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Abstract

The Devonian/Carboniferous (DC) transition is characterized by several transgressive/regressive cycles which led to a
widespread ocean anoxia known as the Hangenberg Black Shale Event (HBS), close to the D/C boundary a major sea-level fall
(Hangenberg Sandstone, HSS), can be recognized in many sections around the world. Both events known as the Hangenberg
Crises. In order to examine the D/C transition, the Mighan section, in Eastern Alborz was selected and studied. The outcrop
section is located 25 Kms NE Shahrood city. Frothy five conodont samples (4-5 kg) were systematically taken from 91 ms of
the D/C transition interval. Although the conodonts show low frequency but high diversity exhibit important zonal index taxa of
the widely applied conodont standard zonation. Twenty-three conodont species belong to five genera were identified and let to
discrimination of six following zonal boundaries: Bispathodus aculeatus aculeatus zone, Bispathodus costatus zone,
Bispathodus ultimus zone, praesulcata zone, CKI interregnum, sulcate zone. At the D/C transition in Mighan section a black
shale and sandstone units are observable that corresponds to the Hangenberg Crisis, that highly affected trilobite, ammonoid,
brachiopod and conodont faunas. Kockeli Zone at the latest Famennian is missing at the studied profile due to the major sea level

regression.
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Introduction

The study of DC boundary, the mechanism and reasons for
the reduction of different fauna, has been an important issue
for many paleontologists in the world and in Iran as well.

DC boundary is one of the most important boundaries on the
Earth, in or shortly before which, an important biological
event called Hangenberg event, occurred. The Hangenberg
event is one of the major events in the Phanerozoic, and
affected more than 20% of marine invertebrate families and
45% of the general population (Simakov 1993; Sepkoski 1996).
The Hangenberg event has been identified on epicontinental
basins and continental margins in the world. Black shale and
Sandstone deposits are very important in identifying this
event in different climatic and oceanographic studies. Kaiser
(2005) considered that the Hangenberg event is a polyphase
crisis, and different groups of fossils from different climates
affect, including various rock-diverse changes, and black
shales is the main extinction phase of the Hangenberg crisis.

These black shales (HBS) occurred during a vast and short-
term marine flooding surface within costatus-kockeli
interregnum. Successively, a vast eustatic sea-level fall at the
end of the Devonian led to deposition of HSS (Becker 1993a).
DC boundary is defined via the first appearance Datum
(FAD) of the basal Carboniferous conodont Siphonodella
sulcata, from Global Stratotype Section and point (GSSP)
located in La Serre Trench E’ section, Montag Norie, France
(Paproth et al. 1991). However, the decision to define the DC
boundary based on the evolutionary species of Siphonodella
has some limitations such as: Detection of morphotype Si.
sulcata is very hard because Holottape of Si. Sulcata is the
interstitial state of Si. sulcata and Si. duplicate (Huddle 1934)
and between the Si. praesulcata and Si. sulcata, there are
many morphotypes whose exact diagnosis depends on the
long-standing personal taste (Kaiser and Coradini 2008). In
order to solve this, Corradini et al. (2011) by revising
Siphonodellid in the type section and other global sections,

* Corresponding author

Copyright©2019, University of Isfahan. This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/BY-NC-ND/4.0), which permits others to download this work and share it with others as long as they credit it,

but they can’t change it in any way or use it commercially.

Doi: 10.22108/jssr.2019.116489.1094



https://jssr.ui.ac.ir/article_23862.html
http://ui.ac.ir/en
http://ui.ac.ir/en

50

Journal of Stratigraphy and Sedimentology Researches University of Isfahan, Vol. 35, Issue 2, No. 75, Summer 2019

divided Siphonodellids into seven groups based on the
Platform's shapes, Basal cavity and features of Pseudokeel.
The base of Carboniferous system is also defined by the FAD
of Protognathodus kuheni (Corradini et al. 2011) and according
to new global zonatin of Corradini et al. (2016) and Spalleta
et al. (2017) is defined by the FAD of Protognathodus
kockelio.

The main purposes of this study are to summarize a
detailed stratigraphy below and above the D/C boundary in
the Mighan section, on the base of conodonts according to
new global zonation.

Material and Methods

During field work, 91m of the Upper Devonian—Lower
Carboniferous succession at Mighan section has been
investigate and about 45 conodont samples (3-4kg each) were
collected from the Mighan section. The samples were
processed with diluted acetic acid (20%). The conodonts
were extracted from residues by hand picking and are stored
at the University of Isfahan, I.R. Iran and also State Museum
of Natural History Stuttgart, Germany.

Discussion of Results and Conclusions
The Mighan area is located about 20 km northeast of Shahrud
city which is located near the Mighan village. Geographical
coordinates of the base and top of this studied section are: N:
36° 38’ 38", E: 54° 57’ 55" base and N: 36° 38’ 39", E: 54°
56’ 55" top. This section includes late Devonian uppermost
sediments of Khoshyeilagh Formation (74.47 m thick) and
lowermost Carboniferous of Mobarak Formation (16.53 m
thick), which subdivided into six lithological units (units A to
F).

