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Foraminifera, ammonites, and cal car e ous dinoflagellates were used for stra tig ra phy and, to gether with microfacies, for the
as sess ment of the palaeoenvironmental con di tions of the Up per Ju ras sic de pos its in the cen tral Alborz Zone of north ern
Iran. The Lar For ma tion (Lar Fm.) in the Polur sec tion is of lat est Oxfordian to early Kimmeridgian age. The ammonite
Subnebrodites planula and the cal car e ous dinoflagellate Colomisphaera nagyi have been in tro duced as new biomarkers of
the lower Kimmeridgian in the cen tral Neo-Tethys. The dis tri bu tion of cal car e ous dinoflagellates re flects pos si ble dis persal
routes along a nar row sea way be tween the west ern Neo-Tethys and the Alborz Zone in the cen tral Neo-Tethys. The
Terebella-Crescentiella as so ci a tions of the Lar Fm. rep re sent a low-en ergy set ting un der dysoxic con di tions in the Cen tral
Neo-Tethys Ocean. The ben thic foraminiferal as sem blages in this for ma tion show a high dom i nance of infaunal taxa and
r-se lected strat e gists. This as sem blage is rem i nis cent of eutrophic con di tions and low ox y gen lev els in the lower part of the
Lar Fm. Good pres er va tion of the hexactinellid sponges in the up per part of the Lar Fm. also in di cates an ox y gen-min i mum
zone. Three third-or der depositional se quences can be dis tin guished in the study area based on six microfacies.
Depositional se quence 1 (DS1) is com posed mainly of ar gil la ceous lime stone and me dium- to thick-bed ded lime stone, cor -
re spond ing to an outer ramp-to-mid dle ramp en vi ron ment. Depositional se quence 2 (DS2) com prises brec cia lime stone and
thick-bed ded lime stone fa cies in its lower part and thin-bed ded lime stone to mas sive lime stone in its up per part. The brec cia
lime stone fa cies may be as so ci ated with subaerial ex po sure and re work ing of pre vi ously de pos ited sed i ment dur ing a rel a -
tive sea level fall. The thin-bed ded lime stone to mas sive lime stone of DS2 con sists mainly of bioclastic mudstone to
wackestone (outer ramp). These rep re sent an deep-wa ter outer homoclinal ramp fa cies. Depositional se quence 3 (DS3)
con sists mainly of mas sive lime stone to thick-bed ded lime stone with a bioclastic peloidal mi cro bial Crescentiella packstone
(mid dle ramp). The rel a tive strati graphic po si tions of DSs1–3 and se quence bound aries in the up per most Oxfordian to lower
Kimmeridgian of the Polur area show a fair match to the up per Oxfordian to lower Kimmeridgian se quences (JOx7, JOx8,
JKi1 and JKi2) on the global sea level curve.
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stra tig ra phy, Alborz Zone, Iran.

INTRODUCTION

The Late Ju ras sic in ter val rep re sents a pe riod of ma jor sea
level fluc tu a tions in the Neo-Tethys Ocean (Gerdes et al.,
2010). The global sea level curve by Haq (2018) re veals a
long-term trans gres sion from the Bajocian/Bathonian tran si tion
to the late Kimmeridgian/early Volgian. Gradstein et al. (2017)
sug gested that the sea level in the Late Ju ras sic was 80 or
more metres higher than the pres ent level, re flect ing rift ing in

the Cen tral Atlantic and pro duc ing abun dant deep-wa ter fa cies
in ma rine se quences. Ammonites, cal car e ous dinoflagellates
and plank tonic and ben thic foraminifera were widely dis trib uted
fos sil groups of the Neo-Tethys Ocean in the Late Ju ras sic and
have con sid er able strati graphic im por tance (Moliner and Olóriz, 
2009; Reháková et al., 2011; Sarfi and Yazdi-Moghadam.,
2016; Gradstein et al., 2017). Our re search pro vides new
biomarkers and new in sights into the stra tig ra phy and de tailed
char ac ter is tics of ammonites and cal car e ous dinoflagellates in
the Up per Ju ras sic of the cen tral Neo-Tethys. In our study, ag -
glu ti nated and plank tonic foraminifera, mi cro-encruster as so ci -
a tions and hexactinellid sponges are used as in di ca tors of
palaeobathymetry and/or or ganic car bon flux, while bi otic and
sed i men tary prox ies help as sess chang ing depositional con di -
tions. Ma rine Up per Ju ras sic lime stones (Lar Fm.) are widely
dis trib uted in north ern Iran within the Alborz Zone (Fig. 1A) and
en able study of the dis tri bu tion of micro fauna and microfacies
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that can then be placed in a se quence-strati graphic frame work.
While many pre vi ous stud ies have fo cused on the palaeonto -
logical and strati graphic as pects of the Up per Ju ras sic de pos its
(Lar Fm.) of the north of Iran (e.g., Assereto, 1966; Seyed -
-Emami et al., 1995; Naderi, 2002; Majidifard, 2008; Aghaei et
al., 2012; Daneshian and Saleh, 2020), only a few de tailed in -
ves ti ga tions on sedimentology and se quence stra tig ra phy have 
been at tempted (Fathi and Mosaddegh, 2012; Daneshian et al., 
2021). How ever, study of the depositional fa cies and the se -
quence-strati graphic frame work im prove knowl edge of the Lar
Fm., and gen er ally of the Up per Ju ras sic de pos its in the Mid dle
East. The ob jec tives of this re search are: 

– to re fine  the biostratigraphy of the Ju ras sic de pos its in the
cen tral Neo-Tethys by means of plank tonic and ben thic ag -
glu ti nated foraminifera, ammonites, and cal car e ous dino -
flagellate cysts; 

– to doc u ment the changes in the ben thic and plank tonic
foraminiferal as so ci a tions, mi cro-encruster as so ci a tions,
and sponges as a re sult of changes in en vi ron men tal con di -
tions; 

– to de fine a se quence-strati graphic frame work for the Up per
Ju ras sic de pos its in the cen tral Neo-Tethys.

