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We describe the biostratigraphy and palaeoecology of the Dalichai Formation based on calcareous nannofossils from the
Guydagh section in the western Alborz Mountains, north-west Iran. The nannofossils are moderately to well-preserved, and
25 species belonging to 8 genera have been distinguished, representing the Early Berriasian to Late Hauterivian ages ac-
cording to the CC1-CC4b biozones of Sissingh (1977). The recorded nannofossils are generally Tethyan and cosmopolitan,
while the record of Nannoconus inornatus, a Boreal species, at the top of the section reflects the water mass connection be-
tween the Boreal and Tethyan domains during the Late Hauterivian. The records of Nannoconus spp., Watznaueria spp.,
and Rhagodiscus asper show that the sedimentary basin of the Dalichai Formation was located at low latitudes of the
Tethyan realm with warm surface waters. Palaeoecologically, the findings represent a marine transgression and increasing
depth, and the palaeoenvironmental conditions change from low-high mesotrophic (shown by the dominance of W. britan-
nica) to oligotrophic (from the dominance of nannoconids), r- to K-strategy of life (from the dominance of nannoconids), and
became increasingly stable (shown by the reduction of W. britannica) towards the top of the section.

Key words: Calcareous nannofossils, Dalichai Formation, Guydagh section, Lower Cretaceous, Tethyan and Boreal Do-
main, western Alborz.

INTRODUCTION determined based on the ammonite fauna (e.g., Erni, 1931;
Lorenz, 1964; Dellenbach, 1964; Assereto et al., 1968;

Stdcklin, 1971; Nabavi and Seyed-Emami, 1977; Alavi-Naini et

The sedimentary-structural zone of the Alborz, an E-W
anticlinorium, includes the high regions of northern Iran
(Aghanabati, 2004), connecting indirectly via the northwestern
Khorasan Mountains to the Hindu Kush and the Pamir Plateau
(Jafari, 2005). The Dalichai Formation is composed of well- to
thin-bedded, greenish grey, marly, and partly sparry to sandy
limestone with intercalations of marly shale (Stocklin, 1971); it
outcrops along the southern slopes of the Alborz Mountains
(Aghanabati, 2004). The marine deposits of the Dalichai For-
mation are distinguished easily from the lacustrine/lagoonal de-
posits of the underlying Shemshak Formation and the overlying
thick-bedded carbonate Lar Formation by its greenish-grey col-
our (Aghanabati, 2004). A middle-late Jurassic age has been
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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); however, the
nannofossils indicate an Early Cretaceous age (Hadavi et al.,
2015; Barsan Najjar et al., 2016; Shiri et al., 2019, 2020). The
results described here are a continuation of nannofossil studies
of the strata of the Guydagh section in the western parts of the
Alborz Mountains.

MATERIAL AND METHODS

The Guydagh section (coordinates 37°16’ N, 46°16’ E) is
127 m thick and is located to the south-east of Maragheh in the
western Alborz Mountains (north-west Iran) (Fig. 1). The base
of the section starts with a very thin layer of siltstone which is
overlain by alternations of thin layers of limestone and shale,
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Fig. 1. Location of the Guydagh section on a geological sketch map and 1:100,000 geological map of Maragheh
(Alavi-Naini and Shahrabi, 1975)

and of calcareous shale and limestone, followed by marl and al-
ternations of limestone and calcareous shale. In the section in-
vestigated, the lower boundary of the Dalichai Formation is con-
formable on the Shemshak Formation, and its upper boundary
is transitional to the Lar Formation. Twenty-five samples taken
from the section were prepared using smear slide techniques
(Bown and Young, 1998), and then were examined under a
light microscope (Olympus BX51) equipped with gypsum and
quartz plates. The biostratigraphic data obtained was inter-
preted using Sissingh’s (1977) biozonation (Fig. 2). Images of
important nannofossils are illustrated in Figures 3-5. The rela-
tive abundances (%) of the nannofossil species were counted in
20 fields of view for each sample (Appendix 1* and Fig. 6). The
graphics were drawn using Surfer software.

RESULTS

Twenty-five species belonging to 8 genera of calcareous
nannofossils were identified from the Guydagh section (Appen-
dix 2). Most of the species identified are from two families, the

Nannoconaceae and Watznaueriaceae. The most important
species of the Nannoconaceae family 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. minor and N. steinmannii subsp. stein-
mannii.

The dominant species of the Watznaueriaceae family are:
Cyclagelosphaera deflandrei, C. margerelii, Watznaueria bar-
nesiae, W. biporta, W. britannica, W. fossacincta and W.
rawsonii.

