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We de scribe the biostratigraphy and palaeo ec ol ogy of the Dalichai For ma tion based on cal car e ous nannofossils from the
Guydagh sec tion in the west ern Alborz Moun tains, north-west Iran. The nannofossils are mod er ately to well-pre served, and
25 spe cies be long ing to 8 gen era have been dis tin guished, rep re sent ing the Early Berriasian to Late Hauterivian ages ac -
cord ing to the CC1–CC4b biozones of Sissingh (1977). The re corded nannofossils are gen er ally Tethyan and cos mo pol i tan,
while the re cord of Nannoconus inornatus, a Bo real spe cies, at the top of the sec tion re flects the wa ter mass con nec tion be -
tween the Bo real and Tethyan do mains dur ing the Late Hauterivian. The re cords of Nannoconus spp., Watznaueria spp.,
and Rhagodiscus asper show that the sed i men tary ba sin of the Dalichai For ma tion was lo cated at low lat i tudes of the
Tethyan realm with warm sur face wa ters. Palaeoecologically, the find ings rep re sent a ma rine trans gres sion and in creas ing
depth, and the palaeoenvironmental con di tions change from low-high mesotrophic (shown by the dom i nance of W. bri tan -
nica) to oligotrophic (from the dom i nance of nannoconids), r- to K-strat egy of life (from the dom i nance of nannoconids), and
be came in creas ingly sta ble (shown by the re duc tion of W. bri tan nica) to wards the top of the sec tion.

Key words: Cal car e ous nannofossils, Dalichai For ma tion, Guydagh sec tion, Lower Cre ta ceous, Tethyan and Bo real Do -
main, west ern Alborz.

INTRODUCTION

The sed i men tary-struc tural zone of the Alborz, an E–W
anticlinorium, in cludes the high re gions of north ern Iran
(Aghanabati, 2004), con nect ing in di rectly via the north west ern
Khorasan Moun tains to the Hindu Kush and the Pamir Pla teau
(Jafari, 2005). The Dalichai For ma tion is com posed of well- to
thin-bed ded, green ish grey, marly, and partly sparry to sandy
lime stone with in ter ca la tions of marly shale (Stöcklin, 1971); it
out crops along the south ern slopes of the Alborz Moun tains
(Aghanabati, 2004). The ma rine de pos its of the Dalichai For -
ma tion are dis tin guished eas ily from the lac us trine/la goonal de -
pos its of the un der ly ing Shemshak For ma tion and the over ly ing
thick-bed ded car bon ate Lar For ma tion by its green ish-grey col -
our (Aghanabati, 2004). A mid dle-late Ju ras sic age has been

de ter mined based on the ammonite fauna (e.g., Erni, 1931;
Lorenz, 1964; Dellenbach, 1964; Assereto et al., 1968;
Stöcklin, 1971; Nabavi and Seyed-Emami, 1977; Alavi-Naini et
al., 1982; Seyed-Emami et al., 1985, 1989, 1995, 2018; Schai -
rer et al., 1991; Majidifard, 2004) and palynomorphs (e.g.,
Wheeler and Sarjeant, 1990; Sajadi et al., 2009; Ghasemi -
-Nejad et al., 2012; Dehbozorgi et al., 2013, 2018; Mafi et al.,
2014; Hashemi Yazdi et al., 2018, 2020); how ever, the
nannofossils in di cate an Early Cre ta ceous age (Hadavi et al.,
2015; Barsan Najjar et al., 2016; Shiri et al., 2019, 2020). The
re sults de scribed here are a con tin u a tion of nannofossil stud ies
of the strata of the Guydagh sec tion in the west ern parts of the
Alborz Moun tains.