2 Zahra Saleh and Daniela Reháková / Geological Quarterly, 2023, 67: 15

m

Fig. 1A – geo log i cal map of the Alborz Zone show ing the dis tri bu tion of the Me so zoic de pos its (mod i fied af ter Muttoni et al.,
2009); B – geo log i cal con text for the Polur sec tion of the Lar Fm. and K2 rock unit in the Alborz Zone, north Iran 

(mod i fied af ter Vahdati-Daneshmand, 1997)
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GEOLOGICAL SETTING

GENERAL GEOLOGY

Ac cord ing to Stöcklin (1968), Iran can be di vided into a
num ber of zones (the Kopet-Dagh Zone, the Makran and east -
ern Iran Zones, the Alborz Zone, the Zagros Zone, the
Sanandaj-Sirjan Zone, the Lut Block, the Urumieh-Dokhtar
Zone, and Cen tral Iran). One sec tion, at Polur (35°48’38"N,
52°03’19"E) was cho sen for as sess ment of chang ing depo -
sitional con di tions in the Up per Ju ras sic de pos its (Lar Fm.) of
the cen tral Neo-Tethys. The Polur sec tion is lo cated near the
city of Polur in the cen tral part of the Alborz Zone, south of
Mount Damavand and ~88 km north-east of Teh ran (Fig. 1B).
The Polur sec tion in cludes an in clined syncline axis and a fault
that cuts the Up per Ju ras sic strata. The Alborz Zone, north ern
Iran, is a chain of moun tains along the south ern side of the Cas -
pian Sea that was pro duced by the col li sion of Iran with Eur asia
(Zanchi et al., 2006). The north ern bound ary of the Alborz Zone
co in cides with the south ern side of the Cas pian Ba sin (Bar rier
and Vrielynck, 2008). There is no clear bound ary in the south of
the Alborz Zone, and the tran si tion from cen tral Iran to the
Alborz plate is grad ual (Bar rier and Vrielynck, 2008). This zone
has a length of ~600 km and a width of 100 km and ex tends
from the Talesh Moun tains in north west ern Iran to the Binaloud
Moun tains in the north-east (Bar rier and Vrielynck, 2008).

GEODYNAMIC SETTING OF THE ALBORZ ZONE 
DURING THE LATE JURASSIC

Dur ing the Late Ju ras sic, the Lar Fm. was de pos ited in a
ramp en vi ron ment (Daneshian et al., 2021), but dur ing the
Tithonian and Berriasian (Fig. 2), the sea re treated and the first

ma jor tec tonic up lift as so ci ated with the Late Cim mer ian orog -
eny oc curred (Aghanabati, 2004; Daneshian et al., 2021). The
Late Cim mer ian tec tonic event was trig gered by a back-arc rift
sys tem on the Cim mer ian microcontinent (Bochud, 2011). This
event cre ated ma jor faults and frac tures in the Lar Fm.
(Aghanabati, 2004; Daneshian et al., 2021); it co in cides with in -
ver sion of the Alborz Moun tains (Shahidi et al., 2008).

METHODS

A to tal of one hun dred and sev enty-three sam ples were col -
lected from 450 m of the Up per Ju ras sic de pos its of the Lar Fm.
and the Dalichai For ma tion (Dalichai Fm.) with a sam pling dis -
tance of 2–3 m. The il lus tra tions and def i ni tions of Loeblich and
Tappan (1988), Reháková (2000a, b), Reháková et al. (2011),
Majidifard (2008), Schweigert and Kuschel (2017), Bakhmutov
et al. (2018) and Kowal-Kasprzyk et al. (2020) were used for the 
de ter mi na tion of foraminifera, dinoflagellate cysts, and ammo -
nites. The tex tures of the car bon ate de pos its were de scribed
us ing the clas si fi ca tions of Dun ham (1962), Embry and Klovan
(1971) and Wright (1992). In ter pre ta tions of microfacies and
depositional en vi ron ments are based on Flügel (2010). Rel a tive 
sea level vari a tions have been in ter preted based on changes in
microfacies and depositional en vi ron ment based on stan dard
fa cies clas si fi ca tions (e.g., Wil son, 1975; Flügel, 2010). Data
from these stud ies were then used to de lin eate a se quence -
-strati graphic frame work us ing cri te ria de scribed by Hunt and
Tucker (1992, 1995) and Catuneanu et al. (2011). Palaeo eco -
logi cal meth ods in clude the use of ag glu ti nated and cal car e ous
foraminifera morphogroups. The ag glu ti nated foraminiferal
morpho group scheme used in the study is mostly based on the
work of Jones and Charnock (1985), Cetean et al. (2011) and
Nagy and Hendrickson (2022).
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Fig. 2. Chronostratigraphic chart (af ter Ogg et al., 2016) and strati graphic col umns of the Up per Tri as sic 
to Up per Cre ta ceous of the Alborz Zone (mod i fied af ter Aghanabati and Rezaie, 2009)
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RESULTS

LITHOSTRATIGRAPHY

The type sec tion of the Lar Fm. was first de scribed by
Assereto (1966) from the north-east of Garmabdar vil lage, cen -
tral Alborz Zone, north ern Iran, though so far it has not been
mea sured. Ac cord ing to Assereto (1966), the age of the Lar
Fm. is Oxfordian to Kimmeridgian based on ammonites. The
main sed i men tary en vi ron ments of this for ma tion were ma rine
car bon ate plat forms and ramps.

In strati graphic or der, the Polur sec tion con sists of the
Shemshak Group (Up per Tri as sic to Lower Ju ras sic), the
Dalichai Fm. (Mid dle to Up per Ju ras sic), the Lar Fm. (up per -
most Oxfordian to lower Kimmeridgian), and the K2 rock unit
(mid dle-up per Coniacian to Santonian?; Figs. 2 and 4). The Lar
Fm. con form ably over lies the Dalichai Fm. (Fig. 3A). The boun -
d ary be tween these two for ma tions has been drawn be tween
the marly lime stone level of the Dalichai Fm. (Fig. 3B), which is
rich in ammonites (Fig. 3D–F), and the me dium-bed ded lime -
stone level of the Lar Fm with com mon chert nod ules (Fig. 3A,
C). The Lar Fm. is ~390 m thick and is in for mally sub di vided
into a �lower unit� char ac ter ized by al ter nat ing me dium-bed ded
and thick-bed ded lime stone along with brec cia lime stone, chert
nod ules and karstification, a “mid dle unit” that is dom i nated by
thin-bed ded lime stone, and an “up per unit” con sist ing of mas -
sive and thick-bed ded lime stone along with chert nod ules and
per va sive karstification (Fig. 4C). The up per and lower units of
the Lar Fm. have been af fected by var i ous diagenetic and tec -
tonic pro cesses such as ce men ta tion, dis so lu tion, frac tur ing,
dolomitization, and dedolomitization. The mid dle unit of the Lar
Fm. shows less diagenesis com pared to the up per and lower
parts of the Lar Fm. The up per most part of the Lar Fm. is
faulted and the bound ary with the K2 rock unit has been drawn
where this fault is lo cated (Fig. 4B). 

