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Abstract

Chelcheli section (397m thick) about 70 km northwest of Shahroud on the Shahroud-Gorgan road (Tuskistan route), about 5 km east
of the Chahar-Bagh village is sampled and studied to investigate the DC transition and the conodont facies changes during the
Global Hangenberg Crisis. The measurement of one hundred eighty two meters of the upper part of Khoshyilagh formation and 215
meters of the Lowermost Mobarak formation led to the discrimination of 11 rock units with different sedimentary features. In total,
forty limestone samples, about 4-5 kgs were systematically collected and treated with conventional preparation methods. Three
hundred forty conodont elements were obtained, which led to the identification of 47 species and subspecies belonging to 16 genera
that allowed the separation of 15 conodont bio-zones from the early Famennian to the Late Tournasian.
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Eastern Alborz.

Introduction

In Iran, Devonian-Carboniferous sequences are found in
limited areas, but their spread is more extensive in eastern
and central Alborz and central Iran (Wendt et al. 2005).
However, these deposits are located in different structural
units and prevailing geological setting have caused different
sedimentary facies and sequences (Ashuri 1990, 1997, 1998,
2001, 2002, 2004, 2006; Bahrami et al. 2011; Habibi et al. 2008;
Sardar Abadi et al. 2015; Yazdi 1999, Yazdi and Turner 2000;
Wendt et al. 2002, 2005). The Alborz range in northern Iran is
an active fold-and-thrust belt (Alavi, 1996; Berberian, 1983) and
is situated about 200 — 500 kms to the north of the Neo-
Tethyan suture. The closure of the Palaeotethys between the
Iran Plate as a part of Gondwana and the Turan Plate
(Laurussia) occurred in the early Late Triassic and was
accomplished during the Early/earliest Mid Jurassic (Golonka
2002). During the Palaeozoic, Iran was situated at the
northern margin of Gondwana (Berberian and King 1981;
Scotese 2001). In the mid-Palaeozoic, most of Iran was located
about 20°-25° south of the palaeoequator. During the
Mississippian, the Alborz Basin was positioned at a
palaeolatitude of approximately 45-50°S (Muttoni et al. 2009;

Torsvik & Cocks 2004, 2013; Vachard 1996). Most of the D/C
sections from central and eastern Alborz Mountains have
been deposited in a shallow-water, carbonate ramp setting
(Konigshof et al. 2020 in press). However, in contrast to other
D/C sections in Iran (Bahrami et al. 2011; Habibi et al. 2008), the
Chelcheli section exhibits “characteristic rock” types around
the D/C boundary such as black shale and sandstone. In this
study, we have sampled conodonts from the Khoshyeilagh
Formation and the overlying Mobarak Formation of the
Chelcheli section with a special focus on the D/C boundary.

Material and Methods
In total, forty limestone samples, about 4-5 kgs were

systematically collected and treated with conventional
preparation methods. The samples were processed with
diluted acetic/formic acid (20%). The conodonts were
extracted from residues by hand picking and heavy liquid
technique at the University of Isfahan, I.R. Iran.

Discussion of Results and Conclusions
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Discriminated conodont species: Alternognathus,
Bispathodus, Branmehla, Clydagnathus, = Gnathodus,
Icriodus, Mehlina, Palmatolepis, Polygnathus,
Neoplygnathus, Protognthodus, Pseudopolygnathus,
Scaliognathus, Doliognathus, Siphonodella and
Scaphignathus are amongst the cosmopolitan species, the
index and indicator spacies in the study of DC boundary. The
upper Palmatolepis triangularis Zone to Bispathodus ultimus
Zone (early-late Famennian) were assigned to the uppermost
portion of the Khoshyeilagh formation within 12 conodont
zones. Protognathodus kockeli Zone to Scaliognathus
anchoralis-Doliognathus latus zone was also assigned to the
Tournasian part of Mobarak formation classified in 3 distinct

