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Abstract

The Dalichai Formation in the Ahvanu section, north of Damghan city, with a thickness of 78 meters, comprises alternations of
bluish-gray marls and limestones. Microfacies and palynofacies studies, along with fossil evidence, including foraminifera diversity
and abundance, the ratio of epifaunal to infaunal benthic foraminifera, and the ratio of surface to deep infaunal, were utilized to
identify organic-rich layers and reconstruct trophic levels. These factors confirm a mesotrophic environment with average oxygen
and nutrient levels for the Dalichai Formation (Bajocian to Lower Callovian) in the studied section. The primary reasons for low
organic matter in the Dalichai Formation are attributed to low production and poor preservation of organic matter. However, dark-
colored deposits with high organic matter at the Bajocian—Bathonian boundary and the lower and upper Callovian boundaries
suggest increased production rates in anaerobic and eutrophic conditions. Macrofossil fragments (ammonites and echinoids) within
limestone deposits at the uppermost part of the Dalichai Formation, exhibiting low organic matter, and the presence of Zeophycus
trace fossils, suggest an oligotrophic environment with dysoxic conditions in the Upper Callovian.
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Introduction

The stratigraphic section of Ahvano, studied near the village
in the north of Damghan, has coordinates E 54° 10" 42"
longitude and N 36° 12744" latitude. The Dalichai Formation,
78 meters thick, exhibits shale-marl lithology with limestone
interlayers, characteristic of the structural range of eastern
Alborz. The lower boundary adjoins the Shemshak Formation
with a parallel discontinuity, while the upper boundary is
overlaid by the limestones of the Lar Formation. The
presence of facies rich in organic matter depends not only on
suitable conditions for their production but also on two other
fundamental factors: the rate of sedimentation and the
presence of oxygen-poor waters to protect them (Bombardiere
and Gorin 2000). To investigate and determine the trophic level
and its role in the formation of the organic facies of the
Delichai Formation in the studied section, various tools,
including palynomorphs, foraminifers, and microfacies
studies, were employed.

Material & Methods
For palynological studies, 18 samples were taken at intervals
of one to five meters. The samples were prepared using the

standard Travers method (Travers 2007). Each sample (50
grams) underwent treatment with hydrochloric acid and 30%
hydrofluoric acid, followed by neutralization with a heavy
solution of hydrogen chloride (ZnCl,). The treatment has
been done at the biostratigraphy laboratory of the Damghan
University. Thin sections were prepared and employed for the
foraminifera study. Statistical analyses involved selecting 20
fields for each sample, and graphs were created using Excel.

Discussion of Results & Conclusions

Microfacies studies, palynological analyses, and fossil
evidence, encompassing foraminifera diversity and
abundance, the ratio of epifaunal to infaunal forms, and the
ratio of surface infaunal to deep infaunal forms, were
employed to reconstruct trophic levels during the Dalichai
Formation deposition in the Ahvanu section in eastern
Alborz. The presence of Nannoceratopsis spp. from
dinoflagellate proximate forms, low percentages of
amorphous organic materials (AOM), and benthic foraminifer
presence, especially epifaunal species like Ophthalmidium
sp., Triloculina sp., Quinquluculina sp., and Glomospira sp.,
with terrestrial debris influx, indicates a gradual rise in sea
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level in the late Bajocian deposits, creating a mesotrophic
environment. However, at the Bajocian—Bathonian boundary,
a significant decrease in the diversity and abundance of
epifaunal benthic foraminifers is observed, with an increase
in forms such as Nodosaria sp., Textularia sp., and
Lenticulina sp. Palynological studies support these
conditions, revealing the appearance and abundance of
planktonic foraminifers Globigerina spp. and radiolarians,
indicating a eutrophic environment (Baumgartner 2013).