BIOSTRATIGRAPHY

The microfossils of the Polur sec tion in clude mainly plank -
tonic and ben thic foraminifera, skel e tal frag ments of Sacco -
coma plank tonic cri noids, cal car e ous dinoflagellate cysts and
Bositra microfilaments. The microfossils are gen er ally poorly
pre served in the Lar Fm. due to se vere epigenic karstification
and sig nif i cant tec tonic ac tiv ity. How ever, in the Polur sec tion,
we found sev eral foraminifera (Ammobaculites, Bullopora,
Eomarsso nella, Reophax, Globuligerina oxfordiana). The ben -
thic foraminifera doc u mented do not of fer a high-res o lu tion
zonation, a con se quence of the slow rate of evo lu tion of ben thic 
foraminifera and the lack of a con tin u ous plank tonic fora -
minifera re cord. How ever, within the Alborz Zone, the dis tri bu -
tion of the foraminifera pro vides a fair ba sis for biostratigra phy
(Sarfi and Yazdi-Moghadam, 2016). To im prove the bio strati -
gra phy, ammonites have also been used in this re search be -
cause Ju ras sic ammonites al low ef fec tive biostratigra phic zo -
nation and cor re la tion in the lower Kimmeridgian (Moliner and
Olóriz, 2009).

Based on the foraminifera, ammonites and cal car e ous
dino flagellate cysts, the age of strata of the up per part of the
Dalichai and the Lar for ma tions can be at trib uted to the late
Oxfordian to early Kimmeridgian (Figs. 5 and 6).

UPPERMOST OXFORDIAN-KIMMERIDGIAN

Globuligerina oxfordiana, a plank tonic foraminiferal spe -
cies, has been re corded in ar gil la ceous lime stone at the top of
the Dalichai Fm. (Figs. 5A–E and 6) and the base of the Lar Fm. 
Globuligerina oxfordiana com monly oc curs in the Bajocian
through the early Tithonian in ter val (Gradstein et al., 2017). In
Iran and Syria (Kuznetsova et al., 1996), Globuligerina oxfordia -
na has been re corded in uppermost Oxfordian strata and usu -
ally is en coun tered at the top of the Dalichai Fm. (Majidifard,
2008). In the Polur area, Orthosphinctes, which in di cates an
Oxfordian-Kimmeridgian age, oc curs in the up per most of the
Dalichai Fm., very close to the bound ary be tween the Dalichai
and the Lar for ma tions (Fig. 3F); there fore, based on these two
fos sils, we at trib ute a lat est Oxfordian-ear li est Kimmeridgian
age to the top of the Dalichai Fm. and the base of the Lar Fm. 

LOWER KIMMERIDGIAN 

The base of the Lar Fm. is marked by the dis ap pear ance of
Globuligerina oxfordiana. The ammonite spe cies Subnebro -
dites planula, the in dex spe cies for the early Kimme ridgian
Planula Zone (Schweigert and Kuschel, 2017), has been found
at the top of the Lar Fm., very close to the bound ary be tween
the Lar Fm. and the K2 rock unit (Figs. 4A and 5N); there fore,
the age of the Lar Fm. is lat est Oxfordian-ear li est Kimmeridgian
at the base, and early Kimme ridgian at the top of the for ma tion.
Colomisphaera nagyi as a cal car e ous dinoflagellate has been
found above Globuligerina oxfordiana in the lower part of the
Lar Fm. The first oc cur rence of Colomisphaera nagyi has been
doc u mented from up per Kimmeridgian de pos its (Reháková,
2000a; Ivanova, et al., 2008); there fore, the po ten tial first ap -
pear ance of Colomisphaera nagyi in the Polur sec tion dur ing
the early Kimmeridgian could be sig nif i cant (Fig. 5F, G). The oc -
cur rence of the early Kimmeridgian Planula Zone in the up per
part of the Lar Fm. and above Colomisphaera nagyi in di cates
that the spe cies Colomisphaera nagyi was al ready pres ent in
the early Kimmeridgian. On the other hand, tra di tion ally in the
Up per Ju ras sic de pos its of Iran, the foraminifer Alveosepta
jaccardi has been used as an in di ca tor of the late Oxfordian-
 early Kimmeridgian time in ter val (Sarfi and Yazdi-Moghadam,
2016). In the Polur sec tion, Alveosepta jaccardi has not been
doc u mented, prob a bly due to stress ful en vi ron men tal con di -
tions that pre vailed dur ing the de po si tion of the Lar Fm. Smaller
ben thic foraminifera, how ever, can suc cess fully thrive in a
stress ful en vi ron ment (Sarfi and Yazdi-Moghadam, 2016).
Ammobaculites, Bullopora, Eomarssonella and Reophax have
been iden ti fied (Fig. 5H–J) above Colomisphaera nagyi. Else -
where in Iran, these are com monly as so ci ated with Alveosepta
jaccardi and there fore sup port an early Kimmeridgian age. 

