of var i ous im per fo rate ben thic
foraminifera and the ab sence of fos sils with hyaline walls in di cate 
a pro tected la goon depositional en vi ron ment (Romero et al.,
2002). Also, a foraminifera as sem blage with a pre dom i nance of
miliolids may sig nify high-sa lin ity shal low wa ter with re duced wa -
ter cir cu la tion, and lim ited ox y gen con tent (Geel, 2000).
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Fig. 8. A-C. Mf1: Silty marl A, B - Sam ple No. MSMO 5470, C. Al ter na tions of marl or silty marl with lime stone; Figs. D, E - Mf2: Silty
mudstone D - Sam ple No. MSMO5593, E - Sam ple No. MSMO 5536; Figs. F, G - Mf3: Im per fo rate foraminiferal wackestone-
packstone F - Sam ple No. MSMO 5375, G - Sam ple No. MSMO 5522; Figs. H, I - Mf4: Im per fo rate foraminiferal packstone- grainstone
H - Sam ple No. MSMO 5601, I - Sam ple No. MSMO 5579
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MF4: IMPERFORATE FORAMINIFERAL PACKSTONE-GRAINSTONE

Im per fo rate foraminifera such as miliolids, peneroplids and
alveolinids are the main allochems in Mf4. Other com po nents
are red al gal frag ments, gas tro pods, bi valves, echinoids and
foraminifera with ag glu ti nated shells. With an in crease in mud
con tent, the microfacies changes into packstone. In some thin
sec tions, the num ber of peloids and de tri tal quartz grains may
reach 10% (Fig. 8H, I).

In ter pre ta tion: The high abun dance of porcellaneous
foraminifera in di cates a hypersaline en vi ron ment with lim ited
wa ter cir cu la tion (e.g., Geel, 2000). This microfacies rep re sent
a la goonal depositional en vi ron ment based on the stan dard
microfacies clas si fi ca tion of Flügel (2010).

MF5: RED ALGAL-FORAMINIFERAL PACKSTONE-GRAINSTONE

Mf5 con sists mainly of hyaline-walled foraminifera
(Amphistegina, Neorotalia, Asterigerina, and swol len and small
Lepidocyclinidae, Elphidium), in as so ci a tion with im per fo rate
foraminifera (miliolids) and coralline red al gae frag ments in a
micritic ma trix. Other com po nents of this microfacies are bryo -
zoans, coral, echinoderms, ostracods, gas tro pods, bi valves

and ag glu ti nated foraminifers. Due to the pres ence of
allochems char ac ter is tic of more en er getic depositional en vi -
ron ments, such as bryo zoans and co lo nial cor als in a
microcrystalline ma trix, this microfacies is in ter preted as most
prob a bly formed in the sea ward parts of an open ma rine la -
goon. Due to the lack of sub aque ous shoals in the Kharzan
sec tion, the com po nents of high-en ergy en vi ron ments (such as
reefs) are pre served as eroded frag ments dis placed into ad ja -
cent la goonal depositional en vi ron ments (Fig. 9A, B).

In ter pre ta tion: Due to the pres ence of allochems char ac -
ter is tic of more en er getic depositional en vi ron ments, such as
bryo zoans and frag mented parts of co lo nial cor als in a
microcrystalline ma trix, this microfacies was most prob a bly
formed in the sea ward parts of an open ma rine la goon.
Foraminifera with hyaline walls are usu ally pres ent in nor mal
ma rine sa lin ity. Nev er the less, porcellaneous foraminifera also
typ i cally live in shal low-wa ter en vi ron ments with re duced wa ter
cir cu la tion, low ox y gen lev els, and high sa lin ity (Geel, 2000).
The pres ence of per fo rated and im per fo rate ben thic
foraminifera in di cates de po si tion in shal low and semi-pro tected
en vi ron ments such as a la goon (Geel, 2000; Romero et al.,
2002; Vaziri-Moghaddam et al., 2006; Amirshahkarami et al.,
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Fig. 9A, B – Mf5: red al gal-foraminiferal packstone-grainstone: A – sam ple no. MSMO 5422, B – sam ple no. MSMO 5374; C, D – Mf6:
coral boundstone, sam ple no. MSMO 5431; E, F – Mf7: coralline red al gal-coral packstone-rudstone: E – sam ple no. MSMO 5723, F –
sam ple no. MSMO 5438; G, H, I – Mf8: per fo rate foraminiferal wackestone-packstone: G – sam ple no. MSMO 5620, H – sam ple no.
MSMO 5625, I – sam ple no. MSMO 5724
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2007; and Mohammadi et al., 2019). The open ma rine la goon is 
char ac ter ized by bioclastic rotaliids, miliolids and bioclast
wackestone-packstone microfacies that in clude mixed open
ma rine and re stricted en vi ron ment bioclasts (Vaziri-Moghad -
dam et al., 2010). The co-oc cur rence of nor mal ma rine biotas
such as rotaliids, corallinaceans, and echinoids with la goonal
biota such as miliolids in di cates that sed i men ta tion took place
in an open-shelf la goon.

MF6: CORAL BOUNDSTONE

About 90% of microfacies Mf6 con sist of in tact and large co -
lo nial cor als form ing an or ganic rigid frame work. In the spaces
be tween the cor als, la goon-en vi ron ment foraminifera (miliolids
and Borelis) were ob served. These cor als oc cur dis con tin u -
ously, mak ing them dif fi cult to trace over a long dis tance in the
field  (Fig. 9C, D).

In ter pre ta tion: Based on the stan dard microfacies pro -
posed by Flügel (2010), the oc cur rence of in-situ or gan isms
such as co lo nial cor als sug gests a reef en vi ron ment. This Mf is
in ter preted as a reef, but based on its al ter na tion with la goonal
microfacies (Mf4, Mf5) and field ob ser va tions (dis con tin u ous
reefs oc cur ring in ter mit tently over long dis tances) these cor als
are re lated to patch reefs. This Mf is formed by in situ fauna as
or ganic patch reefs formed in la goon set tings.

MF7: CORALLINE RED ALGAL-CORAL PACKSTONE-RUDSTONE

This Mf is char ac ter ized by abun dant and densely packed
skel e tal grains. The most im por tant con stit u ents of microfacies
Mf7 are red al gae and cor als. Hyaline-walled ben thic
foraminifers (Amphistegina, and Lepidocyclina), echinoderm
frag ments, bi valves and bryo zoans are also pres ent in lesser
amounts (Fig. 9E, F). Coarse bioclasts, larger than 2 mm in
size, are also pres ent.

In ter pre ta tion: The as so ci a tion of cor als and coralline red
al gae lead us to in ter pret a depositional en vi ron ment for Mf7 in -
volv ing sub stan tial light and rel a tively high en ergy. The abun -
dance of red al gae sug gests a depositional set ting in front of
reefs, pla teaus, and ridges in a trop i cal sea (Okhravi and Amini, 
1998; Pomar, 2001a). Flügel (2010) at trib uted this microfacies
to the up per car bon ate slope or the shal lower part of a more
open-ma rine and lower part of the reef belt (front of reef set ting)
depositional en vi ron ment. Pre vail ing red al gae and cor als and
the pres ence of LBFs, which are the most im por tant com po -
nents of Mf7, rep re sent the pre served or gan isms that ex isted in
this oligophotic zone (Pomar, 2001a, b; Brandano and Corda,
2002; Corda and Brandano, 2003). The ac cu mu la tion of large
bioclastic frag ments re moved from the reef with poor sort ing in -
di cates a depositional en vi ron ment of rel a tively high en ergy as -
so ci ated with the lower part of the reef belt and/or the up per part 
of the slope.

MF8: PERFORATE FORAMINIFERAL WACKESTONE-PACKSTONE

Mf8 con sists mainly of per fo rated-walled foraminifera, such
as large and elon gated Lepidocyclinidae (Eulepidina),
Heterostegina, Operculina, Neorotalia and Amphistegina. The
other con stit u ents in clude bryo zoans, frag ments of echino -
derms, ostracods, gas tro pods, bi valves and coralline red al gae. 
Lo cally the size of Lepidocyclinidae ex ceeds the nor mal range,
such that they are vis i ble to the na ked eye (Fig. 9G–I).