The conodont zonation scheme proposed by Corradini et
al. (2016) and Spalleta et al. (2017) for the Upper Devonian
and Lower Carboniferous strata were utilized for lower part

of the Mighan section in this paper. According to these
conodont zonations Protognathodus kuheni is considered as
the base of the Carbonoferous. However, due to the lack of
Protognathodus in the Mighan section, we used conodont
zonations of Kaiser et al. (2009) to define DC boundary
based on the appearance of Siphonodella praesulcata and
Siphonodella sulcata. Totally five bio-intervals have been
discriminated in the Mighan section: Bi. aculeatus aculeatus
Zone, Bi. costatus Zone, Bi. ultimus Zone, The praesulcta
Zone, The Costatus-kockeli interregnum (CKI), and the
sulcata Zone.

Field works and lab examinations led to identification of
a dark and organic-rich shaley horizon at the D/C transition
which corresponds to the costatus-kockeli interregnum (CKI)
conodont biozone and are indicative of Hangenberg Crisis.
Transgression of seawater and expansion of dark shales
caused the organisms to wipe out and following regression
formed HSS in the Mighan section.

These dark shales are representative of the dominance of
dysoxic to anoxic conditions accompanied by low rate of
deposition and considerable decline of organisms. The
migration of anoxic waters during the transgression of sea
water, which is evidenced through the occurrence and
increase of conodont species such as Bispathodid, gave rise
to the losing habitats, invasion and competition to occupy the
habitat and extensive decline of benthic organisms. The
reduction of brachiopods, trilobites and ammonoids in the
dark shales and topmost beds at the Mighan section are
potential documents for this event.

Despite intensive sampling in this study, no latest
Famennian kockeli Zone was recognized at the studied
section implying the presence of disconformity and
discontinuity of deposition. Therefore, the basal limestone
immediately above the sandstones at the Mighan section is
comparable to Early Tournaisian Si. sulcata Zone.



i s 5 ) Kar gl iy

AARYAY QLZ....:L’ 4(#}.3 a)ij: MO vd\.::v a)Lo.j: 4(.,>;u_ R Jl
g g5 e &

AR YA VAR R JVRY Gl IYAA/YA [J o &b

VY-¥4 B

94l 3 adled Bl By 53 il Jade S - SLL s gy o Kaa
S5

Ol clgiaal oS5 sl adSCls  poslid a0, ool oo 5 i (550 Somes S5 5 0 P
tahere.parvizi@gmail.com
"Il Olgioal oSSl (o sl o dSEl> ol n 09,5 LS o) o I
a.bahrami@sci.ui.ac.ir
I e ) ST gl oy 23] e ey 0o ) ltils g8 Sl 1 150
dr.sandra.kaiser@gmail.com
o] o2y 3405 med U 0 oS i i3y s 0 O] o 328558 oy

peter.koenigshof@senckenberg.de

oS>

(P o=l ool 5B B0 5l gl D53 50 s els B Adled (e kS Y 5 Oline Sy (5 kS O L Ol
alllan | slinss o 25 it 8 = 2V > Slanigd S 5513 355 (o =S o) S35 53 slaeais Sl ol T J15
S A e ) 5 Sl sbay (S 8505 YO st cpl s aallas Jis S 0555 LIS ety 6 Kar s s
gL s Ll i 0 4 e a5 S Y Lol B5558 —aie YA sl (alKa el slaaddllas b 5 il
LS e 3 05ipl G5 (Il Sl sl cesay slaci s S
Bispathodus aculeatus aculeatus Zone, Bispathodus costatus Zone, Bispathodus ultimus Zone, praesulcata Zone,
ckl, sulcata Zone.
S gl ezl Jlex 3 olkad (sa0s5nb 5 Gl S JI5 b oddaddlas i (K S 5 K0 S 3 dglie
oeels sla0 3L op AT s kockeli Zone x5S 055mb 555 5 50 ool 05 piale 2 (Stwsnl olulid 4 id 0 S - s
S 03 Smwicle 331 S aalsl 5 50,5 Jod Sl _;Eél&bt,igfl_{i{bﬂ}&\fha G o eiomed LS 2 e
seb oS Ol Ly s B L oS dale l il GLLII LG S iSis a3 B3l L aS A o S s S0
sl daalllan 5 53 Lacoi s S 5 Las g oSy ooyl 5 daid isel U 6y |y 80 i 058 e oo ie LS