From sample number 10 to sample number 13 in
microfacies A2 (peloid foraminifera wackestone) and
microfacies A3 (bioclast Wackestone), there is an increase in
the ratio of epifaunal benthic forms to infaunal, with the
presence of radiolarian and sponge spicules, indicative of a
mesotrophic environment. However, from sample number 13
to 15, a gradual decrease in the ratio of epifaunal benthic
forms to infaunal is observed, with an increase in the
abundance of deep infaunal forms such as Nodosaria sp. and
Dentalina sp., leading to a decline in benthic foraminiferal
diversity. In palynological slides, better preservation of
marine palynomorphs is noted. These conditions indicate the
persistence of a mesotrophic environment until the lower
Callovian. Gradually, in the limestone deposits at the
uppermost part of the Dalichai Formation in the section under
study, there is an increase in the ratio of epifaunal to infaunal

forms, fragments of macrofossils (ammonites, echinoids, and
bryozoans) with a micrite matrix. Together with the influence
of Zoophycus fossils, these observations signify a shift from
a mesotrophic to an oligotrophic environment during the
Callovian.

Microfacies studies, palynological analysis, and fossil
evidence, including foraminiferal diversity, epifaunal to
infaunal ratios, and surface-to-deep infaunal ratios, were
utilized to reconstruct the trophic levels during the Dalichai
Formation deposition in the Ahano section. These indicators
confirm a mesotrophic environment for the Dalichai
Formation deposits in the studied area. Towards the end of
the Dalichai Formation, there is a gradual rise in the epifaunal
to infaunal ratio, and the presence of macrofossils
(ammonites, echinoids, and bryozoans) in micrite
background, suggesting a shift from mesotrophic to
oligotrophic conditions during the Callovian. However, at the
Bajocene-Batonian and early-late Callovian boundaries,
there's a notable decrease in the diversity and abundance of
epifaunal benthic foraminifers. Planktonic foraminifers
(Globigerina sp.), along with increased bioturbation,
Posidonia, and radiolarian abundance, indicate elevated
production and organic matter preservation, suggesting a
transition to a eutrophic environment.

d https://doi.org/10.22108/jssr.2023.139476.1272


https://doi.org/10.22108/jssr.2023.139476.1272

i 5 K sl iy
\\T’—Qiup ‘\Y~Yul:wl: cr": AJLQ.:A A\ ‘_ﬁlﬁ a‘)Lw:: 6r.€4. BN JL«

VEYN /00 5 &=t AARRAVVAKI PP b

‘5:..&‘3}; Jlae
Slials Jlad 53 slomds d3le 3 ladss phaw $5W5k 5 JTslge 51 28 gloaY plubs

‘-).J'.'.. ‘Ouu‘i ‘OUL“J AK:J‘J ‘Q’f-") f‘,l.‘« ;M‘J wuu:.dj c}; c)l.lbb.w‘ c®*‘_59)‘)' 4.«.”

ezarei@du.ac.ir

. SI0ISIC)
2423-8007 / © 2023 University of Isfahan

BY NC ND
This is an open access article under the CC BY-NC-ND 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

@ https://doi.org/10.22108/jssr.2023.139476.1272


https://doi.org/10.22108/jssr.2023.139476.1272
https://doi.org/10.22108/jssr.2023.139476.1272
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.orcid.org/0000-0002-3272-1975

\FeY Q\.:....:U ‘C}J a)\.a..."& A\U{lﬁ o)u ‘("'e.}kf’“dl““ ¢6.»t..':.9}.~),6)l§34;ﬁ- L;lh&h;}i VY

)‘ codlanllas ULJJ BE) LEL?-‘:JJ .LUL.«: Lfﬂ é)Lw;‘-) J:b/\;ﬁ

A oslital gl 5 S

ol anilae dalate

Shess (S35 53 Sl G iadadlas wbdes g
SE 549107427 LUl b b oliels Jlad 45 gl gl
.(\J,Qi) Sl 0k é\j N 36° 127447 U3l 2> 5 ¢
o sd bl e VA adaddlas 5 55 gl A5l
S okl i) Sl glaaVole L 5ol s
So L slads Lole o 5 e el el axlllas (o5l
U e 03 53yl 1 S L3l 5 (5lee S sl
LY e (SIS b oy SIS b5 e sba
ot sladiged (Y KE) Conl sl sl SY W5l
ol o sleds Wil il gla i aud)jcv,
Wl il 5 ey (gl ol