In ter pre ta tion: Ac cord ing to Hottinger (1983) and Pomar
(2001a, b), the ex ten sive pres ence of large and flat foraminifera 
such as Lepidocyclinidae, which are typ i cally in tact with out any
trace of frag men ta tion, to gether with Nummulitidae, may in di -

cate an en vi ron ment with nor mal oce anic sa lin ity, to wards the
lower lim its of the op ti cal zone (Hallock and Glenn, 1986;
Romero et al., 2002). Due to the re duc tion of tur bu lence at
these greater depths, the foraminifera pres ent tend to be de -
formed and have thin ner shells. This is due to their slower
growth tend ing to re sult in more elon gated shell forms. Con sid -
er ing the high abun dance of open ma rine fauna, such as
Lepidocyclinidae and Nummulitidae, this microfacies was most
likely de pos ited on the lower part of a car bon ate slope (Geel,
2000). The abun dance of red al gae, and LBFs such as
Eulepidina, Neorotalia, and Operculina, in di cates that the
depositional en vi ron ment ex isted in the mesophotic to
oligophotic zone (Pomar 2001a, b; Romero et al., 2002;
Renema, 2006).

DISTRIBUTION OF FOSSIL ASSEMBLAGES AND DEPOSITIONAL
ENVIRONMENTS IN THE SECTION STUDIED 

The dis tri bu tion and com mu nity of per fo rate and im per fo -
rate foraminifera, as well as the ex tents of ter res trial and car -
bon ate fa cies, are the key fac tors that as sist in de fin ing a fea si -
ble sed i men tary model for the Kharzan sec tion. Con tin u ous
reefs, storm struc tures, and grav ity-flow de pos its (turbidites and 
de bris flows), which are in dic a tive of rel a tively rapid fa cies
changes, are ab sent from the sec tion stud ied. By com par ing
the in ter preted microfacies of the Kharzan sec tion with those
de scribed by Read et al., (1995), Pomar (2001a, b), and Flügel
(2010), the sed i men tary en vi ron ment of the Qom For ma tion at
this lo ca tion is most likely an open car bon ate shelf plat form. A
sed i men tary model de pict ing the vari a tions ob served in that en -
vi ron ment based on the sam ples stud ied is shown in Fig ure 10. 

The in ner shelf in cludes both la goons and patch reefs,
whereas the mid dle shelf com prises shal low-wa ter en vi ron -
ments ex ist ing in more open-ma rine con di tions. The outer shelf
en vi ron ment has not been rec og nized in the out crops of the
Kharzan sec tion. In ner shelf microfacies con sist of Mf1, Mf2,
Mf3, Mf4, Mf5 and Mf6. Ac cord ing to Hallock and Glenn (1986)
and Geel (2000), im per fo rate foraminifera are abun dant in the
la goonal en vi ron ment. Miliolids, Dendritina, Peneroplis,
Austrotrillina and Borelis are rep re sen ta tives of these taxa in
the sec tion stud ied. They are par tic u larly abun dant in
microfacies Mf3 and Mf4.

Microfacies Mf1 and Mf2 were de pos ited on the shal low est
in ner shelf. The ab sence of any struc tures in dic a tive of
subaerial ex po sure such as mud cracks and bird's-eye struc -
tures) in Mf1, and its sit u a tion in the sed i men tary se quence as a 
whole, in di cates that it was de pos ited in a low-en ergy, shal -
low-wa ter en vi ron ment with lim ited wa ter cir cu la tion: most prob -
a bly a restricted lagoon similar to Mf2. 

The most com monly iden ti fied microfacies rep re sent ing the
in ner shelf are Mf3, Mf4, and Mf5. The im per fo rate foraminifera
such as Dendritina, Austrotrillina, Peneroplis, Borelis, miliolids
and textularids (microfacies Mf3-Mf4) also in di cate la goonal en -
vi ron ments (Geel, 2000; Romero et al., 2002). A semi-re stricted 
la goon seems most likely due to the co ex is tence of a re stricted
ma rine fauna such as im per fo rate foraminifera and open ma -
rine fauna such as per fo rate foraminifera (microfacies Mf5).
Microfacies Mf5 was ob served to al ter nate with Mf6 in the sec -
tion stud ied. 

The co-ocurrence of an open-ma rine in dex spe cies (per fo -
rated ben thic foraminifera such as Nephrolepidina and
Amphistegina, corallinaceans, bryo zoans, and echinoids) with
mul ti ple la goonal taxa (the im per fo rat ed ben thic foraminifera
such as miliolids, peneroplids and Borelis) in a gen er ally la -
goonal en vi ron ment and also based on field ob ser va tions (dis -
con tin u ous and reefs un trace able over long dis tances) sug -
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gests the ex is tence of a dis con tin u ous reef sys tem (i.e., patch
reefs) in the Kharzan sec tion. The mid dle-shelf microfacies in -
clude prox i mal and dis tal depositional en vi ron ments. The prox i -
mal microfacies are char ac ter ized by the pres ence of reef-de -
rived bioclasts such as co lo nial cor als and coralline red al gae in
a packstone-rudstone fab ric (microfacies Mf6 and Mf7). Mf7 is
lo cated in a shal lower part of the mid dle shelf than Mf6. The
mid dle shelf dis tal part in cludes per fo rate foraminifera, such as
Lepidocyclinidae in microfacies Mf8. Per fo rate LBFs with sym -
bi otic al gae (e.g., Lepidocyclinidae and Nummulitidae in
microfacies Mf8) are the ma jor com po nents in euphotic shal low
wa ter in dic a tive of an open-ma rine depositional en vi ron ment
(Hallock and Glenn, 1986; Geel, 2000). 

DIAGENETIC PROCESSES AND RESERVOIR QUALITY

Due to its di verse fa cies and microfacies types, the Qom
For ma tion can act as source rock, res er voir rock and cap rock,
pro vid ing all the com po nents of an ef fec tive oil sys tem (e.g.,
Rezaei and Honarmand, 2001). Two main fac tors of the sed i -
men tary en vi ron ment and diagenetic pro cesses con trol its res -
er voir char ac ter is tics. The per cent age and fre quency of po ros -
ity, as well as changes in per me abil ity, are the most ba sic and
es sen tial fac tors that de ter mine a for ma tion's res er voir qual ity.
The most im por tant diagenetic pro cesses that have af fected
the lime stone of the Qom For ma tion in clude micritization, ce -
men ta tion, me chan i cal and chem i cal com pac tion, dis so lu tion,
frac tur ing, and the vein-fill ing with cal cite. In gen eral, pro cesses
such as dis so lu tion and frac tur ing have, at times, acted to im -
prove the res er voir qual ity dur ing the post-depositional his tory
of the suc ces sion stud ied. On the other hand, the pro cesses of

micritization, ce men ta tion, com pac tion and cal cite vein for ma -
tion have sub se quently acted to re duce the res er voir po ten tial
in much of the Qom For ma tion. 

Sec ond ary po ros ity such as of vug gy type (Fig. 11A) and
frac ture type (Fig. 11B) has been ob served in the Kharzan sec -
tion. 

Com pac tion and ce men ta tion are two im por tant pro cesses
that have acted to re duce po ros ity and per me abil ity in the Qom
For ma tion. The ef fects of com pac tion can be seen in the form
of so lu tion seams (Fig. 11C) and sty lo lites in the sam ples stud -
ied. Me chan i cal com pac tion (Fig. 11D) was ob served within the 
mud-dom i nated fa cies of the Qom For ma tion, whereas chem i -
cal com pac tion dom i nates in the grain-based fa cies. The ef -
fects of phys i cal com pac tion in clude the de for ma tion of fos sils
and the break-up of bioclasts, es pe cially lepidocyclinids and red 
al gae. The ef fects of chem i cal com pac tion in clude
stylolitization, dentate con tacts be tween grains, and the for ma -
tion of dis so lu tion veins. 