conodont zones. The presence of tiny black shale horizons
just bellow the DC boundary and its association with offshore
conodont species such as bispatotides and palmatolpids
indicates an increase in the sea level to the highest level into
near the end of the latest Famennian. Subsequently 8-10
meters of quartzitic sandstone unit with cross-stratification
and no conjunctival fauna due to lowering of sea level show
the evidence of biological and sedimentological changes
during the Hangenbeg Crisis in the Chelcheli section.
Gradual and recurrent increase in  polygnathids,
protognathids, and Siphonodellis, which are subsequently
replaced by offshore Gnathoids also indicates that water
levels are re-emerging into the Upper Tournasian.
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Fig 9- Proposed model and set of events and conditions that led to the
formation of anoxic facies and the extinction at the Hengenberg Crisis at
the Devonian-Carboniferous boundary (Caplan 1997).
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Fig 10- Reconstruction of continental palaeo e?graphy during the Famennin
stage (Scotese and McKerrow 1990; Caplan 1990%. reas indicated by dotted lines
indicate the expansion of dispersed organic mud-rich deposits of Famennin-
Tournaisian (Klemme and Ulmishek 1991?, along with the position of atmospheric

pressure cells and the position of ocean surface currents to show Upwelling
regions in the times of Famennin and Tournaisian.



WA Ol el o5led AV (ol o)l iy oo Sl ¢ lid sy 5 ) SSr sl 2o \ia

ol Sy s plinl Gl 5 VL oWlae
L e oy 5 Sado e b Sl e S
a5 ol e ‘}A‘)%JY ol s e (Frakes et al. 1992)
5 sl 5 (s (5 m gles B Ll Gl
Ol pl s s e ldl T Sasb e ol il il
SLOL > iS5 e glasl Cud Sl a5 Les
55 0 elen 4 by nl 55 el el S o
el Saab e 4 0l opl s Swolgs Iz
S el e S50 laclas I e
O a4 OF Sdpl 5 ol slse sl s Jule 53
s i a5 Ll ] Lles S Wl (gleiiS s
By S e (8l D3l b S8 ST (sl el
SRS e S bl e R (S
Sb sose gdae sle el edle Sl bk~
S odsly g 4 55 ) oS 55 5 Ko I35 Ll
2l sl e GOSN RIB e
Oles il 53 i3 2N & 5 55 ol 5 s s 5

.(Wilde and Berry 1982) .l ods e

50T Slo o o2 e ey S 53 55 S0l
LapeS 5 glsal Ol Al e oy 5 S
0'= 107 LLlAx la b e 5o (e Saas Si
Scotese and McKerrow ) .sls 513 |l Ogr 5 Jled
2 by o0 S b, L;u&: .(1990; Witzke 1990
Bt Ll s Sl J=L s v0 ° il gla 5o
—S Jrl w0 — s glask s b s sl
Gop Sl opl oy AS e sy LS o2
gldia oS> @ s S ) U S
el 5 W e e 4 el L,
033 oS 5 Jolse ol G & K51 ladshe
5 sl gl Ges oS 5 Bl S il 555 S 5
Oldaig 5 e AL Wl S el ol S
able ool 3 I slse 5l b s, S8 5 s slasl
(A JS8) 3550 s
S e Bl gl ol e s
Jlbo S SuS 5T Glaosls, A5 5 Lan S —oss
lws opobs tol (Climate controlled) J =S (gl so]

S o o S 4y o gor b 5l e Glae B s S



o )