MICROFACIES AND DEPOSITIONAL 
ENVIRONMENT

Microfacies is de fined as “...the to tal ity of all sedimento -
logical and palaeontological data that can be de scribed and
clas si fied from thin-sec tions...” (Flügel, 2010). In the study area, 
depositional tex tures were used to de lin eate six microfacies
(MF), based on which as so ci ated depositional en vi ron ments
within the Lar Fm. were de fined (Fig. 7). 
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Fig. 3A – Na ture of the con tact of the Dalichai Fm. with the over ly ing Lar Fm., Polur area; the con tact can be dis tin guished in the
field by changes in li thol ogy from marly lime stone to me dium-bed ded lime stone; the up per part of the Dalichai Fm. is marked by a
dashed pink line and the lower part of the Lar Fm. is marked by a solid red line; B – an over view of the up per part of the Dalichai Fm.; 
C – an over view of the lower part of the Lar Fm.; D, E – up per most Oxfordian-low est Kimmeridgian? ammonite in the Dalichai Fm.;
F– Orthosphinctes close to the bound ary be tween the Dalichai and Lar for ma tions 



MF-A, DOLOMITIC SPARSTONE (MIDDLE RAMP)

Do lo mite is struc tur ally de struc tive and largely mod i fies ear -
lier fea tures. Based on the size of crys tals and crys tal bound -
aries in the Polur sec tion, three re place ment do lo mite tex tures
were rec og nized (Fig. 7A1–A6). Replacive do lo mite 1 (RD1)
forms small (40–100 mm) euhedral crys tals with pla nar crys tal
bound aries that re place the orig i nal ones. This type of do lo mite
dis plays a red colour if viewed with cathodoluminescence (CL)
mi cros copy (Fig. 7A3). Replacive do lo mite 2 (RD2) forms small
to me dium-sized (40–250 mm) euhedral crys tals that re place a
large amount of the orig i nal rock fab ric. Crys tal bor ders show
bright or ange lu mi nes cent rims un der CL mi cros copy (Fig. 7A4) 
but the crys tal cen tres show red lu mi nes cence. Replacive do lo -
mite 3 (RD3) forms me dium to coarse (250–300 mm) euhedral
to anhedral crys tals that re place pre ex ist ing lime stone or are a
prod uct of recrystallization of ear lier formed do lo mite (Fig. 7A5). 
Crys tal bor ders show bright or ange lu mi nes cent rims un der CL
mi cros copy. Their dis tri bu tion is closely re lated to un con formi -
ties, be ing lo cated near se quence bound aries. 

Tak ing into ac count the find ings of Daneshian et al. (2021)
that dolomitic sparstone of the Lar Fm. in the Marghsso sec tion
was formed in a mid-ramp en vi ron ment in high-en ergy con di -
tions, it can be in ferred that the dolomites in the study area be -
long to a high-en ergy and mid-ramp car bon ate plat form. Be -
sides, this microfacies is lo cated close to a mi cro bial as so ci a -
tion and there is no ev i dence of a la goonal en vi ron ment.
Kýrmacý (2013) showed that replacive dolomites were formed
at shal low-in ter me di ate burial depths.

MF-B, INTRACLASTIC BIOCLASTIC WACKESTONE
 TO PACKSTONE (MIDDLE RAMP)

This microfacies is char ac ter ized by abun dant intraclasts
(car bon ate sed i ment that has been eroded, re de pos ited, and

de rived from other microfacies) and bioclasts in clud ing frag -
ments of brachi o pods, ostracods, bi valves, bryo zoans, fora -
minifera, recrystallized radio lar ians and rare mi cro bial encrusta -
tions. Do lo mite can be ob served lo cally (Fig. 7B). The sur faces
of subangular intraclasts are com monly coated by mi cro bial en -
ve lopes. A cyst of Colomisphaera nagyi was found in this
microfacies.

MF-C, BIOCLASTIC PELOIDAL MICROBIAL CRESCENTIELLA
PACKSTONE TO GRAINSTONE (MIDDLE RAMP)

This microfacies con tains abun dant de tri tal ma te rial bound
by microbialites, with ubiq ui tous frag ments of Crescentiella
morronensis ac com pa nied by Terebella lapilloides, coated
grains and abun dant peloids (Fig. 7C1). The peloids are char -
ac ter ized by dif fer ent sizes, oc cur ring ir reg u larly in packstone to 
grainstone tex tures and con trib ut ing to mi cro bial as so ci a tions.
The oncoids are char ac ter ized by large sizes in packstone to
grainstone tex tures and are as so ci ated with Crescentiella
morro nensis. Bioclastic el e ments in clude bryo zoans, echinoids, 
cri noids, brachi o pods, sponges, recrystallized radio lar ians and
ben thic foraminifera (Reophax). In places, sponge-mi cro bial
float stones can be ob served where peloids are less abun dant
than sponges (Fig. 7C2). Crescentiella morronensis pro duced a 
�ro bust� (Figs. 7C and 8G) thick wall typ i cal of shal low-wa ter
con di tions (Leinfelder, 2001). 

MF-D, BIOCLASTIC MICROBIAL PELOIDAL PACKSTONE 
TO GRAINSTONE (MIDDLE RAMP)

Cal ci fied sponges, brachi o pod frag ments, echinoids and
bryo zoans are ob served within this microfacies. Abun dant
peloids and a few mi cro bial or gan isms (Terebella and
Crescentiella) are other as so ci ated non-skel e tal grains (Fig.
7D). The peloids are char ac ter ized by dif fer ent sizes, ir reg u larly
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Fig. 4A – an over view of the Kimmeridgian lime stone in the Lar Fm.; the up per part of the Lar Fm. is marked by a solid yel low line
and the lower part of the K2 rock unit is marked by a solid red line; B – close-up views of the bound ary be tween the Lar Fm. and K2
rock unit in the Polur sec tion; the bound ary be tween the Lar Fm. and K2 rock units is marked by a solid or ange line and a fault; C –
karst cav i ties in the up per most part of the Lar Fm.
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Fig. 5A–D – Globuligerina oxfordiana (Grigelis) sam ple no. 14; E – Globuligerina oxfordiana (Grigelis), sam ple no. 24; F –
Colomisphaera nagyi (Borza), sam ple no. 33; G – Colomisphaera nagyi (Borza), sam ple no. 34; H – Ammobaculites, sam ple no. 66;
I – Eomarssonella, sam ple no. 103; J – Reophax, sam ple no. 149; K – Hexactinellid sponge, sam ple no. 166; L – Terebella lapilloides
Münster sam ple no. 36; M – Hexactinellid sponge, sam ple no. 156; N – Subnebrodites planula close to the bound ary be tween the Lar
Fm. and K2 rock unit (lower Kimmeridgian); O – Orthosphinctes in the up per most part of the Lar Fm. (lower Kimmeridgian)

scale bars: A–G – 50 mm; H–J, L –100 mm, K–M – 500 mm; A–E: Dalichai Fm.,

up per most Oxfordian – low est Kimmeridgian; F–M: Lar Fm., lower Kimmeridgian



pres ent in packstone to grainstone tex tures and con trib ut ing to
mi cro bial as so ci a tions. Crescentiella morronensis in this micro -
facies show thin ner walls (Fig. 8H, I), which im plies in creas ing
wa ter depth (Leinfelder, 2001).