Ce men ta tion of the Qom For ma tion in the sec tion stud ied
oc curs in the form of equant cal cite, blocky, syntaxial
overgrowths (Fig. 11E), drusy (Fig. 11F), mo saic (Fig. 11G),
and per va sive anhydrite ce ments. Such types of ce ment have
filled the intragranular pore space (Fig. 11H) as well as frac -
tures and dis so lu tion pores. 

Per va sive anhydrite and coarsely crys tal line gyp sum ce -
ment also con trib ute to the de te ri o ra tion of the res er voir qual ity
of the Qom For ma tion. Ce men ta tion is most per va sive in the
reef and the fore-reef fa cies. Ad di tion ally, micritization (Fig. 11I) 
was cre ated by the ac tiv i ties of mi cro or gan isms, in clud ing
cyanobacteria, al gae, and fungi on the allochem sur faces (Gar -
cia-Pichel, 2006). Af ter the fill ing of pores and bur rows with
micrite, a micritic coat tends to de velop around the rock and
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Fig. 10. In ter preted sed i men tary en vi ron ment model in cor po rat ing the dis tri bu tion of microfacies ob served in the Qom
For ma tion ex posed in the Kharzan sec tion

See text for a de tailed de scrip tion of microfacies  Mf1 to Mf8
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min eral par ti cles that are pres ent (e.g., Bathurst, 1975). The
micritization pro cess of the Qom For ma tion has led to a sub -
stan tial re duc tion of con nected po ros ity in cer tain zones. 

The most im por tant diagenetic pro cesses that have in -
creased the po ros ity and per me abil ity of the car bon ate sec tions 
of the Qom For ma tion are min eral dis so lu tion and the de vel op -
ment of frac tures. The dis so lu tion pro cess leads pri mar ily to the 
for ma tion of vug gy po ros ity, which is mainly ob served in the re -
stricted la goon fa cies, par tic u larly in the shal low parts of the in -
ner shelf, which were more ex posed to sea-level changes.
Frac tures are widely ob served in this for ma tion, and when first
formed they sub stan tially in creased per me abil ity, but many of
those frac tures are now filled (partly or com pletely) with sparitic
cal cite ce ment, which de creased their abil ity to pos i tively im pact 
the per me abil ity of the for ma tion. Diagenetic pro cesses are the
most im por tant fac tors con trol ling po ros ity and per me abil ity in
the Qom For ma tion. How ever, a sub stan tial part of the
diagenetic pro cesses ob served, es pe cially dis so lu tion and ce -
men ta tion, oc curred shortly af ter de po si tion and dur ing early
diagenesis. Con se quently, these res er voir pa ram e ters dis play
a close re la tion ship with sed i men tary fa cies, and thus the sed i -
men tary en vi ron ment af fects po ros ity and per me abil ity. The po -
ros ity that ex ists in marl and marly lime stones is microporosity,
whereas packstone-grainstone fa cies have vug gy po ros ity.
Due to diagenetic pro cesses such as com pac tion and in tense
ce men ta tion in the reef and packstone fa cies in the fore-reef
en vi ron ment, these fa cies dis play low res er voir qual ity. The oc -
cur rence of var i ous diagenetic pro cesses has acted to re duce
po ros ity in much of the Qom For ma tion. In ad di tion to pri mary
ce men ta tion, the diagenetic pro cesses ob served in clude sec -
ond ary ce men ta tion, anhydritization, com pac tion, micritization

and veins filled with cal cite ce ment. In the area stud ied, the
lime stone lay ers of this for ma tion tend not to re tain much pri -
mary po ros ity. Sec ond ary po ros ity de vel op ment pro cesses are
not wide spread in this for ma tion, be ing re stricted to the shal low
la goonal fa cies, al though most of the fa cies of the Qom For ma -
tion pres ent in the sec tion stud ied are fine-grained, mud-sup -
ported, car bon ate lithologies with rel a tively poor pri mary
porosity. Some of the mud-supported deposits have been
beneficially affected by diagenetic processes, particularly
dissolution and fracturing, leading to zones within the formation
with improved reservoir quality.

CONCLUSIONS

Biogenic com po nents of the Qom For ma tion in the Kharzan
sec tion in the north-west of Ardestan are dom i nated by large
ben thic foraminifera (LBF), hyaline, and porcellaneous and ag -
glu ti nated ben thic foraminifera, cor als, and coralline red al gae.
The dis tri bu tion of LBF in the stud ied area makes it pos si ble to
cor re late the microfossil as sem blages of cen tral Iran with the
stan dard shal low ben thic zonation (SBZ) of the Eu ro pean Ba -
sin. Lipidocyclinidae and Miogypsinidae zonal mark ers in the
Qom For ma tion show a good cor re la tion with SBZ23, which in -
di cates its late Oligocene (Chattian) age. Fa cies anal y sis based 
on field ob ser va tion and petrographic data fa cil i tates the rec og -
ni tion of eight microfacies vary ing be tween la goon (Mf1–Mf5),
patch reef (Mf6), and slope (Mf7, Mf8) en vi ron ments. These
iden ti fied microfacies and the dis per sion of mi cro-or gan isms
within them sug gest an open-shelf depositional en vi ron ment for 
the Qom For ma tion in the study area. In de tail, that en vi ron ment 
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Fig. 11. Se lected mi cro scopic im ages of diagenetic pro cesses in the Qom For ma tion

A – vug gy po ros ity; B – frac ture po ros ity; C – so lu tion seam; D – me chan i cal com pac tion; E – syntaxial over growth ce ment around
echinoderm; F – drusy ce ment; G – cal cite mo saic ce ment; H – bi valve in te rior filled with cal cite; I – micritization



com prises in ner and mid dle (prox i mal and dis tal) shelf com po -
nents. Microfacies Mf1-Mf6 rep re sent the mid dle shelf and Mf7,
and Mf8 rep re sents the in ner shelf.

Study of the car bon ate strata of the Qom For ma tion re -
vealed that ce men ta tion oc curred widely through out these
strata. Ce men ta tion has de stroyed a large amount of the pri -
mary and sec ond ary po ros ity, and thereby sub stan tially de -
graded res er voir qual ity. Al though dis so lu tion and frac tur ing
cre ated ex ten sive sec ond ary po ros ity, the frac tures and vug gy
po ros ity formed have for the most part been sub se quently filled
with ce ment, lead ing to a de te ri o ra tion in res er voir qual ity.
Micritization and com pac tion have also con trib uted to a
post-depositional re duc tion in the for ma tion’s po ros ity More -
over, in some zones, chem i cal com pac tion has cre ated sty lo -
lites. In gen eral, zones as so ci ated with shal low la goonal fa cies
dis play better res er voir qual ity than other fa cies due to the
greater in flu ence and pres er va tion of dis so lu tion zones and

frac tures. Frac tur ing is a con se quence of post-depositional ac -
tive re gional tec tonic move ments caused by vol ca nic ep i sodes
and horst and graben de vel op ment. Over all, diagenetic pro -
cesses have sub stan tially af fected the Qom For ma tion in the
sec tion stud ied, de grad ing its res er voir qual ity, but some shal -
low-la goonal fa cies zones re main with vi a ble res er voir qual ity.

Ac knowl edg ements. This pro ject was funded by the
Ferdowsi Uni ver sity of Mashhad (grant num ber 3/44368 to
A.AA.). The au thors are grate ful to the Na tional Ira nian Oil
Com pany Ex plo ra tion Di rec tor ate for pro vid ing sam ples and
thin sec tions and the Ferdowsi Uni ver sity of Mashhad for their
lo gis ti cal sup port dur ing the study. We also thank Dr.
Mohammad Reza Arianasab from the Na tional Ira nian Oil
Com pany, Ex plo ra tion Di rec tor ate for his help ful com ments on
the manu script. Two ref er ees are ac knowl edged for their in -
sight ful re views, con struc tive com ments and use ful re marks.

REFERENCES

Ad ams, C.G., Bel ford, D.J., 1974. Foraminiferal Biostratigraphy of
the Oligocene–Mio cene Lime stones of Christ mas Is land (In dian
Ocean), Pa le on tol ogy, 1:  475–506. 