239 S

}_,IS L;Lao)t..«})w

=z

Bjeqopedqns | ¥

1 »
m%wﬁmcwmﬁ g venBuzs) T
eynui 1dan a7 ag HES -

Bp/0510 O] ; SUD- muh, ==
I il =2 ,___,.,.,_ klze
L]

spodonsed % .—:o sjeos
sulewsl ysy < « o

sjuswbely joys ~=>
. suojseul|
mmu:m_:om%w_ >_mzw

sayqo ey VORI

spodolelq < suosaw|
senBAIg Jew
SpiouLD @ sjeys | === {In) Brequiay

S|ei0d ¢ 9jeys xoe|q
BUO0}S puEsS |,

Jamoj

101@E0) [
— A

ejeuiae0 WaN ooz samoaaos v F YUY
I @ 8oz sieutned 15 ed

(1) uepyeN

] ™o
SyroEIB ddry
esgpuibiew (07

stsuayein "ddn

sagpmsmgsnss LU0 e e 4 [}

esjiubrew

Jajyen [wen
eia}Ayoes) (MO

| aippiw

snsojnuess rddn

(A1)

NYINNINVY S

snoenfys ‘Mo

e Ot A T ey U 9d Saaig

uejuuawey

2J8)500)|
eovew iddn ™

Jaddn

esuedxa MO

ysejrahysouyy

6.4
aAg Bregseq (WBioqseq

uoissaibsuel) uelunig
jsur
‘Isps Jemaiq
sjeys yoelg Biaquabuey "

[ smesjnoe esuedxo
smejisos W

snugn fddn

snuwpn

eusz 800 15| g Yy
9Luo-

gjeonseesd Mo -
T et

Hoxooy [ddn l6:0¢¢,

1sowsaddn

Braquabuey

()

A

JaY

5 dae -y s
S

e

e‘,q.k “ ‘;ﬁ}:j\s 6‘.&0)\.})

sleyg Biaquabuey Ml/

20

BEIS BEELS
wosussg
im0 PHOpOUOYTS (5o

ereojdnp.
I~ ewopouoydis

=

Jsur

[ epeoyanp|

eddn 1ssey )addn
ejjepouoydrs

189m0

Jsw B 1B1agpues

1Biagpues| o

ejeaydospend

ejgnualo 7 |ejenuais |

3[BYS Win|y 1aM0" ﬁ

e

(500z 49s1ex)
uonoas
oabngabiagaiyog
sayosiulayy

ejenuesn * ejemnuaio |
-Btyonsosi | -eyonsos]| >

Neaeqop
UB 1S |euJno]

Jaddn
S

snodfy| - snoidfy -

Q\)Ka.a‘,‘_;n\}eg&

sidsjojewed I snyrebAlog l snpolof

Jeddn'n ...
om0 0+ 'SA+RIS snpoyeLD) I

smey smey
~SifeI04ouE |-S)BIoYIUE
Snpoudj =9 BjjepouoydiS =IS

J ud =ug

suoewn =isur]  snyleubydeos =05 sidejojewied =Eq
smugeubljog =g Snyreuboog =og

=54 g =ig

W00 0B K09 NOv %02 KO

abeg|

1102
esousb e 18 enojeds
1u0pou0a Jo Aauanhaiy LLOZ 'SiBjusLEH 16007 12 19)
) T e Jasiey| ‘6661 “[E 10 3ue
8002 RUIWS uopouoa o Bupi0oge ‘066 6s00pues » Jeibaiz

2 oy 1696, Dieqp
T e s {ippec i) SUOI2UOZ JUOPOUOD (zi0qy wivjse3) uondes

1o uosuyor 11eysey

eog

uonewno |

"OuoIyd!

(0] sseupon L

yv

qc@,DC,K&éhUL&)QI

; Kaiser 2005; Ziegler and Sandberg 1990; Lane et al. 1999; Kaiser et al.

B -ad
3]

<ol
s odile Jb & gad Ol 5 (2 bl 51 S 8903 059 4 S

Uu‘,;'ﬂck.»