RGO IPTEI

Olge o o8 o&in sl i S = w3 538 3T i s S SUL s (a1 lS glao3l

RN CEEIS SENPENVS Nty

Copyright©2019, University of Isfahan. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/BY-NC-ND/4.0), which permits others to download this work and share it

with others as long as they credit it, but they can’t change it in any way or use it commercially.
Doi: 10.22108/jssr.2019.116489.1094



https://jssr.ui.ac.ir/article_23862.html

\YaA QL“»«JU ‘{)b AJL«.& ¢Vb‘_>)_:l:.; AJL;.f» 3 V’hu = dL.u &;.»L'..;;.;).u) 3 Lg)lim.._a_- L;L&&A)}i oY

(Ashuri s ledi aaJlas S J)L 9 QL&:JS uu«w.Jﬂ 4Q;§J~J:
1990, 1997a, b, 1998, 2002, 2004, 2006; Ghavidel-Syooki
and Moussavi 1996; Ashuri and Yamini 1996; Yazdi 1999;
Yazdi and Turner 2000; Hosseini-nejad et al. 2002; Wendt et
al. 2005; Bahrami et al. 2011 Weddige 1984; Wendt et al.
2002; 2005 Habibi et al. 2008, Hairapetian & Yazdi 2003;

Sardar-Abadi et al. 2015)

— 33 538 Sletas e S Sl a5
53 Sb b b 3 plaadlas lnl s is s S
Bahrami et al. 2011 ..ol plasil 3 i 5,1 45 >
Si. sulcata uJs $ sl jaxli i S sl wax 5L
Pr. mishneri .5 $LS 555, sai S 5 Si. praesulcata ,
(o3 S S |y a0 9 S — 53 4,48 Pr. collinsoni
5 oarls B8 ediandlas gla 5 5l &@A BEJSICTN
Upper e=L% 4aSPr. kockeli slg> caal gl
Pr. i5,S 5 (Kaiser et al. 2009) .| praesulcata Zone
S <)le 4 gsulcata/kuehni Zone 2> 45 kuehni
(Kaiser <ol a5 S =55 ,48 » slate ssulcata Zone
ar S1 50 ol g 5 55 ALl 52> et al. 2009)
ol oy adss S - is ;4.5 Habibi et al. 2008
Si. praesulcata «ules S a5 Si. sulcata sz s
sandbergi o3 s 1, Pr.  kockeli s duplicata o3 s 1,
S Sl e gl > 5 Slas 45 Wil
(Hairapetian  a_oJl> 5, 53 .S o Wl a5 9 S — 090
- Si. praesulcata &S .lul s 50 and Yazdi 2003)
i Sl a S ol el e e s 2V
(L oriss slaaind s oo laatig 513
s andlae B addls 5y s a0 s S - s ).lfi)u&
~ o3 I Sl Jome sz 4 ol SEag5 o
Gl S 5 4 ons a5 b Olkee 5 53 hip S
P - B I L IR - P LR WP R

EPRg 4.:.>'-\>ﬁ.

DA s e (B0 S selBs 5 Oy sk

A9 S e
Sl Slatas 50 ot f 5050 Sl Cpel e 5L,
S(ICS) bidaar Mallonn &S s 525 = 52 LIS

4nadle
J=Ys 5 B 5w 5 a8 S = esn e S5l anlla
i (055 3 ey el o s U5 alS
o35 ol das wr b Olubiday s Gl et g
(Walliser 1996; Coen et al.1996; Webb 2002; Kaiser <!
— sl e N 3 =l 2005; Kaiser et al. 2016)
S i&in gy Bl O 5l i oS oS ol wliiias
Sl o3ls oo el Sls g geoi g 5 Sl g g0 (Gl 5
5o S oK Bl (Walliser 1996; Sandberg et al. 2002)
FO 5l G aS ol 555,06 Sop s e Sl
Az, T 5 (Sepkoski 1996) ols yo 50 o gos dn
5 (Simakov 1993) il esls L1 5 Sl 1 aesl il
Sl S35 50 ol as )y sl ey diilen Sy kil
ol 0ol Lol g, ol (Kaiser et al. 2016)
{(Becker 1993a; Dzik 1997) ,lss 5 Jli v sl al K
(Simakov  Ges 5 G—espS sl Ol b,
5 (Webb 2002) i, sloaler e s, 1993)
ot Si Gl g Sl (ol 3,513 b0 o
(Streel et al. 2000) ousl 65

S5 ladaos 5l G5S|  slys) S5 S L
SN L ol sl e S oK sl b oL
35 5 e S sl 5l e SO en
s S|l laas S aw s 00 L& (Walliser 1996)
et 3 S S = ed SIS 53 ST e 5 SIS
55 LauS 6 gel s 21,81 Ol e (Walliser 1996) il
((Becker 1993a) ol 03 5 Ao ;3 AD 5 9d > aisl> ]
=l 2 g enls & assls ol 53 Lali g 58 age 241
OalS 4 55 el Sl s ladsga s S0l 5 e LG
(Ziegler and Sandberg Jlaz, oo Sl LJJ:_, FRUSHIPTRINLY
slacl 3555, Glaols o wisl> -l 1 3 1084)
s (Poty 1999) Jle3l Jal S ouSa G
(Weber 2000) Llad; o 51 JolS 5 gbas Lady ) 5 5o 2l