Ad ams, C.G., Gen try, A.W., Whybrow, P.J., 1983. Dat ing the ter mi -
nal Tethyan event. Utrecht Micropaleontological Bul le tins, 30:
273–298.

Ad ams, T.D., Bour geois, F., 1967. Asmari biostratigraphy Iran. Ira -
nian Oil Op er at ing Com pa nies Geo log i cal and Ex plo ra tion Di vi -
sion, 1074: 1–37.

Agard, P., Omrani, J., Jolivet, L., Whitechurch, H., Vrielynck, B.,
Spakman, W., Monie, P., Meyer, B., Wortel, R., 2011. Zagros
orog eny: a subduction-dom i nated pro cess. Geo log i cal Mag a -
zine, 148: 692–725;
https://doi.org/10.1017/S001675681100046X

Akbar-Baskalayeh, N., Less, G., Ghasemi-Nejad, E., Yazdi-
Mogha dam, M., Pignatti, J., 2020. Bio met ric study of late
Oligocene larger ben thic Foraminifera (Lepidocyclinidae and
Nummulitidae) from the Qom For ma tion, Cen tral Iran (Tajar-Kuh 
sec tion). Jour nal of Pa le on tol ogy, 94: 593–615;
https://doi.org/10.1017/jpa.2020.5

Allahkarampour Dill, M., Vaziri-Moghaddam, H., Seyrafian, A.,
Behdad, A., 2018. Oligo-Mio cene car bon ate plat form evo lu tion
in the north ern mar gin of the Asmari intra-shelf ba sin, SW Iran.
Ma rine and Pe tro leum Ge ol ogy, 92, 437–461;
https://doi.org/10.1016/j.marpetgeo.2017.11.008

Amirshahkarami, M., Karavan, M., 2015. Microfacies mod els and
se quence strati graphic ar chi tec ture of the Oligocene–Miocene
Qom For ma tion, south of Qom City, Iran. Geoscience Fron tiers,
6: 593–604; https://doi.org/10.1016/j.gsf.2014.08.004

Amirshahkarami, M., Vaziri-Moghaddam, H., Taheri, A., 2007.
Sed i men tary fa cies and se quence stra tig ra phy of the Asmari
For ma tion at Chaman-Bolbol, Zagros Ba sin, Iran. Jour nal of
Asian Earth Sci ences, 29: 947–959;
https://doi.org/10.1016/j.jseaes.2006.06.008

Amirshahkarami, M., Ghabishavi, A., Rahmani, A., 2010.
Biostratigraphy and paleoenvironment of the larger ben thic
foraminifera in wells sec tions of the Asmari For ma tion from the
Rag-e-Safid oil field, Zagros Ba sin, south west Iran. Zagros Ba -
sin, south west Iran. Stra tig ra phy and Sedimentology Re sear -
ches, 40: 63–48.

Baghbani, D., Alahiari, M., Shakeri, A., 1996. In ves ti ga tion of Sed -
i ment Ba sin, Hy dro car bon Ca pac ity, Stra tig ra phy, Sed i men tary
Cy cles, Ac tive Faults of Tec tonic, Sed i ment Area and Palaeo ge -
ogra phy of the Qom For ma tion, Pro ject of Na tional Ira nian Oil
Com pany (in Per sian).

Barattolo, F., Bassi, D., Romano, R., 2007. Up per Eocene larger
foraminiferal-coralline al gal fa cies from the Klokova Moun tain
(south ern con ti nen tal Greece). Fa cies, 53: 361–375;
https://doi.org/10.1007/s10347-007-0108-2

Bassi, D., Hottinger, L., Nebelsick, J.H., 2007. Larger foraminifera 
from the Up per Oligocene of the Ve ne tian area, north east It aly.
Pa le on tol ogy, 50: 845–868;
https://doi.org/10.1111/j.1475-4983.2007.00677.x

Basso, D., Coletti, G., Bracchi, V.A., Yazdi-Moghadam, M., 2019.
Lower Oligocene coralline al gae of the Uromieh sec tion (Qom
For ma tion, NW Iran) and the old est re cord of Titanoderma
pustulatum (Corallinophycidae, Rhodophyta). Rivista Italiana di
Paleontologia e Stratigrafia, 125: 197–218;
https://doi.org/.13130/2039-4942/11382

Bathurst, R.G.C., 1975. Car bon ate Sed i ments and their Diage -
nesis. De vel op ments in Sedimentology, 12.

Beavington-Penney, S.J., Racey, A., 2004. Ecol ogy of ex tant
nummulitids and other larger ben thic foraminifera: ap pli ca tions
in palaeoenvironmental anal y sis. Earth-Sci ence Re views, 67:
219–265; https://doi.org/10.1016/j.earscirev.2004.02.005

Behforouzi, E., Sa fari, A., 2011. Biostratigraphy and paleoecology
of the Qom For ma tion in Chenar area (north west ern Kashan),
Iran. Revista Mexicana de Ciencias GeolÙgicas, 28: 555–565.

Bellen, R.C. Van. M., Dunnington., H.V., Wetyzel, R., Mor ton, D.,
1959. Lexique stratigraphique, In ter na tional. Asia, Iraq, 3: 1–333.

Bozorgnia, F., 1966. Qum For ma tion stra tig ra phy of the Cen tral Ba -
sin of Iran and its in ter con ti nen tal po si tion. Bul le tin of the Ira nian 
Pe tro leum In sti tute, 24: 69–75.

Bozorgnia, F., Kalantari, A, 1965. Num mu lites of Parts of Cen tral
and East Iran. (A Thin-sec tion Study). Na tional Ira nian Oil Com -
pany, Teh ran.

Brandano, M., Corda, L., 2002. Nu tri ents, sea level, and tec ton ics:
con straints for the fa cies ar chi tec ture of a Mio cene car bon ate
ramp in cen tral It aly. Terra Nova, 14: 257–262;
https://doi.org/10.1046/j.1365-3121.2000.00419.x

Cahuzac, B., Poi gnant, A., 1997. Essai de biozonation de l'Oligo-
MiocÀne dans les bassins européens « l'aide des grands
foraminifÀres néritiques. Bul le tin de la Société géologique de
France, 168: 155–169.

Corda, L., Brandano, M., 2003. Aphotic zone car bon ate pro duc tion 
on a Mio cene ramp, Cen tral Apennines, It aly. Sed i men tary Ge -
ol ogy, 161: 55–70;
https://doi.org/10.1016/S0037-0738(02)00395-0

Asma Aftabi Arani et al. / Geo log i cal Quar terly, 67: 23 17

https://doi.org/10.1017/S001675681100046X
https://doi.org/10.1017/jpa.2020.5
https://doi.org/10.1016/j.marpetgeo.2017.11.008
https://doi.org/10.1016/j.gsf.2014.08.004
https://doi.org/10.1016/j.jseaes.2006.06.008
https://doi.org/10.1007/s10347-007-0108-2
https://doi.org/10.1111/j.1475-4983.2007.00677.x
https://doi.org/.13130/2039-4942/11382
https://doi.org/10.1016/j.earscirev.2004.02.005
https://doi.org/10.1046/j.1365-3121.2000.00419.x
https://doi.org/10.1016/S0037-0738(02)00395-0


Æosoviæ, V., Drobne, K., Moro, A., 2004. Paleoenvironmental
model for Eocene foraminiferal lime stones of the Adri atic car -
bon ate plat form (Istrian Pen in sula). Fa cies, 50: 61–75;
https://doi.org/10.1007/s10347-004-0006-9

Daneshian, J., Dana, L.R., 2007. Early Mio cene ben thic
foraminifera and biostratigraphy of Qom For ma tion, Deh
Namak, Cen tral Iran. Jour nal of Asian Earth Sci ences, 29:
844–858; https://doi.org/10.1016/j.jseaes.2006.06.003

Daneshian, J., Dana, L.R., 2019. Ben thic foraminiferal events of
the Qom For ma tion in the North Cen tral Iran Zone. Paleontolo -
gical Re search, 23: 10–22; https://doi.org/10.2517/2018PR008

Daneshian, J., Ghanbari, M., 2017. Strati graphic dis tri bu tion of
plank tonic foraminifera from the Qom For ma tion: a case study
from the Zanjan area (NW Cen tral Iran). Neues Jahrbuch für
Geologie und Paläontologie Abhandlungen, 283: 239–254;
https://doi.org/10.1127/njgpa/2017/0636

Daneshian, J., Dana, L.R., Sadler, P., 2017. A com pos ite
foraminiferal biostratigraphic se quence for the Lower Mio cene
de pos its in the type area of the Qom For ma tion, cen tral Iran, de -
vel oped by con strained op ti mi za tion (CONOP). Jour nal of Af ri -
can Earth Sci ences, 125: 214–229;
https://doi.org/10.1016/j.jafrearsci.2016.09.023

Deighton, I., 1985. Foraminifera biostratigraphy general re port. In:
Area Re port East Iran Pro ject Are No. 1 (North and South
Baluchestan) (ed. G. J. H. Mc Call). Geo log i cal Sur vey of Iran,
Min is try of Mine and Met als. 