Rhienisches Schieferbirge

5

Sy

(5

Fig 11- Conodont bio-facies model with changes in water level and comparison with changes
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in global sea level as well as comparison of changes in rock facies of DC transition (Johnson et

al. 1985; Haq and Schutter 2008; Kaiser 2005; Ziegler and Sandberg 1990; Lane et al. 1999;
Kaiser et al. 2009; Hartenfels 2011; Spalletta et al. 2011). (In the study of conodont facies, the

percentage of frequency of each genera in each sample in relation to the weight of the sample

before acid washing and the amount of the remaining sample is calculated).
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Table 1- Table of frequency distribution of conodonts in the studied section.
% Tlol- m(=glun|é|n|o|alo|d[aln|s|n|o|d|n|e(alo|=|a][m] £
Chelcheli section v o e oo B MR N o 2 B Bl e il e ) Rt 00 1 o 1 TG 8 0 K e
olololololololo]lVlolol o]0 ololololololololololololololololololUlololo (=
Alternognathus regularis regularis bl o 1(1 5
Bispathodus aculeatus aculeatus 52 22 12
Bispathodus aculeatus plumulus A ) s
Bispathodus bispathodus 1]2] ]2 9
Bispathodus costatus M1 21 B 20T 6
Bispathodus costatus M2 g 1 e 6
Bispathodus jugosus 2| ] 1 6
Bispathodus spinulicostatus 1 2 1 4
Bispathodus stabilis stabilis 1 1 1 1 1 9
Bispathodus stabilis vulgaris 1)1 1 2 1)11(3 12
Branmehla ampla SE [ 1 3
Branmehla bohlenana bohlenana 1]1]2 1]2 7
Branmehla inornata 5 [ 1 0 [ B [0 Y P 14
Clydagnathus plumulus 1 1] 4
Clydagnathus cavusformis TN [ 4
Doliognathus latus 1 1
Gnathodus cuneiformis EAEYES 4
Gnathodus punctatus BT 2
Gnathodus pseudosemiglaber [ B sEr E2et] 11
Gnathodus semiglaber 0 U e e 8
Icriodus alternathus alternathus 112511 19
Icriodus alternathus helmsi o ) S 3
Icriodus cornutus e 3 ol D 0 0l 12
Mebhlina strigosa Il 11 8
Neoploygnathus communis 2 | | e ) s Y 1 21
Palmatolepis gracilis expansa ad) [ 7
Palmatolepis gracilis goniocylmenia 1 1
Palmatolepis gracilis gracilis o LS e 1 10
Palmatolepis gracilis sigmoidalis 1 21 9
Palmatolepis minuta minuta 3] Sk e | Ll L e 8 | 13
Palmatolepis quadrantinodosalobata 1 1
Palmatolepis rugosa trachytera d! 1
Polygnathus granulosus 1 1 i
Polygnathus inornatus inornatus W 2 20| ST R R0 14
Polygnathus longiposticus ah| 2] 2i| a2 10
Polygnathus nodocostatus nodocostatus il 0] Rl I ] [ 1 8
Polygnathus padovanii 1(1 1)1 oy
Polygnathus semicostatus 1 112(2|4]1 1 3 2
Polygnathus triphylatus 1.12) 3
Protognathodus collinsoni 1 1 2 2 7
Protognathodus meishneri a8 ] 3| S| | 9
Pseudopolygnathus primus 2 2 1111 8
Pseudopolygnathus cf. pinnatus 1 1
Scaphignathus velifer velifer 1{1f1f1 4
Scaliognathus anchoralis 1 1
Siphonodella obsoleta i 1
Siphonodella praesulcata 1 1
TOTAL 3|5(12|117)2|7]9]|13|16|11] 7]12]|19 29125{3|11({5]5|8[7|5[9]2|5]|3|7[4]4[3]1]2[1] 340

Clydagnathus, ~ Gnathodus,  Icriodus,  Mehlina,
Palmatolepis, Polygnathus, Neoplygnathus,
Protognthodus,  Pseudopolygnathus,  Scaliognathus,
Doliognathus, Siphonodella and Scaphignathus

ol e 53 (B2 S sl— B

ol oaliisl (V Jpdzr) ol gy 50 0 lddir S
se3sm o 35S pole Saibis S be ol
CAl 4 - (Epstein et al. 1977) lacs 53 58 K55 uiS bl

ol 4.5

Alternognathus,

A el 5l el s ay 99558 e Y sl
“ dﬁjaj_:sjd.a;.o\”\“ sloss Canae o Qﬂ\ R
VE s date 5,8 55 5 458 Y plelis 4 oS el cs

sl o (505
Bispathodus, Branmehla,
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Fig 12- Conodonts from the Chelcheli section, Scale bar is given for each sample.