Other nannofossils identified are: Calcicalathina oblongata,
Discorhabdus ignotus, Lithraphidites bollii, L. carniolensis,
Rhagodiscus asper, and Umbria granulosa.

BIOSTRATIGRAPHY AND DISCUSSION

The state of preservation of the calcareous nannofossils is
moderate to good in the Guydagh section. Based on the first
and last occurrence of the index and associated species, the

* 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. Calcareous nannofossil zonation of the Dalichai Formation in the Guydagh section
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Fig. 3. Microphotographs of calcareous nannofossils from the Guydagh section (scale bars: 5 ym)

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) (proximal view), (no. 23) (distal 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)

CC1-CC4b biozones were identified according to Sissingh’s

The CC1 biozone is defined as the interval between the first
(1977) nannofossil biozonation (Fig. 2) as follows:

occurrence (FO) of N. steinmannii and the FO of Stradneria
crenulata with a latest Tithonian to Early Berriasian age
Nannoconus steinmannii and Stradneria crenulata Zone (Perch-Nielsen, 1985).

(CC1-CC2; undivided)
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Fig. 4. Microphotographs of calcareous nannofossils from the Guydagh section (scale bars: 5 pm)

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);
la—c — Nannoconus steinmannii subsp. minor (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 ar k s.—According to Perch-Nielsen (1985), the first L. carniolensis in sample no. 6 (~30 m from the base) indicate
appearance of N. steinmannii and Lithraphidites carniolensis  the onset of the Berriasian.
indicates the base of the Cretaceous. The CC2 interval zone spans the FO of S. crenulata and FO
In the Guydagh section, the occurrence of N. steinmannii  of C. oblongata of Late Berriasian to Early Valanginian age
subsp. steinmannii in the first sample (~1 m from the base) and  (Perch-Nielsen, 1985).



Rana Shiri and Fatemeh Hadavi / Geological Quarterly, 2021, 65: 53

Fig. 5. Microphotographs of calcareous nannofossils from the Guydagh section (scale bars: 5 ym)

Aa, b — Watznaueria barnesiae (no. 4); Ba—d — Watznaueria biporta (no. 11); Ca—c, Da—d — Watznaueria britannica (no. 1);
Ea-d — Watznaueria fossacincta (no. 15); Fa—d — Watznaueria rawsonii (no. 4); Ga—P — coccosphere

Remarks. — In the Geological Time Scale 2012, the
CC2 biozone is of Early to Late Berriasian age (Ogg and
Hinnov, 2012).

The first presence of C. oblongata, showing the upper
boundary of the zone, was recorded in sample no. 5 (~30 m

from the base). Due to the lack of Stradneria crenulata, the CC1
and CC2 biozones were merged as CC1-CC2; therefore, the
first 30 m of the section (alternations of shale, limestone, and
calcareous shale) is attributed to a CC1-CC2 biozone and an
Early Berriasian age is attributed to the base of the section.
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Calcicalathina oblongata and Cretarhabdus loriei Zone
(CC3—CC4a; undivided)

The CC3 interval zone is defined by the interval from the FO
of C. oblongata to the FO of Cretarhabdus loriei, and is Late
Valanginian in age (Perch-Nielsen, 1985).

Remarks. — In the Geological Time Scale 2012 (Ogg
and Hinnov, 2012), the FO of C. oblongata indicates the base of
the CC3 zone, showing the beginning of the Valanginian. In the
Guydagh section, the FO of C. oblongata indicates the begin-
ning of the CC3 zone and the start of the Valanginian Age.

The CC4 interval zone spans between the FO of C. loriei
and the LO of Speetonia colligata of the Late Valanginian to
Early Hauterivian ages (Perch-Nielsen, 1985).

Remarks.— C. loriei and S. colligata were not found in
the samples, but according to Applegate and Bergen (1988),
the FO of L. bollii divides the CC4 biozone into two subzones of
CC4a and CC4b. They considered that the CC4a subzone is
the interval from the FO of Eiffellithus striatus to the FO of L.
bollii, and that the CC4b subzone is an interval from the FO of L.
bollii to the LO of S. colligata.

The FO of L. bollii was recorded in sample no. 18 (~76 m
from the base). Considering the lack of C. loriei and S. colligata,
the boundary between the CC3 and CC4 biozones is not clear
and these two biozones are merged as CC3—-CC4a. Due to the
first record of C. oblongata in sample no. 5 (~30 m from the
base of the section), a thickness of 46 m (alternations of calcar-
eous shale and limestone) indicates the beginning of CC4b and
the beginning of the Hauterivian Age. In the present study, the
interval from 76 m to the end of the section includes the CC4b
biozone, comprising 50 m of alternating calcareous shale and
limestone. Due to the presence of N. inornatus (with an age of
Late Hauterivian-Barremian), a Late Hauterivian age is sug-
gested for the upper part of this section (Fig. 2).