el A S 5 b s laaiig 50 Ol 5o
a5 gl dassn 58 Aile lises Oldis o3 (Slos 5
365 ol Glsas s s Lach sl 5 ool



or Oer 5 S n o ml

Ol i 53 el S S = LY i slaanig (e e

gL._:UJ;u)J ‘Q%Mduu'zﬁﬁ%ﬁ;—&gs
Lo Ol o 03 A S —0nss 538 5o oulde s
(ool A g bs 5 e Sy ax S Carnic Alps 1l
3= 55 L a,lus 555 Sisulcata o5 48 45 S
eb_a.sﬁ Si. sulcata 6’3}.})_’5 L}f dbLGJ:P ))‘,é} ‘Lauzj
R0 S e ey a3 855 SLSU 3 & L
(Corradini et al. 2003; ol 03 S 5,43, fL@*‘ Ll i S
.Corradini 2006)
IS Slatunw §,0 5 Olsl 3 Si. Sulcate s praesulcata
5,93 o, » L Corradini et al. 2011 « 45 5 S = 15 95
Sl o plw s S 5, Siphonodellid glacs ss 55
Poool i a bgpe gadlie 54U YY 4 by o) Sl
St Ol g pdy JSG el 2 1 el (St
> Pseudokeel S35 5 Basal cavity ,l &l g LS
Lﬁmﬁuﬂlwgﬁjw)jbkbﬁ&ﬁgﬁejﬁw
)Hﬂj Y ajjj)_’_& . u.é_‘a-_mw c.l_».i':.)\.; Lgl.ad.“.ia BE
«slsl duplicata Zone U 5 s 4 e 5T lower praesulcata
ssulcata Zone 053 ply ol L s & 5\ 65,8 b e
O slees S Ll o aslsl Lower duplicata Zone b ¥ o5 S
L5 0a oy, S o5 a5 s¢bsulcata Zone sl ;5 V
lower duplicata Zone G ob o S sandbergi Zone uﬁ,
L+ «slsl duplicata Zone i, GV es 3 5
Slatise 58 S8 02 5pdls g 50 [ 5 skien,
Al 59558 055U Si. praesulcata  Si. sulcata
S 5 S = 93 3 S (51, Siphonodella gl-4
L;:-’.PJ—S Jm_} uw\ ml._.w\ — ‘h:»._.««d\ o bL@._«:».:.i
Soss s 55SY s Sle bas o5 Protognathodus
Sy LT O3 53 s b glaai 8 51 5 Jole o,
S 4_:%57]]44 ))%ﬁ;—&éjé ).lfug.:;d LS‘J" ol
(Corradini et al. 2011) ..l
Protognathodus ;I «— S ,L¢> Corradini et al. 2011
Protognathodus  [Protognathodus meishneri J.L_:

Protognathodus s Protognathodu kocheli «collinsoni

N Il 53 (IUGS) poss psbe Ml ol
»>Montag Noire i_>U ,sLa Serre 5,5 ;5 5y,
i3S =93 50 Sl GSSP Ol |y il b
Laserre 5,5 5 » a> S| (Brand etal. 2004) .3 § L s
o Sl o o Ol O 3 el gl
Sladerd gy b JBi1 i S - iss SIS G e
0L (g (slaasllas (Paproth et al. 1991) 54 35568
il s diasl S B (gl el s e sl
Lt Lo ol Lol s ediandlas (gla o 51 5 5 105
— s 5k S Aol s s 3l 5 (Kaiser et al. 2006)
e S emd Sl 5 LSS (e nl s A S
S R S PV P YSt15 KSR PPN VP
b 3 55 s oLl Hasselbachtal Likais js o35 50
S e sl SeS sl s Ol gea e Nanbiancun
(Brand et al. 2004) Lo b S L s
58 Hseb e el il S0 S - i IS
i S s> L sl Siphonodella sulcata s 5 S
95 o=l e A= &S A a0 Siphonadella prasulcata
Si. praesulcata Zone ;| Si. sulcata Zone s.:S1a- (4 S
335 . vy 5 b e 5 (Paproth and Streel 1984) s,
i Siphonodella > 55558 sbaa S As jasie
35l I sl L) Sk slae s o
SL# L) S5 gl 5o 5 dsls 55z (Ci50 585
(Wang and L 55 gas oo (01 20555 5 LSl Ol 0 Lo
Si. sulcata U Jpa 4 SCol Cdedany imean £Yin 1987)
I, Si. duplicata ; Si. sulcata ..l cJl> (Huddle 1934)
Siphonodella sulcata &S sla sl 5,50 asels o)l
U I USRI [ U COU: VUM BV PO
L2l 4l sk duplicata Zone o5 5l Lac—b 53 5
onl 53 e 2000 51 K3 S (Kaiser and Corradini 2008)
Glras S 53 sy ge sl sl Sl e
Ll 585 jaseis 45 ol Si. sulcata 5 Si.praesulcata
b S e plonil aliday py pasd Aide 4wt OpSU
I8 il sls 5o 5 (Kaiser and Corradini 2008) .ol