Dill, M.A., Vaziri-Moghaddam, H., Seyrafian, A., Behdad, A.,
Shabafrooz, R., 2020. A re view of the Oligo-Mio cene larger
ben thic foraminifera in the Zagros ba sin, Iran; New in sights into
biozonation and palaeo geo graphi cal maps. Re vue de
Micropaléontologie, 66, 100408;
https://doi.org/org/10.1016/j.revmic.2020.100408

Dun ham, R.J., 1962. Clas si fi ca tion of car bon ate rocks ac cord ing to
depositional tex ture. AAPG Mem oir, 1: 80–121.

Ehrenberg, S.N., Pickard, N.A.H., Laursen, G.V., Monibi, S.,
Mossadegh, Z.K., Svana, T.A., Aqrawi, A.A.M., McArthur,
J.M., Thirlwall, M.F., 2007. Stron tium iso tope stra tig ra phy of
the Asmari For ma tion (Oligocene Lower Mio cene), SW Iran.
Jour nal of Pe tro leum Ge ol ogy, 30: 107–128;
https://doi.org/10.1111/j.1747-5457.2007.00107.x

Embry, A.F., Klovan, J.E., 1971. A late De vo nian reef tract on north -
east ern Banks Is land, NWT. Bul le tin of Ca na dian Pe tro leum Ge -
ol ogy, 19: 730–781.

Flügel, E., 2010. Microfacies of Car bon ate Rocks, Anal y sis, In ter -
pre ta tion and Ap pli ca tion. Springer, Berlin.

Gar cia-Pichel, F., 2006. Plau si ble mech a nisms for the bor ing of
car bon ates by mi cro bial phototrophs. Sed i men tary Ge ol ogy,
185: 205–213; https://doi.org/10.1016/j.sedgeo.2005.12.013

Geel, T., 2000. Rec og ni tion of strati graphic se quences in car bon ate
plat form and slope de pos its: em pir i cal mod els based on
microfacies anal y sis of Palaeogene de pos its in south east ern
Spain. Palaeogeography, Palaeoclimatology, Palaeo ec ol ogy,
155: 211–238; https://doi.org/10.1016/S0031-0182(99)00117-0

Hadavi, F., Moghaddam, M. M. and Mousazadeh, H., 2010.
Burdigalian-Serravalian cal car e ous nannoplanktons from Qom
For ma tion, North-Cen ter Iran. Ara bian Jour nal of Geoscience,
3: 133–139.

Hallock, P., Glenn, E.C., 1986. Larger foraminifera: a tool for
paleoenvironmental anal y sis of Ce no zoic car bon ate
depositional fa cies. Palaeogeography, Palaeoclimatology,
Palaeo ec ol ogy, 1: 44–64; https://doi.org/10.2307/3514459

Harzhauser, M., Piller, W.E., 2007. Bench mark data of a chang ing
sea-paleogeography, palaeobiogeography, and events in the
Cen tral Paratethys dur ing the Mio cene. Palaeo ge ogra phy,
Palaeoclimatology, Palaeo ec ol ogy, 253: 8–31;
https://doi.org/10.1016/j.palaeo.2007.03.031

Hottinger, L., 1983. Pro cesses de ter min ing the dis tri bu tion of larger 
foraminifera in space and time. Utrecht Micropaleontological
Bul le tins, 30: 239–253. 

Jones, R.W., Racey, A., Simmons, M.D., 1994. Ce no zoic stra tig ra -
phy of the Ara bian Pen in sula and Gulf. Micropalaeontology and
Hy dro car bon Ex plo ra tion in the Mid dle East: 273–307. Chap -
man and Hall, Lon don.

Kalantari, A, 1976. Microbiostratigraphy of the Sarvestan area,
South west ern Iran (Geo log i cal Lab o ra to ries Pub li ca tion No.5).
Na tional Ira nian Oil Com pany, Teh ran.

Karavan, M., Vaziri-Moghaddam, H., Mahboubi, A., Moussavi-
Harami, R., 2014. Biostratigraphy and paleo-eco log i cal re con -
struc tion on scleractinian reef cor als of Rupelian-Chattian suc -
ces sion (Qom For ma tion) in the north east of Delijan area.
Geopersia, 4: 11–24.

Khaksar, K., Moghadam, I.M., 2007. Paleontological study of the
echinoderms in the Qom For ma tion (Cen tral Iran). Earth Sci -
ence Re search Jour nal, 11: 57–79.

Laursen, G. V., Monibi, S., Allan, T. L., Pickard, N. A. H.,
Hosseiney, A., Vin cent, B., Hamon, Y., Van Buchem, F. S. P.,
Moallemi, A., Druillion, G., 2009. The Asmari For ma tion re vis -
ited: changed strati graphic al lo ca tion and new biozonation. First 
In ter na tional Pe tro leum Con fer ence and Ex hi bi tion Shi raz, Iran.

Mohammadi, E., 2022. Foraminiferal biozonation, biostratigraphy,
and trans-basinal cor re la tion of the Oligo-Mio cene Qom For ma -
tion, Iran (north east ern mar gin of the Tethyan Sea way).
Palaeoworld (in press, cor rected proof);
https://doi.org/10.1016/j.palwor.2022.04.005

Mohammadi, E., Ameri, H., 2015. Bi otic com po nents and
biostratigraphy of the Qom For ma tion in north ern Abadeh,
Sanandaj-Sirjan fore-arc ba sin, Iran (north east ern mar gin of the
Tethyan Sea way). Ara bian Jour nal of Geosciences, 8:
10789–10802.

Mohammadi, E., Sa fari, A., Vaziri-Moghaddam, H., Vaziri, M.R.,
Ghaedi, M., 2011. Microfacies anal y sis and paleoenvironmental 
in ter pre ta tion of the Qom For ma tion, south of the Kashan, Cen -
tral Iran. Car bon ates and Evaporites, 26: 255–271;
https://doi.org/ 10.1007/s13146-011-0059-0

Mohammadi, E., Hasanzadeh-Dastgerdi, M., Ghaedi, M.,
Dehghan, R., Sa fari, A., Vaziri-Moghaddam, H., Baizidi, C.,
Vaziri, M., Sefidari, E., 2013. The Tethyan Sea way Ira nian Plate 
Oligo-Mio cene de pos its (the Qom For ma tion): dis tri bu tion of
Rupelian (early Oligocene) and evaporite de pos its as ev i dence
for the tim ing and trending of open ing and clo sure of the Tethyan 
Sea way. Car bon ates and Evaporites, 28: 321–345;
https://doi.org/ 10.2517/2018PR008

Mohammadi, E., Vaziri, M.R., Dastanpour, M., 2015.
Biostratigraphy of the nummulitids and lepidocyclinids bear ing
Qom For ma tion based on larger ben thic foraminifera
(Sanandaj-Sirjan fore-arc ba sin and Cen tral Iran back-arc ba sin, 
Iran). Ara bian Jour nal of Geosciences, 8: 403–423.