MF-E, BIOCLASTIC MUDSTONE 
TO WACKESTONE (OUTER RAMP)

These de pos its de vel oped as mudstones and bioclastic
wackestones. Bioclastic el e ments in clude thin shells of brachi o -
pods, bryo zoan frag ments and tubes of Terebella. Fora minifera 
in clud ing Ammobaculites, Bullopora, and Eomarsso nella are
ob serv able within this microfacies (Fig. 7E). Hexa ctinellid spon -

ges are pres ent lo cally. This microfacies is most com monly ob -
served in thick-bed ded lime stone. Be cause of the good pres er -
va tion of the hexactinellid sponges within this micro facies, it
may have formed in a low-en ergy basinal en vi ron ment (Flügel,
2010).

MF-F, BIOCLASTIC RADIOLARIAN-RICH PELAGIC BIVALVE
WACKESTONE TO PACKSTONE (OUTER RAMP)

This fa cies oc cu pies the lower part of the sec tion. Micrite
ma trix with com mon to abun dant pe lagic macrofossils (fil a -
ments, pe lagic bi valves), skel e tal el e ments of plank tonic cri -
noids (Saccocoma sp.) and microfossils (cal ci fied radio lar ians,
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Fig. 6. Ver ti cal dis tri bu tion of microfacies and palaeoenvironmental and se quence-strati graphic in ter pre ta tion of the Lar Fm. 
at the Polur sec tion of the Alborz Moun tains, as well as dis tri bu tion of in dex microfossils in the Lar Fm., Polur section

https://doi.org/10.1007/978-1-4615-1219-6_8
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sponge spicules, and plank tonic foraminifera; Fig. 7F) are char -
ac ter is tic of this microfacies, while Globuligerina oxfordiana is
one of the dom i nant microfossils. The lack of ben thic fauna and
the very dark colour of the thin-bed ded and lam i nated mud -
stone in di cate low-ox y gen con di tions on the seafloor where or -
ganic mat ter was pre served and bioturbation was ab sent.

Field ob ser va tions il lus trate very grad ual ver ti cal and lat eral
changes in the car bon ate microfacies, thus im ply ing grad ual
changes in palaeobathymetric re lief (Burchette and Wright,
1992). In the ab sence of slumps and grav i ta tional de pos its, a
homoclinal car bon ate ramp model is pro posed for the Polur
sec tion (Fig. 8).

DEPOSITIONAL SEQUENCES

Depositional se quences (DSs) were de fined ac cord ing to
the ap proach de scribed by Hunt and Tucker (1992, 1995),

Strasser et al. (1999) and Catuneanu et al. (2011). In this con -
cep tual se quence-strati graphic model, a com plete depositional
se quence (DS) con sists of a fall ing-stage sys tems tract (FSST), 
a lowstand sys tems tract (LST), a transgressive sys tem tract
(TST) and a highstand sys tems tract (HST). The six microfacies 
of the Lar Fm. were used to de fine stack ing pat terns. Three
depositional se quences (DS) can be de fined rang ing in age
from latest Oxfordian to early Kimmeridgian (Fig. 6). Up per
bound ing sur faces (se quence bound aries – SB) were de lin -
eated for each of DSs1–3 at the top of the HST. Lower bound -
ing sur faces were ob served at the base of the TST in all other
cases. No where was a FSST ob served (Fig. 6). The ab sence of 
a FSST is due to a lack of sed i ment ac cu mu la tion dur ing rel a -
tive sea- evel fall in forced re gres sion (Bradshaw and Nel son,
2004). Here, max i mum flood ing zones (MFZs) were de fined at
the most dis tal fa cies in stead of at max i mum flood ing sur faces
(MFS) be cause no clear sur faces were ex posed.

Zahra Saleh and Daniela Reháková / Geological Quarterly, 2023, 67: 15 9

4.7

A1

B

C2 D E F

A2 A3 A4

A5 A6 C1

Fig. 7. The two depositional en vi ron ments of the homoclinal ramp depositional sys tem of the Lar Fm. in the Polur sec tion (Fig. 1)
and the six as so ci ated microfacies. The six microfacies are A1 – MF-A, dolomitic sparstone; A2 – MF-A, dolomitic sparstone; A3 –
MF-A, cathodoluminescence (CL) im age of Type-1 replacive do lo mite (RD1) in the Lar Fm.; A4 – MF-A, Cathodoluminescence (CL)
im age of Type-2 replacive do lo mite (RD2) in the Lar Fm.; A5 – MF-A, Cathodoluminescence (CL) im age of Type-3 replacive do lo mite
(RD3) in the Lar Fm.; A6 – MF-A, a sche matic rep re sen ta tion of RD1, 2, 3 in the Lar Fm.; B – MF-B, an intraclastic bioclastic
wackestone to packstone; C1 – MF-C, a bioclastic peloidal mi cro bial Crescentiella packstone; C2 – MF-C, a bioclastic peloidal mi -
cro bial Crescentiella packstone with sponges; D – MF-D, a bioclastic mi cro bial peloidal packstone to grainstone; E – MF-E, a
bioclastic mudstone to wackestone; F – MF-F, a bioclastic radiolarian-rich pe lagic bi valve wackestone to packstone
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DEPOSITIONAL SEQUENCE 1 