L5,
Sl sy Gb g Sl bl il sl
O L\ Jolss 4 aigel VA slass (Travers 2007) w5l 5
O skw pl gl Silwoslel Gl pd el (S e
ey 5 Ay (Saadly phs s 55 dsed s 5l e S
5 Ao SOl Al 5 Ko ISl O Silal
Gl S S Jdos Hepn 0SS
Kos K slge 3l G e el gslulas Jos (ZnCly)
(Thin S5 CLLS.A SF b il b dallas ) shoteas A3 plx!
O T sobl Slalas plnil (51 A3 eslizul section)
JoST 03 bls e kel S ey 5 SRl i gad S

4o s
ot ord Slgmn Bld3l slnds  (Sal = S5l 5L
(g agel Oy Jd glaes S 0T 5l sl b
Ol UL oSS i blsl ael
s sl Sl s ey Sl 1 (Ol s l)
Gl ol (55158 a5 Ko 51 5 00l e sl
33 ‘JT slse 51 28 Olsm, Cnliias (Aghanabati 2004)
Chlim L oolen W s a5l e Gl ol Ll
S sbesles; 0Ll 3 a4 cope I alse b
lalass Jols IS Cgu; Gladams 5550 JI3lse
@ odd g Olgee JlaiHaaxb s 5 obos e s (o SL3I
5 b CJ&M S gl s N
wrls (S b 4 s Ll e slge s
L e slaplas a5 S35 5 S Gladases 5 0
a &L“W)Sl She slge L3l @8 Jl- e s
b Sl e 5l oS S35 Y ¢35 Ukes 5l e 5 55
5 Ssh e atlld Y&:.éjj:ﬁ b Lopso 05,5 Xyl
s Bl sl b g3 sl S Wbl
S Olezess Dsds 5 Yo Sl a5l sl S
Slalams g 65,5 5 3550 o)Ll Sl b glae S
b e el 5o 5l danly dm al 3 oS el TSy
Goes A Jorissen et al. 1995; Holbourn et al. 2001) s s
25 5 b B3 03 S0l s e b el Dl
slpe 5l o s LS js 5 5,108 e G s sl
3575 4Kl 4 4> 55 L (Holbourn et al. 2001) ol 30 JI
ebie Loyl a anls e T slse 51 2 slae sl
S gy S el b g 4 gl 5l
Chlim (sl O3St 51 i ol g 5 (SIS gy
o2l 51 ¢ (Bombardiere and Gorin 2000) ol atusly 3o Ll

52 00 Gl Sy e S 5 e pskea )

! Oligotrophic
2 Eutrophic
% Mesotrophic

d https://doi.org/10.22108/jssr.2023.139476.1272


https://doi.org/10.22108/jssr.2023.139476.1272
https://doi.org/10.22108/jssr.2023.139476.1272

Olaels Jla 3 (laeds W5l 5 (slasdss cla.w okl s ‘_;T slge 3l s slaaY plals

Caspian

Damghan

®
Tehran sethnan

IRAN

I I Y
Turkmenistan

uejsiugybyy

Scale 1:100000 5=, study area *
city center .
village @)
Cheshme ali
Q... Astane
wis b e Shahrud
= Ahvanu *,
& s
© 1
Damghan
Semnan
36° : . |
54°00 54°15' 34°30

oﬂuwmqwﬁuéob-\ JS.&

Fig 1- location map of the studied section.
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Fig 2- The upper and lower boundary of the Dalichai Formation in the study section B- Red sandstone at the
border of Shamshak and Dalichai Formation
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(A4) 8- Pelecypod filament radiolar wackestone (A4). 9- Radiolar spicule wackestone (A5).
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