! Global boundary stratotype section and points



\YaA QL“»«JU ‘{)b AJL«.& ¢Vb‘_>)_:l:.; AJL;.f» 3 V’hu = dL.u &;.»L'..;;.;).u) 3 Lg)lim.._a_- L;L&&A)}i o¥

sdnie Glad S sy w5l g o p S8 S — s
sl Ar 55 5 5 S (rils s Bispathodus .o
o o b o o s s el Sl b3 5L
e A S s VL el (o5 o
I, Pr. kockeli ;4 ¢b e 5 Bi. ultimus o> op =1
D Sl s e S = e SIS el 6l S0l
s e S 3Lel Ol ymeas Pr.kockeli olssl cle ax S|
s gbaa S jasis [Kie = 501 Sl 528
Spd oy s bl 50 oBs ol (ol Siphonodella
Gl S Coanl ) g Sl 5 8505 Glons
ol g5 5| 5 3515 0 Bispathodus .o il
0ol as oo S = s SIS 5o 1) e sl 5L
(Spalletta et al. 2017) 5 .5 .
5,55 el sl Spalletta et al. 2017 ulg s
5 sls plsil el ey Glaadb (S50 5S a0 5l
L2055 2b = Sler bl L Gt Ol
b oS el (S5 ST psede 35 5 ety
DS Iy 53528 slaas S 5 s Laa S (FAD)
gl s s S Al Sl 5 58wl s wldas
i S 3 05SU S bl 2 055l o2 Ol
(FAD) 05 oSG 0T jpgb s bl 05500 5o

Dy

o b 5 2Ll g Cend e

SreskS Vo 5 Olsue Gl kS 0 5 Ol 5 5
(V JS8) B33 3l ol 05 03 s mla & adles
N: 36° 38" 38" 5 E: 54° 57" 55" i 1 sdels Slamss |
N:36° 4 E:54°56'55" i, by ol i Slases
(1 JS8) 5 ls 13 387 39"

w038 5l A0S S e B A S ) |y kuheni
Bi. 4,8 3l a5 o _.IProtognathodus meischneri
23 S G535 5 sbas L (Ziegler 1973) s o5 5 stablilis
b e S L Ql_»)'(,_a Upper expansa Zone
(Corradini sl o 3iiw Siphonodella i 4 S -pxss
Pr. i 5 >3 Pr. collinsoni iS5 et al. 2003)
e S a0 S 53 a5 ol sl slazsl meischneri
— 3 1, Upper duplicata Zone & Upper expansa Zone
Middle praesulcata Zone s Pr. kockeli &5 .6 .5
Pr. collinsoni i 58 51 oS ,oKon sl 3l ey dslidL
Jl—s s> 5 lower crenulata Zone L5 5 sus il
55 1y sddaslllas bLa ;L. s sandbergi Zone 5 IS
S 5y e Prokuheni Gl sl Lice sy = 55,5 o 5
L s ol Gt i g S ST 1 a0 S ol SRy
«(Corradini et al. 2011) 4L _» i ,=.S sanbergi Zone
L oSS Sler ol sloraas ool assl (ol sl
S1(Pr. kockeli) a8 G Les oS ol ol (S o 5 g
o=l sl Sler mis s SASy e ) 855 ke
sl S Sl oS b ahslSl peh Clow w8
3l i S = i3 IS BUS Wl e S oS0
S S Sl i S50 e il S50 558 4
AS e ¢l S s ol Il Ol s
.(Corradini et al. 2011) 5,3 45 5 S — -y 95
59555 slad ) kg Corradini et al. 2016
! = I, lower duplicate Zone L5 Middle expansa Zone
SES|y 5 anw s T A5 S wp Lid Osiml S
Bispathodus J—ile —age sloa o> —wlida o
Branmehla

[Polygnathus [Palmatolepis

Siphonodella s Pseudopolygnathus (Protognathodus

S8 S o el iy ey o sken |



oo

OLen 5 (509, 0,ml

wObr G 3 3BT S S - SLL s sty K ar e

37°00"

D Shahrud
"
Tehran

IRAN

36°00°

Shahrud
0 10 20km
Kalateh- .
Roudbar, ™\ Highway
100 km Oman Sea — Second class
Damghan way
B City

54°30° 55°00°

Study area

(Bakhtiari 2003) o1 4 g iws sbaoly 5 sddandllas o oldl i Connd g =\ S

G 55 K3l 65 b b (Ko gl b 2 p opl 3
Bl oy e a0ls (S e g0 5l 515
Jels VU yae 5 Sal&Ks slaaVola U L
S ol S L p S Sl g 035 slacSalSin
o> (Wendt et al. 2005) L )ls Culbes e Yov 50> Ky
L3l 5 (il b (S sl b L5l (5 ol