In the Polur sec tion, the Lar Fm. over lies the Dalichai Fm.
(Fig. 6), while in the ar eas ad ja cent to the Marghsoo sec tion, it
over lies the Shemshak Group. DS1 in the Polur sec tion is rep -
re sented only by its highstand de pos its (HST). It com prises ar -
gil la ceous lime stone in its lower part (top of the Dalichai Fm.),
pass ing into me dium-to thick-bed ded lime stone in its up per part 
(Fig. 6). The ver ti cal microfacies suc ces sion in cludes, in as -
cend ing or der: 

– bioclastic radiolarian-rich pe lagic bi valve wackestone to
packstone (MF F, outer ramp);

– bioclastic mudstone to wackestone (MF E, outer ramp);
– bioclastic mi cro bial peloidal packstone to grainstone (MF D, 

mid dle ramp); 
– bioclastic peloidal mi cro bial Crescentiella packstone (MF C, 

mid dle ramp);
– intraclastic bioclastic wackestone to pack stone (MF B, mid -

dle ramp);
– dolomitic sparstone (MF A, mid dle ramp). 

This evo lu tion of microfacies im plies shallowing -up wards
depositional en vi ron ments and con se quently, is in ter preted as
a HST. The up per se quence bound ary (SB) of DS1 is rep re -
sented by a dolomitic sparstone (MF A, mid dle ramp).

DEPOSITIONAL SEQUENCE 2 

DS2 is the thin nest depositional se quence of the Lar Fm.
and con sists of LST, TST and HST (Fig. 6). DS2 com prises
brec cia lime stone and thick-bed ded lime stone in the lower part
and thin- to bed ded lime stone to mas sive lime stone in its up per
part. The LST of DS2 con sists of a brec cia lime stone with
pieces of dolomitic sparstone (MF A, mid dle ramp), intraclastic
bioclastic wackestone to packstone (MF B, mid dle ramp), and
bioclastic peloidal mi cro bial Crescentiella packstone (MF C,
mid dle ramp). This in di cates subaerial ex po sure and re work ing
of pre vi ously de pos ited sed i ment dur ing a rel a tive sea level fall.
The TST is char ac ter ized by a deep en ing-up wards evo lu tion of
microfacies: bioclastic mi cro bial peloidal packstone to grain -
stone (MF D, mid dle ramp), bioclastic peloidal mi cro bial
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Fig. 8. The two depositional en vi ron ments of the homoclinal ramp depositional sys tem of the Lar Fm. in the Polur sec tion 
and the six as so ci ated microfacies; A–F are re corded microfacies of Fig ures 7; G–I show changes 

in the Crescentiella thick ness with depth



Crescentiella packstone (MF C, mid dle ramp), intraclastic bio -
clastic wackestone to packstone (MF B), bioclastic peloidal mi -
cro bial Crescentiella packstone (MF D, mid dle ramp) and bio -
clastic mudstone to wackestone (MF F, outer ramp). The max i -
mum flood ing zone (MFZ) is pres ent at the top of the micro -
facies from bioclastic mudstone to wackestone (MF E), in di cat -
ing an outer ramp depositional en vi ron ment. The HST con sists
of bioclastic peloidal mi cro bial Crescentiella packstone (MF C,
mid dle ramp) and bioclastic mudstone to wackestone (MF E,
outer ramp). The up per se quence bound ary is char ac ter ized by 
intraclastic bioclastic wackestone to packstone (MF B, mid dle
ramp) along with dolomites that are lo cally vis i ble and re flect a
se quence bound ary at the top of DS2.

DEPOSITIONAL SEQUENCE 3 

DS3 typ i cally con sists of mas sive lime stone to thick-bed ded 
lime stone with two sys tems tracts (TST and HST). Intraclastic
bioclastic wackestone to packstone (MF B, mid dle ramp) oc -
curs at the lower se quence bound ary of DS2 that sep a rates
DS2 and DS3 (Fig. 6). 

The TST is com monly rep re sented by bioclastic peloidal mi -
cro bial Crescentiella packstone (MF C, mid dle ramp) and
bioclastic mudstone to wackestone (MF E, outer ramp). The
deep en ing up wards trend in depositional en vi ron ments of the
TST in di cates an in crease in rel a tive sea level and ac com mo -
da tion space. The max i mum flood ing zone (MFZ) is marked by
the oc cur rence of bioclastic radiolarian-rich pe lagic bi valve
wackestone to packstone (MF F, outer ramp). The HST con -
sists of bioclastic mudstone to wackestone (MF E, outer ramp),
bioclastic mi cro bial peloidal packstone to grainstone (MF D,
mid dle ramp) and bioclastic peloidal mi cro bial Crescentiella
packstone (MF C, mid dle ramp). The small est-scale sed i men -
tary cy cles (ge net i cally re lated units, fourth-or fifth-or der eusta -
tic cy cles) of the up per part of DS3 are well-de vel oped (Fig. 6)
be cause of the large thick ness of the HST and con sist of
bioclastic peloidal mi cro bial Crescentiella packstone (MF C,
mid dle ramp), and bioclastic mudstone to wackestone (MF E,
outer ramp). The fourth- or fifth-or der eustatic cy cles and HST
of DS3 are cut by a fault cor re spond ing to a re gional orog eny
that marks an im por tant ero sional phase and per va sive
epigenetic karstification, as well as a tec tonic phase, such as
the Late Cim mer ian orog eny, pos si bly re lated to fault move -
ments that may have re moved part of the HST rocks (Shahidi et 
al., 2008). 

The old est strata of the K2 rock unit (Up per Cre ta ceous) are 
at the top of the Lar Fm. The youn gest strata of the Lar Fm. and
the old est strata of the K2 rock unit are sep a rated by a ma jor
fault in this area (Fig. 4).