PALAEOECOLOGY AND CORRELATION

Thermophilic species such as Nannoconus spp., Watzna-
ueria spp., and Rhagodiscus asper (Erba, 1987, 1992; Mutter-
lose, 1991) are common in samples from the Dalichai Forma-
tion, representing relatively warm surface water (Mutterlose et
al., 2005).

Nannoconids first appeared at the Jurassic-Cretaceous
boundary (Bown et al., 2004). Nannoconus is a major compo-
nent of Tithonian-Barremian deposits (Busson and Noel, 1991;
Erba, 1994; Bersezio et al., 2002; Bornemann et al., 2003; Erba
and Tremolada, 2004). Nannoconids are believed to have
adapted to life below the photic zone (Erba, 1994; Herrle, 2003)
(~80-200 m) and have a K-strategy lifestyle in low-turbulence
environments (Mutterlose et al., 2005). They are affected by
nutricline depth (Erba, 1994; Herrle, 2003). High abundances of
nannoconids probably demonstrate increased productivity in
the lower photic zone (Mutterlose et al., 2005). Busson and
Noel (1991) considered that nannoconids were dinoflagellate
calcite cysts, grew in clean water, were inhibited by detrital in-
put, and their abundance was inversely related to the abun-
dance of other coccoliths because nannoconids were poisoned
the surface waters, killing coccolithophores, planktonic fora-
minifers, radiolarians, and some benthic organisms (Erba,
1994).

Watznaueria species with an inferred r-strategy of life
(Street and Bown, 2000; Lees et al., 2004) are abundant in the
Guydagh section. But they are sharply reduced in the upper
parts of the section, where nannoconids of K-strategy are more

abundant. This lack of Watznaueria in the upper parts of the
section may be due to the toxicity of the nannoconids. The in-
verse relationship between the abundance of nannoconids and
Watznaueria species is quite evident in the abundance patterns
of the Guydagh section (Fig. 6).

R. asper, W. barnesiae and L. carniolensis are Lower Creta-
ceous cosmopolitan species; in addition, Nannoconus spp., C.
oblongata and L. bollii are Tethyan nannofossils (Mutterlose,
1992) recorded from the Dalichai Formation.

The nannofossils identified are mainly Tethyan and cosmo-
politan, but there is a considerable presence of Boreal taxa in
the section. N. inornatus is an indicator of high latitudes (Boreal)
and of Late Hauterivian age (Svobodova et al., 2011), which
has been recorded in the Guydagh section. The presence of
Boreal nannofossils among the Tethys realm nannofossil as-
semblages reflects the ancient biogeography and biological
changes between the Boreal and Tethys realms. The presence
of species from both realms may indicate water mass exchange
between them (\ulc, 2008). The occurrence of index species
from the Boreal realm in the samples from the Dalichai Forma-
tion reflects the connection between these two realms in the
Early Cretaceous.

The pattern of the relative abundance of calcareous
nannofossils along with the zonation of the Guydagh section is
shown in Figure 6. These patterns, together with the
nannofossils identified in the section studied, were used to inter-
pret the palaeogeographical conditions of the Dalichai Forma-
tion.

There is an inverse relationship between water depth and
abundance of W. barnesiae (Thierstein, 1976). The relative
abundance of this species in the CC1-CC2 zone increases up-
wards in the Guydagh section, indicating decreasing water
depth; then, it decreases and reaches zero, indicating increas-
ing water depth, except for a brief decrease in depth at the top of
the section.

Moreover, N. steinmannii subsp. steinmannii, N. kamptneri
subsp. kamptneri, N. globulus subsp. globulus and N. circularis,
with a markedly increasing upwards trend from the beginning to
the end of the section, indicate increasing water depth from the
base to the top of the section.

Nannofossil assemblages with a high frequency of W. bri-
tannica indicate marked changes in environmental conditions
and a high input of detrital materials to the basin (Kedzierski,
2012). The markedly oscillating decreasing trend in the relative
abundance of W. britannica indicates increasing stability of en-
vironmental conditions from the base to the top of the section.