(Y JS2) 2l 3 Sl
Amiri 2010 Karimi 2001 Birounrou 2001
|, sasdlls Yazdietal. 2005 5 Mossadegh et al. 2005

et al.

o 03 Sobe 5 GV o glalisle 5l s s (g

oot B Sk S oS 5 o ol 2

S e s Lol O by glaise 5 2015 O5ai)
L b ol oo Lask W5l .ol Olage0laber slac izl
5 Osdhw Jold a8 355 gty 26 FY S0 el
SLraYObe Lol jon a8 5 50 3 Sl e IS Kivvanls
P o=l 03 Bl s Bl ol Gl 5 IS
S (Sl bl 5 5505 20 QY0 350> elies
Svaale 5 Lo a5 LaaVOba b ol pan ol
Fomed Glmo ;S Olies 2 p 55 BVl b dile ol
sk 5 0L 5L 0L LS aden 5l (ol aliss

Lilesls fl}u‘ Ql}.:d Sjl_nﬁ J\.UL..» .J)\.) b .L;ﬁjs LSLM"}J’.'} dl}-JA cC.A:JL_:J)f
Geological Map of Mighan N
Legend
54°57°03" 55°00'36" 55°04'07" g Hr e
§ 3 o Piedmont and alnial fan
3 i 7 - 5?: Shale. Coal and Sandstane
;°_ .g 3 12 Sk J! - Sandstone and black shale
- 3 - Elica Fen., Dolomitic Imestcos, Dolomite
2 8 Hi |
SI Doroud Fm., Sandstone and shalo
: 2 2 bﬁ Mobarak Fm.. shale, limestone, sandsicoe at the base
o 3
-:, g ; — . 0. : Limestone, marly imestone
® © < Khosh-yedagh Fm. | 0? : Red sandstone and conglemerate
3 2 o' 0L : Padena Fm., Sandstone,
© © - f— Snhale basal conglomerate
2 Soman-maidan m., Spilt. basalt andesse
& i 38 Shirgasht Fm., Shale and quanzitic sandstone
o =)
5 g
,2 ? City +— Syncline
© <

2 I o Fauit — Road

54°57°03" 55°00°'36" 55°04'07" Thrust Fault OO Studyarea

Kilometers

012 4 6

o Cad e Y(Zamani-Pedram and Karimi 2005) Oliwe a3 0 s 55y gl ny 8535 Y Jss

R | e“wﬁuﬁa@d\,; ol andlan



\YaA QL“....:U ‘{)b AJL;.::: ¢Vb°)_:l:.; AJL;.f» 3 V’hu = dL.u &;.»L'..;;.;).u) 3 Lg)lim.._a_- L;L&&A)}i oF

5 0LLsL sl 85 (g Sl AV g SalSen -
Ce Yool g S Asla

e /0 (g S Ol -

CLbask sl 55 5 S iVl s Sl S -
¢ % O/Ve

Ce /0 (g S Ol -

DLk sl V255 Ko)s)5 ¥ st Sal K -
e VO Saidlos

C ..\:-l‘g
Ghols iV la v gme S Sl Lo Sl -
S AT

D ol

-y /YO chf}liJl’}dbLz))Lstbgﬁs 6J:M5L>-J:_.Iv—

E.\>|‘9
¢ e ) ‘g)}ad.l;gq‘ﬁéb\;.lﬁ@&mwu—

e VIO A g S

F..\:-b
ol ¥ Vb e (6 2SS Sl -
S O/ b 4 Lol e bd -

Sbes Sy 6, Kar S
au by sy 5 VG 51 e VIO ol aadlas s
S e VIO 5 s el o s BPhy 5 5t 5L
b addllas Sobe L5l 0 by e glaaY  Sp 0
L (AF) S dly il e slaedalie Ll
(7 JS2) 43 S8 ol Sty o 3456 1 5

A a>lg

e 5o, 6 1S GV e S SIS 51 sls -
Bl sk 5 Ol o OLL 5L ol 6 0 (6 S
e g elS s s S

OLLeSE OLL sk sl ¢ s a4 Jlaze e 05k -
e Vo/Y e o Sh ol 5 A e S dsl

e 5 S Ve Sl K 5 sl -
A g S Ble Ol e cZash 5 OLLsSL ol S
e O (eSS

g S Bl 5 0LLaSs 0L 3L sl 5,5 ol -
e YAA

B A>“9

ol iVl s (g sl g filete o S Sl S -
Ollissl b Va8 ¥k e (5 2l Sl -
¢ %o Y/Y

Ol sl 8,5 6 2eSb LYl g2 Sl S -
¢ % Y/0

o /0 (8 Sl O le -



oV Q‘)KMJLS}L)J-;°J‘[L

Ol i 3 Gl s S = SLL o slaanig e ey

i h

5 50 (e Kl Sl K gla LIl 5 s i
lacs b s s M iy o Suy Ko 25 So
ole i S 1 s (cell) 4 sl Mg o saths
Bloy (0 S ey S Sl Sy 501 Lls (5258
55 0 SEM o8& _ile3l 55 —isw 5w S 15 (stab)
$30 SEM ol tule3l s s 5 25 3l slatasn
33 5 B (1 0 sl OWIT K0 il wbidan s e
ols lidipme 05,8 H3 EUIC i) Pb L ol J-