MATERIAL AND METHODS

The Guydagh sec tion (co or di nates 37°16’ N, 46°16’ E) is
127 m thick and is lo cated to the south-east of Maragheh in the
west ern Alborz Moun tains (north-west Iran) (Fig. 1). The base
of the sec tion starts with a very thin layer of siltstone which is
over lain by al ter na tions of thin lay ers of lime stone and shale,
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and of cal car e ous shale and lime stone, fol lowed by marl and al -
ter na tions of lime stone and cal car e ous shale. In the sec tion in -
ves ti gated, the lower bound ary of the Dalichai For ma tion is con -
form able on the Shemshak For ma tion, and its up per bound ary
is tran si tional to the Lar For ma tion. Twenty-five sam ples taken
from the sec tion were pre pared us ing smear slide tech niques
(Bown and Young, 1998), and then were ex am ined un der a
light mi cro scope (Olym pus BX51) equipped with gyp sum and
quartz plates. The biostratigraphic data ob tained was in ter -
preted us ing Sissingh’s (1977) biozonation (Fig. 2). Im ages of
im por tant nannofossils are il lus trated in Fig ures 3–5. The rel a -
tive abun dances (%) of the nannofossil spe cies were counted in 
20 fields of view for each sam ple (Ap pen dix 1* and Fig. 6). The
graphics were drawn us ing Surfer soft ware. 

RESULTS

Twenty-five spe cies be long ing to 8 gen era of cal car e ous
nannofossils were iden ti fied from the Guydagh sec tion (Ap pen -
dix 2). Most of the spe cies iden ti fied are from two fam i lies, the

Nannoconaceae and Watznaueriaceae. The most im por tant
spe cies of the Nannoconaceae fam ily are: Nannoconus
bucheri, N. circularis, N. cornuta, N. dolomiticus, N. globulus
subsp. globulus, N. inornatus, N. kamptneri subsp. kamptneri,
Nannoconus sp. 1, Nannoconus sp. 2, Nannoconus sp. 3, N.
steinmannii subsp. mi nor and N. steinmannii subsp. stein -
mannii.

The dom i nant spe cies of the Watznaueriaceae fam ily are:
Cyclagelosphaera deflandrei, C. margerelii, Watznaueria bar -
ne s iae, W. biporta, W. bri tan nica, W. fossacincta and W.
rawsonii.

Other nannofossils iden ti fied are: Calcicalathina oblongata,
Discorhabdus ignotus, Lithraphidites bollii, L. carniolensis,
Rhago discus asper, and Umbria granulosa.

BIOSTRATIGRAPHY AND DISCUSSION

The state of pres er va tion of the cal car e ous nannofossils is
mod er ate to good in the Guydagh sec tion. Based on the first
and last oc cur rence of the in dex and as so ci ated spe cies, the
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Fig. 1. Lo ca tion of the Guydagh sec tion on a geo log i cal sketch map and 1:100,000 geo log i cal map of Maragheh
(Alavi-Naini and Shahrabi, 1975)

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1622
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Fig. 2. Cal car e ous nannofossil zonation of the Dalichai For ma tion in the Guydagh sec tion



CC1–CC4b biozones were iden ti fied ac cord ing to Sissingh’s
(1977) nannofossil biozonation (Fig. 2) as fol lows:

Nannoconus steinmannii and Stradneria crenulata Zone
(CC1–CC2; un di vided)

The CC1 biozone is de fined as the in ter val be tween the first
oc cur rence (FO) of N. steinmannii and the FO of Stradneria
crenulata with a lat est Tithonian to Early Berriasian age
(Perch-Niel sen, 1985).
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Fig. 3. Mi cro pho to graphs of cal car e ous nannofossils from the Guydagh sec tion (scale bars: 5 µm)

Aa–c – Calcicalathina oblongata (no. 5); Ba, b – Cyclagelosphaera deflandrei (no. 11); Ca–c – Cyclagelosphaera margerelii (no.
15); Da, b, E – Discorhabdus ignotus (no. 10) (prox i mal view), (no. 23) (dis tal view); Fa–c – Lithraphidites bollii  (no. 4); G, H–
Lithraphidites carniolensis (no. 6 and 13); I, Ja–c – Nannoconus bucheri (no. 17 and 21); Ka, b – Nannoconus circularis (no. 17);
La–c – Nannoconus cornuta (no. 17); Ma, b – Nannoconus dolomiticus (no. 8); Na–c – Nannoconus globulus subsp. globulus (no.
13); Oa–d, Pa, b – Nannoconus inornatus (no. 20 and 21)



R e  m a r k s. – Ac cord ing to Perch-Niel sen (1985), the first 
ap pear ance of N. steinmannii and Lithraphidites carniolensis
in di cates the base of the Cre ta ceous.