1- Palmatolepis gracilis sigmoidalis Ziegler 1962a; Upper view of IUMC 723, sample ch1l, X 100. 2- Bispathodus
aculeatus aculeatus (Branson & Mehl 1934a); Upper view of IUMC 724, sample ch14, X 100. 3- Bispathodus costatus
(Branson 1934) Morphotype 2; Upper view of IUMC 725, sample ch14, X 150. 4- Clydagnathus plumulus (Rhodes,
Austin & Druce 1969); Upper view of IUMC 726, sample ch15, X 150. 5- Palmatolepis rogusa trachytera (Ziegler
1960); Upper view of IUMC 728, sample ch8, X 150. 6- Polygnathus triphylatus Ziegler, 1960; Upper view of IUMC
729, sample ch8, X 150. 7- Palmatolepis minuta minuta Branson & Mehl 1934a; Upper view of IUMC 730, sample
ch4, X 150. 8- Polygnathus semicostatus Branson & Mehl 1934a Morphotrend 3 sensu Dreesen & Orchard (1974);
Upper view of IUMC 731, sample ch15, X 150. 9- Bispathodus stabilis stabilis (Branson & Mehl 1934a); Upper view
of IUMC 732, sample ch15, X 150. 10- Bispathodus aculeatus plumulus Rhodes, Austin & Druce 1969; Upper view of
IUMC 735, sample ch15, X 150. 11- Scaphignathus velifer velifer Helms 1959; Upper view of IUMC 736, sample ch9,
X 150. 12- Bispathodus spinulicostatus (Branson 1934) Morphotyp 1; Upper view of IUMC 737, sample ch13, X 150.
13- Branmehla inornata (Branson & Mehl 1934a); Upper view of IUMC 738, sample ch18, X 100. 14- Clydagnathus
cavusformis Rhodes, Austin & Druce, 1969; Upper view of IUMC 744, sample ch18, X 150. 15- Bispathodus jugosus
(Branson & Mehl 1934a); Upper view of IUMC 746, sample ch12, X 150. 16- Pseudopolygnathus primus Branson &
Mehl 1934b; Upper view of IUMC 748, sample ch24, X 150. 17- Bispathodus stabilis vulgaris (Dzik 2006); Upper
view of IUMC 750, sample ch18, X 150. 18- Bispathodus spinulicostatus (Branson 1934) Morphotyp 1; Upper view of
IUMC 751, sample ch16-1, X 150. 19- Polygnathus granulosus Branson & Mehl 1934a; Upper view of IUMC 752,
sample ch14, X 150. 20- Gnathodus semiglaber Bischoff, 1957; Upper view of IUMC 753, sample ch30, X 150. 21-
Neopolygnathus communis (Branson & Mehl 1934b); Upper view of IUMC 755, sample chl3, X 150. 22- Icriodus
alternatus alternatus Branson & Mehl 1934a Morphotyp 1; Upper view of IUMC 756, sample chl, X 150. 23-
Bispathodus costatus (Branson 1934) Morphotyp 2; Upper view of IUMC 759, sample chl6-1, X 150. 24-
Alternognathus regularis regularis Ziegler & Sandberg 1984; Upper view of IUMC 761, sample chl5, X 150. 25-
Gnathodus pseudosemiglaber Thompson & Fellow, 1970; Upper view of IUMC 765, sample ch35, X 150. 26-
Icriodus alternatus helmsi Sandberg & Dreesen, 1984; Upper view of IUMC 767, sample ch3, X 150. 27-
Palmatolepis gracilis gracilis Branson & Mehl 1934a; Upper view of IUMC 771, sample ch9, X 150. 28- Palmatolepis
gracilis expansa Sandberg & Ziegler 1979 Morphotyp 1; Upper view of IUMC 772, sample ch15, X 150. 29-