DISCUSSION 

PALAEOBIOGEOGRAPHY

Up per Ju ras sic de pos its formed dur ing a long-term 1st-or -
der rise in global sea level due to rift ing in the cen tral At lan tic
(Gerdes et al., 2010). The sea level rise reached its Ju ras sic
max i mum dur ing Kimmeridgian time. A ma jor Late Ju ras sic
sea way opened dur ing rift ing in the cen tral At lan tic, con nect ing
the central At lan tic with the cen tral Neo-Tethys. The palaeo -

latitude of the Polur area of the cen tral Alborz Zone in the cen -
tral Neo-Tethys was ~30°N dur ing the Late Ju ras sic and rift ing
in the cen tral At lan tic was at ~24°N, which would have led to the 
ex change of cal car e ous dinoflagellates through a sea way be -
tween the cen tral At lan tic and the Alborz Zone (Daneshian and
Saleh, 2020). In the Polur area stud ied, the cal car e ous
dinoflagellate cysts Colomisphaera nagyi were ob served. In
Iran, cal car e ous dinoflagellates of Late Ju ras sic age have been
re corded from the Lar Fm., Marghsoo sec tion, cen tral Alborz
Zone, where Daneshian and Saleh (2020) found Colo -
misphaera fibrata, Cadosina parvula, Stomiosphaera molucca -
na, Cadosina semiradiata semiradiata, Colomisphaera tenuis
and C. fortis. The dis tri bu tion of cal car e ous dino flagella tes in
the Up per Ju ras sic here re sem bles that of the ad ja cent sub-
 bas ins (Daneshian and Saleh, 2020) and that of the Eu ro pean
and Med i ter ra nean re gions, dem on strat ing con nec tion be -
tween the cen tral At lan tic and the Neo-Tethys Ocean. Such
con nected bas ins have led to the same bi o log i cal zones com -
monly used in age de ter mi na tion from the up per Oxfordian to
the up per Kimmeridgian in the Neo-Tethys Ocean re gion
(Dane shian and Saleh, 2020). So far, cal car e ous dino fla gella -
tes have not been known from south-west Iran (Zagros); there -
fore, there was no fau nal re la tion ship with south-west Iran
(Zagros) through out the Ju ras sic Pe riod, sug gest ing that wide
and deep oce anic ar eas in fact formed phys i cal bar ri ers for cal -
car e ous dinoflagellate dis persal.

PALAEOECOLOGY

MICRO-ENCRUSTER ASSOCIATIONS

Terebella-Crescentiella as so ci a tions are com monly ob ser -
ved in the Up per Ju ras sic de pos its of the north ern Neo-Tethys
shelf (e.g., Leinfelder et al., 1996; Kowal-Kasprzyk et al., 2020).
Such Terebella-Crescentiella as so ci a tions were iden ti fied thro -
ugh out the Lar Fm. (Fig. 7C1, C2, D) and within MF–C (bio -
clastic peloidal mi cro bial Crescentiella packstone to grain stone) 
and MF–D (bioclastic mi cro bial peloidal packstone to grain -
stone). Terebella lapilloides re flects a low-en ergy set ting un der
dysoxic con di tions (e.g., Reolid et al., 2005; Kaya and Altiner,
2014). The pres ence of microbialites and Crescentiella in thick
mas sive lime stone in di cates palaeodepths be tween the fair -
weather and the storm wave bases, i.e., around 40–60 m (e.g.,
Lein felder et al., 1996; Krajewski, 2000), and a nu tri ent-rich
(eutro phic) en vi ron ment (Kowal-Kasprzyk et al., 2020).

FORAMINIFERAL ASSEMBLAGES

Foraminiferal abun dance through out the Lar Fm. is low.
Larger ag glu ti nated foraminifera rarely oc cur in the Lar Fm.
while smaller ag glu ti nated foraminifera are more com mon
(Aghaei et al., 2012; Kochhann et al., 2015). The foraminiferal
as sem blages of the Lar Fm. are strongly dom i nated by r-se -
lected strat e gists and ag glu ti nated foraminiferal taxa. Morpho -
groups of ag glu ti nated foraminifera are com monly used as in di -
ca tors of palaeobathymetry and/or or ganic car bon flux (Jones
and Charnock, 1985; Kaminski and Kuhnt, 1995; Reolid et al.,
2010; Smoleń, 2012). Here, the ag glu ti nated foraminifera re -
corded were ar ranged into one morphogroup ac cord ing to
Cetean et al. (2011). This morphogroup com prises elon gated
shapes with a sup posed infaunal mode of life and of small size,
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here rep re sented by Ammobaculites, Eomarssonella, and
Reophax (Fig. 5H–J). The dom i nance of r-se lected strat e gists
among ben thic foraminifera sug gests stress ful palaeo environ -
mental con di tions, prob a bly re lated to low bot tom-wa ter ox y gen 
lev els (Kochhann et al., 2015). The low di ver sity of plank tonic
foraminifera is rem i nis cent of r-strat e gists (op por tu nis tic spe -
cies), which in di cates eutrophic con di tions. This as sem blage is
nu mer i cally dom i nated by sim ple test morphotypes such as
Globuligerina oxfordiana. A dom i nance of sim ple test morpho -
types in the Ju ras sic de pos its has pre vi ously been widely re -
corded in Neo-Tethys suc ces sions (Gradstein et al., 2017). 

HEXACTINELLID SPONGES

Hexactinellid sponges are pres ent through out the up per
part of the Lar Fm. (Fig. 5M, K). These are sponges with si li -
ceous triaxon hexactine spicules or de riv a tives of that ba sic
form (Flügel, 2010). Or gan isms as so ci ated with hexactinellid
sponges in the Lar Fm. in clude mainly foraminifera, brachi o -
pods, bryo zoans and echinoderms. Hexactinellid sponges from 
dif fer ent depositional en vi ron ments re flect ing dif fer ent hy dro dy -
namic re gimes are pre served dif fer ently (Brachert, 1991). Pres -
er va tion of hexactinellid sponges is best in low-en ergy basinal
car bon ates due to slow sil ica dis so lu tion (Flügel, 2010). Por -
tions of the north ern shelf of the Neo-Tethys where the Alborz
Zone is lo cated may have been a fa vour able place for the
upwelling of hypoxic wa ters (Conway et al., 2017). The oc cur -
rence of hexactinellid sponges in the ramp en vi ron ment of the
Lar Fm. is con sis tent with such oce anic con di tions. Leinfelder et 
al. (1994) con sid ered that hexactinellid sponges can live on a
broad low-slope shelf within a strat i fied ocean marked by slug -
gish wa ter cir cu la tion. 