In the Guydagh sec tion, the oc cur rence of N. steinmannii
subsp. steinmannii in the first sam ple (~1 m from the base) and

L. carniolensis in sam ple no. 6 (~30 m from the base) in di cate
the on set of the Berriasian. 

The CC2 in ter val zone spans the FO of S. crenulata and FO 
of C. oblongata of Late Berriasian to Early Valanginian age
(Perch-Niel sen, 1985). 
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Fig. 4. Mi cro pho to graphs of cal car e ous nannofossils from the Guydagh sec tion (scale bars: 5 µm)

A – Nannoconus inornatus (no. 21); Ba, b, Ca, b, Da–d (top view) – Nannoconus kamptneri subsp. kamptneri (no. 17 and 12); Fa–c
(top view) – Nannoconus sp.1 (no. 12); Ga, b (top view) – Nannoconus sp. 2 (no. 12); Ha, b (top view) – Nannoconus sp. 3 (no. 14);
Ia–c – Nannoconus steinmannii subsp. mi nor (no. 3); Ja–d – Nannoconus steinmannii subsp. steinmannii (no. 3); Ka–d –
Rhagodiscus asper  (no. 1); La–d – Umbria granulosa (no. 1); M – Watznaueria barnesiae (no. 4)



R e  m a r k s. – In the Geo log i cal Time Scale 2012, the
CC2 biozone is of Early to Late Berriasian age (Ogg and
Hinnov, 2012).

The first pres ence of C. oblongata, show ing the up per
bound ary of the zone, was re corded in sam ple no. 5 (~30 m

from the base). Due to the lack of Stradneria crenulata, the CC1 
and CC2 biozones were merged as CC1–CC2; there fore, the
first 30 m of the sec tion (al ter na tions of shale, lime stone, and
cal car e ous shale) is at trib uted to a CC1–CC2 biozone and an
Early Berriasian age is at trib uted to the base of the sec tion.
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Fig. 5. Mi cro pho to graphs of cal car e ous nannofossils from the Guydagh sec tion (scale bars: 5 µm)

Aa, b – Watznaueria barnesiae (no. 4); Ba–d – Watznaueria biporta (no. 11); Ca–c, Da–d – Watznaueria bri tan nica (no. 1); 
Ea–d – Watznaueria fossacincta (no. 15); Fa–d – Watznaueria rawsonii (no. 4); Ga–P – coccosphere



Calcicalathina oblongata and Cretarhabdus loriei Zone
(CC3–CC4a; un di vided)

The CC3 in ter val zone is de fined by the in ter val from the FO 
of C. oblongata to the FO of Cretarhabdus loriei, and is Late
Valanginian in age (Perch-Niel sen, 1985). 

R e  m a r k s. – In the Geo log i cal Time Scale 2012 (Ogg
and Hinnov, 2012), the FO of C. oblongata in di cates the base of 
the CC3 zone, show ing the be gin ning of the Valanginian. In the
Guydagh sec tion, the FO of C. oblongata in di cates the be gin -
ning of the CC3 zone and the start of the Valanginian Age.

The CC4 in ter val zone spans be tween the FO of C. loriei
and the LO of Speetonia colligata of the Late Valanginian to
Early Hauterivian ages (Perch-Niel sen, 1985).

R e  m a r k s. – C. loriei and S. colligata were not found in
the sam ples, but ac cord ing to Applegate and Bergen (1988),
the FO of L. bollii di vides the CC4 biozone into two subzones of
CC4a and CC4b. They con sid ered that the CC4a subzone is
the in ter val from the FO of Eiffellithus striatus to the FO of L.
bollii, and that the CC4b subzone is an in ter val from the FO of L. 
bollii to the LO of S. colligata.