Protognathodus meischneri Ziegler 1969; Upper view of IUMC 782, sample ch24, X 150. 30- Protognathodus
collinsoni Ziegler 1969; Upper view of IUMC 784, sample ch22, X 150. 31- Gnathodus cuneiformis Mehl & Thomas,
1947; Upper view of IUMC 789, sample ch27, X 150. 32- Polygnathus nodocostatus nodocostatus Branson & Mehl
1934a; Upper view of IUMC 792, sample ch1l, X 150. 33- Bispathodus bispathodus Ziegler, Sandberg & Austin 1974;
Upper view of IUMC 793, sample ch15, X 150. 34- Siphonodella praesulcata Sandbeg, 1972; Upper view of IUMC
797, sample ch16-1, X 150. 35- Polygnathus padovanii Perri & Spalletta 1990; Upper view of IUMC 800, sample ch6,
X 150. 36- Pseudopolygnathus primus Branson & Mehl 1934b; Upper view of IUMC 806, sample ch21, X 150. 37-
Icriodus cornutus Sannemann, 1955; Upper view of IUMC 823, sample ch4, X 150. 38- Polygnathus inornatus
inornatus Branson 1934; Upper view of IUMC 827, sample ch26, X 150. 39- Palmatolepis quadrantinodosalobata
Sannemann 1955a; Upper view of IUMC 830, sample ch4, X 150. 40- Gnathodus cf. punctatus (Cooper, 1939); Upper
view of IUMC 831, sample ch26, X 150. 41- Doliognathus latus Branson & Mehl, 1941 Morphotype 2; Upper view of
IUMC 836, sample ch4, X 150. 42- Siphonodella obsoleta Hass, 1959; Upper oblique view of IUMC 836, sample ch4,
X 150. 43- Scaliognathus anchoralis Lane & Ziegler, 1983; Upper oblique view of IUMC 836, sample ch4, X 150. 44-
Pseudopolygnathus cf. pinnatus Voges, 1959 Morphotype 1; Upper oblique view of IUMC 836, sample ch4, X 150.
45- Palmatolepis gracilis gonioclymeniae Miller 1956b; Upper view of IUMC 841, sample ch16-1, X 150. 46-
Polygnathus longiposticus Branson & Mehl, 1934; Upper view of IUMC 853, sample ch26, X 150. 47- Branmehla
ampla (Branson & Mehl 1934a); Upper view of IUMC 868, sample chl13, X 150. 48- Branmehla bohlenana
bohlenana (Helms 1959); Upper view of IUMC 870, sample ch10, X 150. 49- Polygnathus purus purus Voges, 1956;
Upper oblique view of IUMC 870, sample ch10, X 150. 50- Protognathodus meischneri Ziegler, 1969; Upper view of
IUMC 862, sample ch21, X 150. 51- Polygnathus inornatus inornatus Branson, 1934; Upper view of IUMC 872,
sample ch21, X 150. 52- Gnathodus semiglaber Bischoff, 1957; Upper view of IUMC 781, sample ch26, X 150. 53-
Neopolygnathus communis (Branson & Mehl 1934b); Upper view of IUMC 790, sample ch7, X 150. 54- Bispathodus
aculeatus aculeatus (Branson & Mehl 1934a); Upper view of IUMC 815, sample ch13, X 150. 55- Pseudopolygnathus
primus Branson & Mehl 1934b; Upper view of IUMC 807, sample ch22, X 150. 56- Polygnathus granulosus Branson
& Mehl 1934a; Upper view of IUMC 745, sample chl5, X 150. 57- Bispathodus stabilis stabilis (Branson & Mehl
1934a); Upper view of IUMC 732, sample ch15, X 150. 58- Bispathodus jugosus (Branson & Mehl 1934a); Upper
view of IUMC 734, sample ch15, X 150.