Mohammadi, E., Hasanzadeh-Dastgerdi, M., Sa fari, A., Vaziri-
Moghaddam, H., 2019. Microfacies and depositional en vi ron -
ments of the Qom For ma tion in Barzok area, SW Kashan, Iran.
Car bon ates and Evaporites, 34: 1293–1306;
https://doi.org/ 10.1007/s13146-017-0415-9

Murray, J.W., 2006. Ecol ogy and Ap pli ca tions of Ben thic Foramini -
fera. Cam bridge Uni ver sity Press.

Nayebi, Z., 1995. Microbiostratigraphy of the Qom For ma tion in
Kamarkuh and Dobaradar ar eas (in Per sian). M.Sc. The sis,
Shahid Beheshti Uni ver sity. 

Nebelsick, J.H., Stingl, V., Rasser, M., 2001. Autochthonous fa -
cies and allochthonous de bris flows com pared: Early Oligocene
car bon ate fa cies pat terns of the Lower Inn Val ley (Tyrol, Aus -
tria). Fa cies, 44: 31–46; https://doi.org/10.1007/BF02668165

Nouradini, M., Azami, H. R., Hamed, M., Yazdi, M., 2015.
Foraminiferal paleoecology and paleoenvironmental re con -
struc tions of the lower Mio cene de pos its of the Qom For ma tion
in North east ern Isfahan, Cen tral Iran. Boletin de la Sociedad
GeolÙgica Mexicana, 67: 59–73;
https://doi.org/10.18268/BSGM2015v67n1a5

Okhravi, R., Amini, A., 1998. An ex am ple of mixed car bon -
ate-pyroclastic sed i men ta tion (Mio cene, Cen tral Ba sin, Iran).
Sedimentology, 118: 37–54;
https://doi.org/10.1016/S0037-0738(98)00004-9

18 Asma Aftabi Arani et al. / Geo log i cal Quar terly, 67: 23

https://doi.org/10.1007/s10347-004-0006-9
https://doi.org/10.1016/j.jseaes.2006.06.003
https://doi.org/10.1127/njgpa/2017/0636
https://doi.org/10.2517/2018PR008
https://doi.org/10.1016/j.jafrearsci.2016.09.023
https://doi.org/10.1111/j.1747-5457.2007.00107.x
https://doi.org/10.1016/j.sedgeo.2005.12.013
https://doi.org/10.1016/S0031-0182(99)00117-0
https://doi.org/10.2307/3514459
https://doi.org/10.1016/j.palaeo.2007.03.031
Mohammadi,%20E.,%20Safari,%20A.,%20Vaziri-Moghaddam,%20H.,%20Vaziri,%20M.R.,%20Ghaedi,%20M.,%202011.%20Microfacies%20analysis%20and%20paleoenvironmental%20interpretation%20of%20the%20Qom%20Formation,%20south%20of%20the%20Kashan,%20Central%20Iran.%20Carbonates%20and%20Evaporites,%2026:%20255%E2%80%93271;
https://doi.org/ 10.1007/s13146-011-0059-0
https://doi.org/ 10.2517/2018PR008
https://doi.org/ 10.1007/s13146-017-0415-9
https://doi.org/10.1007/BF02668165
https://doi.org/10.18268/BSGM2015v67n1a5
https://doi.org/10.1016/S0037-0738(98)00004-9


Parandavar, M., Hadavi, F., 2019. Iden ti fi ca tion of the
Oligocene-Mio cene bound ary in the Cen tral Iran Ba sin (Qom
For ma tion): cal car e ous nannofossil ev i dence. Geo log i cal Quar -
terly, 63 (2): 215–229; https://doi.org/10.7306/gq.1464

Pomar, L., 2001a. Eco log i cal con trol of sed i men tary ac com mo da -
tion: evo lu tion from a car bon ate ramp to rimmed shelf, Up per
Mio cene, Balearic Is lands. Palaeo ge ogra phy, Palaeoclima -
tology, Palaeo ec ol ogy, 175: 249–272;
https://doi.org/10.1016/S0031-0182(01)00375-3

Pomar, L., 2001b. Types of car bon ate plat forms: a ge netic ap -
proach. Ba sin Re search, 13: 313–334;
https://doi.org/10.1046/j.0950-091x.2001.00152.x

Racey, A., 1994. Biostratigraphy and palaeobiogeographic sig nif i -
cance of Ter tiary nummulitids (foraminifera) from north ern
Oman. Micropalaeontology and Hy dro car bon Ex plo ra tion in the
Mid dle East: 343–367.

Radfar, J., Amini, B., 1999. Geo log i cal map of Iran, Ardestan, sheet 
no. 6457, scale 1:100,000. Geo log i cal Sur vey of Iran.

Rahaghi, A., 1980. Ter tiary fau nal as sem blage of Qum-Kashan,
Sabzewar, and Jahrum area. Na tional Ira nian Oil Com pany,
Geo log i cal Lab o ra to ries, 8: 1–64.

Rasser, M.W., Nebelsick, J.H., 2003. Prov e nance anal y sis of
Oligocene autochthonous and allochthonous coralline al gae: a
quan ti ta tive ap proach to wards re con struct ing trans ported as -
sem blages. Palaeo ge ogra phy, Palaeoclimatology, Palaeo ec ol -
ogy, 201: 89–111;
https://doi.org/10.1016/S0031-0182(03)00512-1

Read, J.F., Kerans, C., Weber, L.J., Sarg, J.F., Wright, F.M., 1995.
Milankovitch sea-level changes, cy cles and res er voirs on car -
bon ate plat forms in green house and ice-house worlds. SEPM
Short Course Notes, 35, pt. 1.

Renema, W., 2006. Large ben thic foraminifera from the deep photic
zone of a mixed siliciclastic-car bon ate shelf off East
Kalimantan, In do ne sia. Ma rine Micropaleontology, 58: 73–82;
https://doi.org/10.1016/j.marmicro.2005.10.004

Reuter, M., Piller, W.E., Harzhauser, M., Mandic, O., Berning, B.,
Rogl, F., Kroh, A., Aubry, M.P., Wielandt-Schuster, U.,
Hamedani, A., 2009. The Oligo-/Mio cene Qom For ma tion
(Iran): ev i dence for an early Burdigalian re stric tion of Tethyan
Sea way and clo sure of its Ira nian gate ways. In ter na tional Jour -
nal of Earth Sci ences, 98: 627–650;
https://doi.org/10.1007/s00531-007-0269-9

Rezaei, M. R., Honarmand, J., 2001. Con trol ler pa ram e ters the res -
er voir qual ity of Qom For ma tion in Alborz field, Qom ba sin, Cen -
tral Iran (in Per sian). Teh ran Uni ver sity Sci ence Jour nal, 27
(1–6).

Romero, J., Caus, E., Rossel, J., 2002. A model for the
Palaeoenvironmental, dis tri bu tion of larger foraminifera based
on late mid dle Eocene de pos its on the mar gin of the south Pyr e -
nean Ba sin (SE Spain). Palaeo ge ogra phy, Palaeoclimatology,
Palaeo ec ol ogy, 179: 43–56;
https://doi.org/10.1016/S0031-0182(01)00406-0

Sartorio, D., Venturini, S., 1988. South ern Tethys Biofacies. Agip
Strati graphic De part ment.

Schuster, F., Wielandt, U., 1999. Oligocene and early Mio cene
coral fau nas from Iran: paleoecology and paleobiogeography.
In ter na tional Jour nal of Earth Sci ences, 88: 571–581;
https://doi.org/ 10.1007/s005310050285

Seddighi, M., Vaziri-Moghaddam, H., Taheri, A., Ghabeishavi,
A., 2012. Depositional en vi ron ment and con strain ing fac tors on
the fa cies ar chi tec ture of the Qom For ma tion, Cen tral Ba sin,
Iran. His tor i cal Bi ol ogy, 24: 91–100;
https://doi.org/10.1080/08912963.2011.580434

Serra-Kiel, J., Mar tin-Mar tin, M., El Mamoune, B., Mar -
tin-Algarra, A., Mar tin-Perez, J.A., Tosquella, J., Frrandez-
Canadell, C., Serrano, Y.F., 1998. Bioestratigraphia y
lithostratigraphic del Paleogeno del area de Si erra Espuna
(Cor dil lera Betica Ori en tal, SE de Espana). Acta GeolÙgica
Hispanica, 31: 161–189.