The FO of L. bollii was re corded in sam ple no. 18 (~76 m
from the base). Con sid er ing the lack of C. loriei and S. colligata, 
the bound ary be tween the CC3 and CC4 biozones is not clear
and these two biozones are merged as CC3–CC4a. Due to the
first re cord of C. oblongata in sam ple no. 5 (~30 m from the
base of the sec tion), a thick ness of 46 m (al ter na tions of cal car -
e ous shale and lime stone) in di cates the be gin ning of CC4b and 
the be gin ning of the Hauterivian Age. In the pres ent study, the
in ter val from 76 m to the end of the sec tion in cludes the CC4b
biozone, com pris ing 50 m of al ter nat ing cal car e ous shale and
lime stone. Due to the pres ence of N. inornatus (with an age of
Late Hauterivian-Barremian), a Late Hauterivian age is sug -
gested for the up per part of this sec tion (Fig. 2).

PALAEOECOLOGY AND CORRELATION

Thermophilic spe cies such as Nannoconus spp., Watzna -
ueria spp., and Rhagodiscus asper (Erba, 1987, 1992; Mutter -
lo se, 1991) are com mon in sam ples from the Dalichai For ma -
tion, rep re sent ing rel a tively warm sur face wa ter (Mutterlose et
al., 2005).

Nannoconids first ap peared at the Ju ras sic-Cre ta ceous
bound ary (Bown et al., 2004). Nannoconus is a ma jor com po -
nent of Tithonian-Barremian de pos its (Busson and Nöel, 1991;
Erba, 1994; Bersezio et al., 2002; Bornemann et al., 2003; Erba 
and Tremolada, 2004). Nannoconids are be lieved to have
adapted to life be low the photic zone (Erba, 1994; Herrle, 2003)
(~80–200 m) and have a K-strat egy life style in low-tur bu lence
en vi ron ments (Mutterlose et al., 2005). They are af fected by
nutricline depth (Erba, 1994; Herrle, 2003). High abun dances of 
nannoconids prob a bly dem on strate in creased pro duc tiv ity in
the lower photic zone (Mutterlose et al., 2005). Busson and
Nöel (1991) con sid ered that nannoconids were dinoflagellate
cal cite cysts, grew in clean wa ter, were in hib ited by de tri tal in -
put, and their abun dance was in versely re lated to the abun -
dance of other coccoliths be cause nannoconids were poi soned
the sur face wa ters, kill ing coccolithophores, plank tonic fora -
minifers, radio lar ians, and some ben thic or gan isms (Erba,
1994).

Watznaueria spe cies with an in ferred r-strat egy of life
(Street and Bown, 2000; Lees et al., 2004) are abun dant in the
Guydagh sec tion. But they are sharply re duced in the up per
parts of the sec tion, where nannoconids of K-strat egy are more

abun dant. This lack of Watznaueria in the up per parts of the
sec tion may be due to the tox ic ity of the nannoconids. The in -
verse re la tion ship be tween the abun dance of nannoconids and
Watznaueria spe cies is quite ev i dent in the abun dance pat terns 
of the Guydagh sec tion (Fig. 6). 

R. asper, W. barnesiae and L. carniolensis are Lower Cre ta -
ceous cos mo pol i tan spe cies; in ad di tion, Nannoconus spp., C.
oblongata and L. bollii are Tethyan nannofossils (Mutterlose,
1992) re corded from the Dalichai For ma tion.