e S Dl

Sl b p 6, Kar
a0 god YA caadllan (gl s iy 5 40 5 YO sl
e 535S e YA gl dalllaa 5l 5 ainils SipngS
)53 SLag,ls s sad 5 g sl 35l Al s
sl daallae glad gl 31 & 53 B35S ole Sl
ole 5By g i plS e L e 0 oS b

)..:l_f g))c_.ﬂb_jjﬁbj O m&? caJ\_ATCA_M:bA_g &jb}ls

(é}:‘ S dy .L_g:) bu‘f’dﬁﬁ); 395 90 6[.&.\3}\.«)" ?ﬁleo‘ﬂ PR 274 {1 °) jﬁj‘ &W—YJ@

o

adlae )
53 5 el & ) 45 503 YO 3ldn oil> iagh o
oS 8) lasle slacal 5 Aod glad sal 51 5,0 (S35
Sl i gl oddaslllan oy (p SHS YUY o8 055
saban 5 S Glaoslest) i B g Ul i pe LS
03 S e3gdome 53 5 e Y sl Lol s 5 Soletuns
Sal (slaassad A oLl ;2 il Vv 51 S Lol
ey glacs b s 5 annd O L glawle 5 (2 gl ss
JESEARECPLELI NI N ol SN SN U PR NP
Sde 5 (5ol el Sy 3 e 10 olSilel s 5m
LA i CTL s easl 6sa sl G0 4 sl VY
S P g i L P R SRR
VO Cdsn Ko s 5as Sal K slad si
slg0 T 3l 5 L Il o pn Yo el Szl s 35,
5 SOl 5 e, LS s, Dl 5l ol sl
Lo ale sLle) Lacsdl (g5 sliladly slge s ponni



\YaA QL“»«JU ‘{)b AJL@.& ¢Vb‘_>)_:l:.; AJL;.:» 3 V’hu = dL.u &;.»L'.;;.;).w) 3 Lg)lim.._a_- L;L&&A)}i OA

S sl Jold e Yo sgus culbe b L 05 0L o]
b L 5ol Lol sy s el L Sal&
o8 5 L 0l el e e el el S5
YU s Jslas oS 555 e olulis Bl costatus & 58
(Ziegler and Sandberg Middle expansa Zone (sl
e .l 1984 1990; Corradini 2003; Kaiser et al. 2009)
sdel3 55 Bil ultimus &8 s> e U 05 opl oYL
(Corradini et al. 2016; 545 o et Gda 0955
535S Glaas S o Sege 5l Spalletta et al. 2017)

S le 0a38b ol 5o eddasllas

Bi. cf. aculeatus aculeatus, Bi. costatus M2, Bi. cf.
costatus M2, Bi. costatus M1, Bi. sp., Bi. aculeatus
anteposicornis, Bi. cf. spinulicostatus M1, Poygnathus.
sp., Polygnathus. longiposticus, Pseudopolygnathus
sp., Neopolygnathus communis communis.

Bispathodus ultimus Zone ¥ 535 L
L Sl Jols 2o YVA 550 culses L 0sy b ool
RSB TSNOWE FIPTE T WPR W BT K1
Bispathodus 553528 455 5 sgb s b 055 0L oyl
syl slad s uly anas gl 555 o s Ultimus
Spalletta et al. , Corradini et al. 2016 L. 5 od_ial )|

b s ol 1 05550 o) YL S e 2017
5Ll 0l 3—sa Protognathodus ckockeli i ;S (FAD)

o 3 dea Ll s 3 e i 8 i S
555 5 5b aar 5L 5 ediandlas 5, > Protognathodus
St slaaY o 5 YL s Siphonodella praesulcata

Siphonodella &5 S ;52> o o3 los Joi
Kaiser 1. g osaidly)l by »b wa= 5L praesulcata

> Bispathodus ultimus 055 YL 5, etal. 2009

o=l od_aallze Sl g u-lj:'('-é‘ 3l D g oo szjb.‘
SUSWEICINEIPTL
Bi.aculeatus aculeatus, Bispathodus cf. aculeatus
aculeatus, Bispathodus costatus M2, Bispathodus cf.
costatus M1, Bispathodus ultimus M1 , Bispathodus
ultimus M2 , Bispathodus cf. ultimus M1, Bispathodus
cf. ultimus M2, Bispathodus spinulicostatus M1,
Bispathodus spinulicostatus M2, Bispathodus cf.
spinulicostatus M1, Bispathodus cf. spinulicostatus
M2, Neplygnathus communis communis, Bispathodus
sp., Polygnathus inornatus, Polygnathus cf. inornatus,
Polygnathus longiposticus, Polygnathus sp.