Seyrafian, A., Torabi, H., 2005. Petrofacies and se quence stra tig -
ra phy of the Qom For ma tion (late Oligocene-early Mio cene?),
north of Nain, a south ern trend of the Cen tral Ira nian Ba sin. Car -
bon ates and Evaporites, 20: 82–90;
https://doi.org/10.1007/bf03175451

Stocklin, J., Setudehnia, A., 1991. Strati graphic Lex i con of Iran
Min is try of In dus try and Mines. Geo log i cal Sur vey of Iran, 18:
1–376.

Taheri, M.R., Vaziri-Mogaddam, H., Taheri, A., Ghabeishavi, A.,
2017. Biostratigraphy and paleoecology of the oligo-Mio cene
Asmari for ma tion in the Izeh zone (Zagros Ba sin, SW Iran).
Boletín de la Sociedad Geológica Mexicana, 69: 59–85;
https://doi.org/10.18268/BSGM2017v69n1a4

Van Buchem, F.S.P., Allan, T.L., Laursen, G.V., Lotfpour, M.,
Moallemi, A., Monibi, S., Motei, H., Pickard, N.A.H.,
Tahmasbi, A.R., Vedvenne, V., Vin cent, B., 2010. Re gional
strati graphic ar chi tec ture and res er voir types of the Oligo-Mio -
cene de pos its in the Dezful Embayment (Asmari and Pabdeh
For ma tions) SW Iran. Geo log i cal So ci ety Spe cial Pub li ca tions,
329: 219–263; https://doi.org/10.1144/SP329.10

Vaziri-Moghaddam, H., Kimiagari, M.,Taheri, A., 2006.
Depositional en vi ron ment and se quence stra tig ra phy of the
Oligo-Mio cene Asmari For ma tion in SW Iran. Fa cies, 52: 41–51;
https://doi.org/10.1007/s10347-005-0018-0

Vaziri-Moghaddam, H., Seyrafian, A., Taheri, A., Motiei, H., 2010. 
Oligocene-Mio cene ramp sys tem (Asmari For ma tion) in the NW
of the Zagros ba sin, Iran: Microfacies, paleoenvironment, and
depositional se quence. Revista Mexicana de Ciencias
GeolÙgicas, 27: 56–71.

Wil son, M.E., Ev ans, M.J., 2002. Sedimentology and diagenesis of
Ter tiary car bon ates on the Mangkalihat Pen in sula, Bor neo: im -
pli ca tions for subsurface res er voir qual ity. Ma rine and Pe tro -
leum Ge ol ogy, 19: 873–900;
https://doi.org/10.1016/S0264-8172(02)00085-5

Wynd, J.G., 1965. Biofacies of the Ira nian Oil Con sor tium Agree -
ment Area. Ira nian Oil Op er at ing Com pa nies Geo log i cal and
Ex plo ra tion di vi sion. Re port no. 1082.

Yazdi-Moghadam, M., Sadeghi, A., Adabi, M.H., Tahmasbi, A.,
2018. Foraminiferal biostratigraphy of the lower Mio cene
Hamzian and Arashtanab sec tions (NW Iran), north ern mar gin
of the Tethyan Sea way. Geobios, 51: 231–246;
https://doi.org/10.1016/j.geobios.2018.04.008

Yazdi-Moghadam, M., Sadeghi, A., Adabi, M.H., Tahmasbi, A.,
2018. Stra tig ra phy of the lower Oligocene num mu lit ic lime -
stones, north of Sonqor (NW Iran). Rivista Italiana di
Paleontologia e Stratigrafia, 124.

Yazdi-Moghadam, M., 2011. Early Oligocene larger foraminiferal
biostratigraphy of the Qom For ma tion, South of Uromieh (NW
Iran). Turk ish Jour nal of Earth Sci ence, 20: 847–856.

https://www.Iranview.com. 2020

Asma Aftabi Arani et al. / Geo log i cal Quar terly, 67: 23 19

https://doi.org/10.7306/gq.1464
https://doi.org/10.1016/S0031-0182(01)00375-3
https://doi.org/10.1046/j.0950-091x.2001.00152.x
https://doi.org/10.1016/S0031-0182(03)00512-1
https://doi.org/10.1016/j.marmicro.2005.10.004
https://doi.org/10.1007/s00531-007-0269-9
https://doi.org/10.1016/S0031-0182(01)00406-0
https://doi.org/ 10.1007/s005310050285
https://doi.org/10.1080/08912963.2011.580434
https://doi.org/10.1007/bf03175451
https://doi.org/10.18268/BSGM2017v69n1a4
https://doi.org/10.1144/SP329.10
https://doi.org/10.1007/s10347-005-0018-0
https://doi.org/10.1016/S0264-8172(02)00085-5
https://doi.org/10.1016/j.geobios.2018.04.008
https://www.Iranview.com. 2020


APPENDIX 1 

 

Qom Formation benthic foraminifera identified in the Kharzan Section 

 

Amphistegina spp., Asterigerina rotula (Kaufmann), Austrotrillina asmariensis Adams, 1968, A. paucialveolata 

Grimsdale, 1952, A. striata Todd & Post, 1954, Bigenerina spp., Bolivina spp, Borelis haueri de Montfort, 1808, B. 

merici Sirel & Gunduz, 1981, B. pygmaea Hanzawa, 1930, Brizalina spp., Bullalveolina spp., Carpenteria spp., 

Cibicides spp., Dendritina rangi Orbigny, emend. Fornasini, 1904, Discorbis spp., Elphidium spp., Eulepidina sp., 

E. dilatata (Michelotti 1861), Glomospira spp., Glomospirella spp., Gypsina spp., Haddonia spp., Halkyardia 

maxima Cimmerman, 1969, Halkyardia spp., Haplophragmium spp., Heterillina spp., Heterolepa spp., 

Heterostegina spp., Idalina spp., Lenticulina spp., Massilina spp., Miogypsinoides spp., Neoeponides spp., 

Neorotalia vienotti Greig, 1935, Nephrolepidina spp., Nodosaria spp., Nummoloculina sp., Operculina complanata 

(Defrance), Peneroplis evolutus Henson, 1950, P. thomasi Henson, 1950, Planorbulina spp., Praerhapidionina 

sp., Pseudolituonella reicheli Marie, 1955, Pyrgo spp., Quinqueloculina spp., Reussella spp., Risananeiza 

pustulosa Boukhary, Kuss and Abdelraouf, 2008, Schlumbergerina spp., Spirolina sp., Spiroloculina spp., 

Sphaerogypsina globulus (Reuss), Textularia spp., Triloculina spp., T. tricarinata d’ Orbigny, 1826, T. trigonula 

(Lamarck), Uvigerina spp., Valvulina sp.1, Valvulina spp. 