The nannofossils iden ti fied are mainly Tethyan and cos mo -
pol i tan, but there is a con sid er able pres ence of Bo real taxa in
the sec tion. N. inornatus is an in di ca tor of high lat i tudes (Bo real) 
and of Late Hauterivian age (Svobodová et al., 2011), which
has been re corded in the Guydagh sec tion. The pres ence of
Bo real nannofossils among the Tethys realm nannofossil as -
sem blages re flects the an cient biogeography and bi o log i cal
changes be tween the Bo real and Tethys realms. The pres ence
of spe cies from both realms may in di cate wa ter mass ex change 
be tween them (Vulc, 2008). The oc cur rence of in dex spe cies
from the Bo real realm in the sam ples from the Dalichai For ma -
tion re flects the con nec tion be tween these two realms in the
Early Cre ta ceous. 

The pat tern of the rel a tive abun dance of cal car e ous
nannofossils along with the zonation of the Guydagh sec tion is
shown in Fig ure 6. These pat terns, to gether with the
nannofossils iden ti fied in the sec tion stud ied, were used to in ter -
pret the palaeo geo graphi cal con di tions of the Dalichai For ma -
tion.

There is an in verse re la tion ship be tween wa ter depth and
abun dance of W. barnesiae (Thierstein, 1976). The rel a tive
abun dance of this spe cies in the CC1–CC2 zone in creases up -
wards in the Guydagh sec tion, in di cat ing de creas ing wa ter
depth; then, it de creases and reaches zero, in di cat ing in creas -
ing wa ter depth, ex cept for a brief de crease in depth at the top of 
the sec tion.

More over, N. steinmannii subsp. steinmannii, N. kamptneri
subsp. kamptneri, N. globulus subsp. globulus and N. circularis, 
with a mark edly in creas ing up wards trend from the be gin ning to
the end of the sec tion, in di cate in creas ing wa ter depth from the
base to the top of the sec tion.

Nannofossil as sem blages with a high fre quency of W. bri -
tan nica in di cate marked changes in en vi ron men tal con di tions
and a high in put of de tri tal ma te ri als to the ba sin (Kêdzierski,
2012). The mark edly os cil lat ing de creas ing trend in the rel a tive
abun dance of W. bri tan nica in di cates in creas ing sta bil ity of en -
vi ron men tal con di tions from the base to the top of the sec tion. 

Cal car e ous nannofossils are good in di ca tors of sur face wa -
ter fer til ity. Two dis tinct groups were iden ti fied for the fer til ity in -
dex: a low fer til ity group with Eiffelithus spp., Prediscosphaera
spp. and Lithraphidites spp., and a high fer til ity group with
Zeugrhabdotus spp., Biscutum spp. and Thoracosphaera
saxea (Mandur, 2016). 

W. barnesiae, re corded in sam ples from the Dalichai For -
ma tion, is an in di ca tor of warm tem per a tures and low fer til ity
con di tions (Thibault and Gardin, 2010). In the Cre ta ceous, the
gen era Watznaueria is con sid ered as an in di ca tor of
oligotrophic to eutrophic fer til ity lev els (Corbett and Watkins,
2013). In gen eral, W. barnesiae pre fers oligotrophic con di tions
and low-fer til ity wa ters (Herrle, 2003; Watkins et al., 2005;
Hardas and Mutterlose, 2007). High-fer til ity spe cies were not
ob served in the sec tion stud ied, while low-fer til ity spe cies such
as W. barnesiae, L. carniolensis, and L. bolli did oc cur.

Pittet and Mattioli (2002) con sid ered that W. bri tan nica spe -
cies are very abun dant in low-to-high mesotrophic con di tions
(Kêdzierski, 2012), while nannoconids show oligotrophic con di -
tions (Mutterlose et al., 2005). There fore, a change from
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low-high mesotrophic (due to the dom i nance of W. bri tan nica)
to oligotrophic (due to the dom i nance of nannoconids) con di -
tions is sug gested from the base to the top of the sec tion.