Calcareous nannofossils are good indicators of surface wa-
ter fertility. Two distinct groups were identified for the fertility in-
dex: a low fertility group with Eiffelithus spp., Prediscosphaera
spp. and Lithraphidites spp., and a high fertility group with
Zeugrhabdotus spp., Biscutum spp. and Thoracosphaera
saxea (Mandur, 2016).

W. barnesiae, recorded in samples from the Dalichai For-
mation, is an indicator of warm temperatures and low fertility
conditions (Thibault and Gardin, 2010). In the Cretaceous, the
genera Watznaueria is considered as an indicator of
oligotrophic to eutrophic fertility levels (Corbett and Watkins,
2013). In general, W. barnesiae prefers oligotrophic conditions
and low-fertility waters (Herrle, 2003; Watkins et al., 2005;
Hardas and Mutterlose, 2007). High-fertility species were not
observed in the section studied, while low-fertility species such
as W. barnesiae, L. carniolensis, and L. bolli did occur.

Pittet and Mattioli (2002) considered that W. britannica spe-
cies are very abundant in low-to-high mesotrophic conditions
(Kedzierski, 2012), while nannoconids show oligotrophic condi-
tions (Mutterlose et al., 2005). Therefore, a change from
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Fig. 6. The relative abundance of some common palaeogeographical index nannofossil species
and the nannofossil zonation of the Guydagh section

low-high mesotrophic (due to the dominance of W. britannica)
to oligotrophic (due to the dominance of nannoconids) condi-
tions is suggested from the base to the top of the section.

CORRELATION OF THE GUYDAGH SECTION
(WESTERN ALBORZ) WITH OTHER SECTIONS
OF THE DALICHAI FORMATION IN THE EASTERN
AND CENTRAL ALBORZ

The biostratigraphy of Early Cretaceous calcareous
nannofossils is a useful tool for correlating oceanic succes-
sions. In addition, calcareous nannofossils are an indicator in
studies of the stratigraphy and geography of oceanic environ-
ments (Bown, 1998). The most important application of
biostratigraphic studies is the correlation of successions based
on index fossils. Calcareous nannofossils are considered as an

accurate correlating tool, due to their high rate of reproduction
and diversity, high abundance, and wide distribution (Bown and
Young, 1998).

Examination of 4 sections of the Dalichai Formation in the
eastern (Tepal, Talu, and Lavan sections) and central Alborz
(Yonjezar section) also shows an Early Cretaceous age for this
formation (Shiri et al., 2020). Correlation of the Guydagh sec-
tion with these 4 sections was made in this study (Fig. 7). The
Lavan section was excluded from this correlation, due to lack of
zonal marker nannofossils.

Calcareous nannofossils identified in the Tepal, Talu,
Yonjezar, and Guydagh sections show that the sedimentation
of the sequences in these sections began simultaneously in
the CC1 biozone of Berriasian age. The upper parts of the
Tepal, Talu, and Yonjezar sections indicate the CC5 biozone
of Early Barremian age, while the uppermost Guydagh section
corresponds to the CC4b biozone of Late Hauterivian age.
Variations in biozone thickness indicate sedimentation rates
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For other explanations see Figure 2

(e.g., Kastens et al., 1987: p. 424; Reda et al., 2019). From
east to west, the CC1-CC2 biozone increases in thickness
and sedimentation rate from the Tepal to the Talu and Yonje-
zar sections and decreases in thickness and sedimentation
rate from the Yonjezar to Guydagh sections. Also, the
CC3-CC4a biozone shows a decrease in thickness and a de-
crease in sedimentation rate from the east to the west of the
sedimentary basin of the Dalichai Formation. Toward the top
of the Guydagh section, the thickness of the biozones shows a
general increase, indicating an increase in sedimentation rate.

CONCLUSION

Calcareous nannofossils of the Dalichai Formation in the
Guydagh section include 25 species belonging to 8 genera. The
calcareous nannofossils identified demonstrate the CC1-CC4b
biozones of Sissingh’s (1977) zonation with an age of
Berriasian-Late Hauterivian. Palaeogeographically, the Dali-
chai sedimentary basin of the Guydagh section was located at
low latitudes of the Tethyan realm with warm surface water.
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Palaeoecological interpretation of the formation in this section
shows increasing depth and productivity and a shift from unsta-
ble to stable conditions, as well as a change from low-to-high
mesotrophic to oligotrophic towards the top of the section due
to a high relative abundance of Nannoconus spp. In general,
the nannofossils recorded from the Dalichai Formation are
mainly Tethyan and cosmopolitan, but the presence of the Bo-

real taxon N. inornatus reflects a connection between the Bo-
real and Tethyan domains in the Late Hauterivian.
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