APPENDIX 2 
 

Comparison of foraminiferal contents of the Kharzan section with those of adjacent sections 

 

This Study 
Akbar-

Baskalayeh 
et al. (2020) 

Basso et al. 
(2019) 

Yazdi-
Moghadam 
et al., (2018 

a) 

Mohammadi 
and Ameri 

(2015) 
Mohammadi et al. (2015) 

Karavan et 
al. (2014) 

Mohammadi et al. (2013) 
Yazdi-

Moghadam 
(2011) 

Reference 

Kharzan 
section 

Tajar-kuh 
section 

Uromieh 
section 

Sonqor 
section 

Abadeh area 
Khurabad 

section 
Varkan 
section 

Bujan 
section 

Bijgan 
section 

Vidoja 
section 

Ghohroud 
section 

Baranduz 
section 

Name of section 

422 175 93 553 85 300 190 155 145.5 410 325 126 Thickness (m) 

33°24'36"N, 
52°05' 57"E 

34°04'0.1"N, 
51°05'45.3"E 

37º20´35.4˝N, 
44º56´15.6˝E 

34º50´00˝N, 
47º37´10.9˝E 

31°31′26.77″N, 
52°48′36.46″E 

34°30′53″N, 
50°56′58″E 

33°41′29N, 
51°04′54″E 

29°26′04″N, 
55°59′27″E 

34°03'47"N, 
50°46'16"E 

33º51´31"N, 
51º09´14"E 

33º37´44"N, 
51º24´24"E 

37º20.59´N, 
44º56.26´E 

Coordinates 
(latitude; longitude) 

Chattian 
late Rupelian 

to early 
Chattian 

Rupelian 
early 

Rupelian 
Rupelian- 
Chattian 

Rupelian–
Burdigalian 

Rupelian 
Rupelian–
Chattian 

Rupelian–
Chattian 

Rupelian 
Rupelian–
Chattian 

early–
middle 

Rupelian 
Age 

            Genera/species 

    *        Lepidocyclinids 

  *  * * * * * * *  Nummulites sp. 

  * *  * *   * *  Nummulites vascus 

        *  * * 
Nummulites sp. cf. N. 
vascus 

  * *   * * * * *  Nummulites fichteli 

*  *  *  * * * *  * Heterostegina sp. 
  *  * * *  * * * * Operculina sp. 

*    * * * * * * *  Amphistegina sp. 

  *  *     * *  Peneroplis sp. 

    *  * *  *   Archaias sp. 

*   * * * * * * * *  Textulariids 

*  * * * * * * * * *  Miliolids 

    *        Rotaliids 

*    *  * * * * *  Neorotalia  viennoti 
*  *  *       * Planorbulinids 

 *           Nummulites bormidiensis 
 *           Nummulites kecskemetii 
 *           Heterostegina assilinoides 

 *           
Nephrolepidina 
praemarginata 

 *           
Nephrolepidina 
praemarginata 

 *           
Eulepidina ex. interc. 
formosoides et dilatata 

 *        *   Planolinderina sp. 

*     * * * * * *  Nephrolepidina sp. 

         *   
Nephrolepidina sp. cf. N. 
marginata 

     * * *   *  Nephrolepidina tournoueri 

*     * * * * * *  Eulepidina sp. 

*       * *  *  Eulepidina dilitata 

      * * * * *  Austrotrillina howchini 



*        *    Bigenerina sp. 

  * *  * * * * * * * Neorotalia sp. 

     * * * * * *  Lepidocyclina sp. 

*   *  * * * * * * * Operculina complanata 

        *    
Peneroplis sp. cf. P. 
evolutus 

*      *  *  * * Peneroplis thomasi 

      * *  *   Sphaerogypsina sp. 

*  *    *  *    Sphaerogypsina globulus 

*     * *  * * *  Elphidium sp. 

*        * * *  Discorbis sp. 

*      * * * * *  Borelis pygmaea 

       *     Archaias kirkukensis 

*  *      * * * * Borelis sp. 

*   *     * * *  Valvulinid 

         *   Globigerina angulisuturalis 

         *   Globorotalia opima 

        *    Peneroplis farsensis 

  * *        * Penarchaias glynnjonesi 

*  * *         Halkyardia maxima 

  * *        * Praerhapydionina delicata 

*            Praerhapydionina sp. 

*  *          Haddonia sp. 

  *          Asterigerinoidea 

  *          Victoriella sp. 

*  *    * *  *  * Dendritina rangi 

         * *  Dendritina sp. 

           * Neorotalia lithothamnica 

         *  * Asterigerina sp. 

   *        * Planorbulina bronnimanni 

           * Victoriella conoidea 

           * Halkyardia minima 

           * Globigerina praebulloides 

           * Globigerina tripartita 

           * Paragloborotalia nana 

           * Chiloguembelina cubensis 

           * Subbotina yeguaensis 

           * 
Nummulites sp. cf. N. 
fichteli 

           * 
Spirolina sp.cf. S. 
cylindracea 

   *        * Bullaveolina sp. 

         *   Globigerina sp. 

     * * *  * * * Austrotrillina sp. 

*   *         Asterigerina rotula 

   *         Discogypsina discus 

   *         Gypsina mastelensis 

   *         Stomatorbina concentrica 

   *         
Austrotrillina sp. aff. A. 
paucialveolata 

   *         Haddonia heissigi 



   *         Carpenteria sp. 

   *         Eponides sp. 

*            Neoeponides sp. 

   *         Planulina sp. 

   *         Lobatula sp. 

   *         Stomatorbina concentrica 

   *         Discogypsina discus 

*            Gypsina sp. 

*            Risananeiza pustulosa 

*         * *  Peneroplis evolutus 

*            
Austrotrillina 
paucialveolata 

*         *   Lenticulina sp. 

*            Idalina sp. 

*      * *     Borelis haueri 

         *   Sorites sp. 

*       *  * *  Austrotrillina asmariensis 

         *   
Globigerinoides 
ciperoensis 

         *   
Globigerinoides sp. cf. G. 
subquadratus 

*            Nodosaria spp. 

*            Miogypsinoides spp. 

*         *   Austrotrillina striata 

*            Bolivina spp. 

*            Brizalina spp. 

*            Halkyardia spp. 

*            Pseudolituonella reichelli 

*            Uvigerina spp. 

*         *   Schlumbergerina sp. 

*            Heterolepa spp. 

*            Glomospira spp. 

*      *      Haplophragmium sp. 

*      *      Cibicides sp. 

*            Reussella sp. 

*            Borelis merici 

*            Glomospirella spp. 

*            Nummoloculina sp. 

*            Spirolina sp. 

 
 



 

APPENDIX 3 

 

Facies identified in the Kharzan section 

 

Facies 
no. 

Facies type Components Depositional environment 

Mf1 Marl or silty marl Benthic foraminifera (miliolids) and ostracods Restricted lagoon 

Mf2 Silty mudstone 
Limy mudstone matrix with scattered silt-sized detrital 

quartz grains 
Restricted lagoon 

Mf3 
Imperforate foraminiferal 
wackestone-packstone 

Porcellaneous foraminifera (miliolids, Borelis, 
Dendritina, Austrotrillina, Peneroplis) in a micritic 

matrix, coralline red algae, echinoderms, agglutinated 
foraminifera, ostracods, gastropods, and bivalves, 

sporadic quartz (10–15%) 

Restricted lagoon 

Mf4 
Imperforate foraminiferal 

packstone-grainstone 

Imperforate foraminifera (miliolids, peneroplids, and 
alveolinids),  red algal fragments, gastropods, bivalves, 

echinoids, and foraminifera with agglutinated shells. 
peloids and detrital quartz grains may reach 10% 

Lagoon 

Mf5 
Red algal-foraminiferal 
packstone-grainstone 

Hyaline-walled foraminifera (Amphistegina, Neorotalia, 
Asterigerina, and swollen and small Lepidocyclinidae, 

Elphidium), imperforate foraminifera (miliolids), 
coralline red algae, bryozoans, coral, echinoderms, 
ostracods, gastropods, bivalves, and agglutinated 

foraminifera. 

Open marine lagoon 

Mf6 Coral boundstone 
About 90% colonial corals, foraminifera (miliolids and 

Borelis) 
Patch reefs, in lagoon 

settings 

Mf7 
Coralline red algal-coral 

packstone-rudstone 

Red algae and corals, Hyaline-walled benthic 
foraminifera (Amphistegina, and Lepidocyclina), 

echinoderm fragments, bivalves, and bryozoans larger 
than 2 mm in size 

The lower part of the reef 
belt and the upper part of 

the slope 

Mf8 
Perforate foraminiferal 
wackestone-packstone 

Perforated foraminifera (Eulepidina), Heterostegina, 
Operculina, Neorotalia, Amphistegina),  bryozoans, 

echinoderms, ostracods, gastropods, bivalves, 
coralline red algae 

The lower part of a slope 

 