CORRELATION OF THE GUYDAGH SECTION
(WESTERN ALBORZ) WITH OTHER SECTIONS 

OF THE DALICHAI FORMATION IN THE EASTERN
AND CENTRAL ALBORZ 

The biostratigraphy of Early Cre ta ceous cal car e ous
nannofossils is a use ful tool for cor re lat ing oce anic suc ces -
sions. In ad di tion, cal car e ous nannofossils are an in di ca tor in
stud ies of the stra tig ra phy and ge og ra phy of oce anic en vi ron -
ments (Bown, 1998). The most im por tant ap pli ca tion of
biostratigraphic stud ies is the cor re la tion of suc ces sions based
on in dex fos sils. Cal car e ous nannofossils are con sid ered as an

ac cu rate cor re lat ing tool, due to their high rate of re pro duc tion
and di ver sity, high abun dance, and wide dis tri bu tion (Bown and
Young, 1998).

Ex am i na tion of 4 sec tions of the Dalichai For ma tion in the
east ern (Tepal, Talu, and Lavan sec tions) and cen tral Alborz
(Yonjezar sec tion) also shows an Early Cre ta ceous age for this
for ma tion (Shiri et al., 2020). Cor re la tion of the Guydagh sec -
tion with these 4 sec tions was made in this study (Fig. 7). The
Lavan sec tion was ex cluded from this cor re la tion, due to lack of
zonal marker nannofossils.

Cal car e ous nannofossils iden ti fied in the Tepal, Talu,
Yonjezar, and Guydagh sec tions show that the sed i men ta tion
of the se quences in these sec tions be gan si mul ta neously in
the CC1 biozone of Berriasian age. The up per parts of the
Tepal, Talu, and Yonjezar sec tions in di cate the CC5 biozone
of Early Barremian age, while the up per most Guydagh sec tion 
cor re sponds to the CC4b biozone of Late Hauterivian age.
Vari a tions in biozone thick ness in di cate sed i men ta tion rates
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Fig. 6. The rel a tive abun dance of some com mon palaeo geo graphi cal in dex nannofossil spe cies 
and the nannofossil zonation of the Guydagh sec tion

https://gq.pgi.gov.pl/article/view/26685/pdf


(e.g., Kastens et al., 1987: p. 424; Reda et al., 2019). From
east to west, the CC1–CC2 biozone in creases in thick ness
and sed i men ta tion rate from the Tepal to the Talu and Yonje -
zar sec tions and de creases in thick ness and sed i men ta tion
rate from the Yonjezar to Guydagh sec tions. Also, the
CC3–CC4a biozone shows a de crease in thick ness and a de -
crease in sed i men ta tion rate from the east to the west of the
sed i men tary ba sin of the Dalichai For ma tion. To ward the top
of the Guydagh sec tion, the thick ness of the biozones shows a 
gen eral in crease, in di cat ing an in crease in sed i men ta tion rate.

CONCLUSION

Cal car e ous nannofossils of the Dalichai For ma tion in the
Guydagh sec tion in clude 25 spe cies be long ing to 8 gen era. The 
cal car e ous nannofossils iden ti fied dem on strate the CC1–CC4b 
biozones of Sissingh’s (1977) zonation with an age of
Berriasian- Late Hauterivian. Palaeogeographically, the Dali -
chai sed i men tary ba sin of the Guydagh sec tion was lo cated at
low lat i tudes of the Tethyan realm with warm sur face wa ter.
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Fig. 7. Cor re la tion of the Dalichai For ma tion in the west ern Alborz (Guydagh sec tion) with the east ern and cen tral Alborz 
sec tions (Shiri et al., 2020) based on cal car e ous nannofossils

For other ex pla na tions see Fig ure 2
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Palaeo eco logi cal in ter pre ta tion of the for ma tion in this sec tion
shows in creas ing depth and pro duc tiv ity and a shift from un sta -
ble to sta ble con di tions, as well as a change from low-to-high
mesotrophic to oligotrophic to wards the top of the sec tion due
to a high rel a tive abun dance of Nannoconus spp. In gen eral,
the nannofossils re corded from the Dalichai For ma tion are
mainly Tethyan and cos mo pol i tan, but the pres ence of the Bo -

real taxon N. inornatus re flects a con nec tion be tween the Bo -
real and Tethyan do mains in the Late Hauterivian.
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