REGIONAL DEPOSITIONAL SEQUENCES

The rel a tive strati graphic po si tions of DSs 1–3 and se -
quence bound aries in the up per most Oxfordian to the lower
Kimmeridgian (Fig. 9A, B) of the Polur area show a fair match to 
the late Oxfordian to early Kimmeridgian se quences (JOx7,
JOx8, JKi1, and JKi2) on the Haq (2018) global sea level curve
(Fig. 9A, B). The sim i lar rel a tive po si tions of most of the Polur
area se quence bound aries to those of the Haq (2018) global
chart sug gest that global eustasy may have in flu enced the tim -
ing of Kimmeridgian se quence bound aries here (Fig. 9A, B).
MFSs iden ti fied dur ing the depositional se quences of JOx7,
JOx8, JKi1 and JKi2 re flect the most re gion ally cor re lat able
trans gres sions, hav ing been iden ti fied through out south ern Eu -
rope and North Af rica (Atrops and Benest, 1984; Zappaterra,
1994), along the east ern edge of the Ara bian Shelf (Rous seau
et al., 2005) and in the In te rior Fars prov ince of Iran
(Golestaneh, 1965). Re gional tec tonic sub si dence com bined
with an over all in crease in eustatic sig na tures led to the ex ten -
sive de po si tion on ramps through out the Neo-Tethys (Gerdes
et al., 2010). Dur ing the Kimmeridgian, de po si tion on parts of
the cen tral Neo-Tethys was sim i lar to that in the west ern
Neo-Tethys and other re gions glob ally and was char ac ter ized
by high ac com mo da tion space and high sed i ment vol umes,
which led to very thick 3rd-or der depositional se quences in the
Polur sec tion (Fig. 9B). Dur ing the late Oxfordian to early

Kimmeridgian, the Alborz Zone cen tral Neo-Tethys was in a
plat form, ramp, and an oxia basinal depositional set ting sim i lar
to the west ern Neo-Tethys. The up per most DS3 in the Polur
sec tion has been cut out by a fault at the top of DS3. It is likely
that tec ton ics may have played a role in in flu enc ing the ter mi na -
tion of the Lar Fm. and Kimmeridgian suc ces sion. The pres -
ence of a ma jor fault and a large num ber of frac tures at the top
of the Lar Fm. is at trib uted to the early stages of the Late Cim -
mer ian orog eny (Fig. 4), which led to ma jor un con formity and
pro duced many faults and karstification in the Polur area. The
Cim mer ian un con formity also ap pears to cor re late with a ma jor
re gional un con formity in Iran (Aghanabati, 2004), with a sea
level fall on the Ara bian Plate re corded by Sharland et al.
(2004), and the sea level fall re corded in Neo-Tethys Me so zoic
car bon ates as de scribed by Gerdes et al. (2010). Ev i dence of
rapid al ter na tions of sub-ae rial ex po sure and com plete sub mer -
gence on plat form sur faces in di cates tec tonic in sta bil ity and/or
eustatic fluc tu a tions dur ing this time (Bádenas and Aurell, 2001; 
Benito et al., 2005).

CONCLUSIONS

Based on the anal y sis of 173 thin-sec tions and on micro -
palaeontological, biostratigraphic and se quence-strati graphic
in ves ti ga tions, the fol low ing con clu sions may be pre sented for
the Lar Fm. in the Polur area:

1. Four gen era of ben thic foraminifera (Ammobaculites,
Bullopora, Eomarssonella, Reophax), one spe cies of plank -
tonic foraminifera (Globuligerina oxfordiana), one spe cies of
cal car e ous dinoflagellate (Colomisphaera nagyi), one ammo -
nite ge nus (Orthosphinctes), and one ammonite spe cies (Sub -
nebrodites planula) have been iden ti fied.

2. The age of the Lar Fm. in the Polur area is up per most
Oxfordian-low est Kimmeridgian at the base and lower Kimmeri -
dgian at the top of the for ma tion, based on foraminifera, ammo -
nites and cal car e ous dinoflagellates.  

3. Six microfacies (MF) are de fined and at trib uted to depo -
sitional en vi ron ments: dolomitic sparstone (MF-A, mid dle
ramp); intraclastic bioclastic wackestone to packstone (MF-B,
mid dle ramp); bioclastic peloidal mi cro bial Crescentiella pack -
stone (MF-C, mid dle ramp); bioclastic mi cro bial peloidal pack -
stone to grainstone (MF-D, mid dle ramp); bioclastic mudstone
to wackestone (MF-E, outer ramp); bioclastic radiolarian-rich
pe lagic bi valve wackestone to packstone (MF-F, outer ramp).

4. Three Late Ju ras sic depositional se quences are de lin -
eated based on microfacies vari a tions. The HST of DS1 rep re -
sents a rap idly up wards shallowing suc ces sion that in di cates a
shift from an outer ramp to mid dle ramp depositional set ting.
The LST of DS2 con sists of a brec cia lime stone with patches of
dolomitic sparstone, which in di cates subaerial ex po sure and re -
work ing of pre vi ously de pos ited sed i ment due to a rel a tive sea
level fall. The HST of DS3 is trun cated by a fault cor re spond ing
to a re gional tec tonic phase re lated to the Late Cim mer ian orog -
eny. This re sulted in ero sion and per va sive epi genetic karsti -
fica tion.

5. Foraminiferal as sem blages and hexactinellid sponges re -
flect stress ful palaeoenvironmental con di tions, prob a bly re lated 
to low ox y gen lev els. These are at trib uted to eutrophic con di -
tions pre vail ing dur ing de po si tion of the Lar Fm. 
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Fig. 9A – a chart of Tethyan ammonoid zones, 2rd and 3rd se quences of global sea level af ter Haq (2018); B – lithological col umns of
the Polur sec tions, Cen tral Alborz Moun tains, north of Iran; C – DEM of the cen tral Alborz Moun tains with lo ca tion of se lected sec -
tions; note the change in el e va tion cre ated by the Mosha Fasham Fault and strong epigenic karstification in the cen tral Alborz
Moun tains along this fault (for fur ther in for ma tion see Allen et al., 2003; Shahidi et al., 2008) 
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