d’bjbj_«sj_wh& Sliss u:’.J:":'-:-’ MNJL:J};JS—J:J_}J
M40 5 M26 M9 M2-M5 sLaassai 53 3oras lad sl
S 3 Lacisn S Ky odd Gl S 05 Lo
YO s slesgd Ky 4 MB2 Bsad B i )
Slaslilnl bl ) CAL=Y-Y/0 o5 b, K
(Epstein et al. 1977; Rejebian et al. 1987 lo_w &5 sd_Za )l
O 4_! é_L'.’:.A M; YY‘ LGJ.ATC,\M.)L: 6[.’_}.9 QJJLE.A )\ J"’“’);j“
Polygnathus Bispathodus Siphonodella .. >
Lds sLstis Neopolygnathus 5 Pseudopolygnathus
s Bispathodus sUs 55 lsl 5 coddanlas o yomma 3
53 033 5> au Siphonodella iyl 5 ax ST .l 5L 5
ud“‘ )t.;) Cﬂ:o.h‘ ol 3 gdows ﬂjﬁ;_@"'ﬁj )K E.)}J&v.ﬁ
i Sl S S s Sl e S e
ol daallbs 5 SYU sl Ol s, s Bispathodus
ksl glalss b olal 2 50 o) K s s
S !~ Spalletta et al. 2017 4 Corradini et al. 2016
S sl ,— Kaiser etal. 2009 sLads;uls 55,0 31

A el 5

Bispathodus aculeatus aculeatus Zone :\ &3 b

OJ).)il—.’ g)'ij—?;;"""\—; e Vo el s — Q))'j-.’.l—.’ ()—i‘
)‘ v{ju SJJJ:;J..UA 9 od_basJlas U’:'.)_’ BE) e.l.m&l.wl.«.w
=Ll Bi. aculeatus issS 55 ¢l s L 050U
Middle expansa Zone .l s Jslas aS 555 s
(Ziegler and Sandberg 1984; 1990; Corradini 2003; Kaiser et
Sy a yaselia Sda 055 #b sael 5 Bi. costatus &S
Q‘UJV—G" 31 .(Corradini et al. 2016; Spalletta et al. 2017)

J\ JJJ)\?.O Qj)j.:l.a U"‘ BL] sl axllUze J’JJJ}S Lgl.mu}f
Bi. aculeatus aculeatus, Bi. aculeatus anteposicornis,

Polygnathus sp., Neopolygnathus communis communis,
Neopolygnathus cf. communis communis.

Bispathodus costatus Zone :¥ &3 b



o4 OLes 5 s n ol

Ol i 53 el S S = LY i slaanig (e e

+S Protognathodus kockeli J. w5 4 S Ll els sl
(Kaiser et al. 2009) kockeli Zone 552 5 b a0 5 2Li
Upper praesulcta Zone Jslas 053 ol LS b (il
das e 0L el ol 5 ool (Ziegler and Sandberg 1990)

el Qlis o 53 s S = 93 SIS 55 g, i

sulcata Zone :0 O3 b
A5 S) s e 055 s &S 05 0L
e V&Y Sl > L;“\Abw ol sl EanIae U;'.)" B (Uf‘:“f
C,_w‘ dk'?-"':' &AT&M} J:.& 4&1&.‘» EJ\JJ;J.UJJ J)\.)
F3255 58 b s o 05550 nl e e
(Ziegler 1969; Sandberg ..l .. Siphonodella sulcata
wL,J » «Setal. 1979; Corradini 2003; Kaiser et al. 2009)
base of the Jsles 2.5 (Sandberg et al. 1979) L
.>4ls 1, lower sulcata Zone to the lower crenulata Zone
Bispathodus stablis vulgaris, Siphonodella sulcata,
Neopolygnathus communis communis, Polygnathus
longiposticus,  Polygnathus  cf.  longiposticus,

Polygnathus cf. inornatus, Polygathus inornatus,
Siphonodella praesulcata

T o Obes S il S ulidaar o)l a5

Bi. costatus Bi. ultimus Zone auleatus aculeatus Zone
O— sl S5 4 Si. praesulcate Zone ; Zone
5 Si. sulcate Zone 5 vy el o an sl daallks
YU sla i 4 costatus-kockeli interregnum (CKI)
A,ls G ety P05 5 ey el e 4 Ok
) el LS,M Al ol 6l e e e S QLS
S The costatus-kockeli interregnum (CKI) &>
e g oAt S b war Sl o 5 Gsd
e Sal K LY s s (Siphonodella sulcata)
kockeli Zone s 5> 3 b 2e 5 ,2>Li 45 Protognathodus
sy S = psd § eSS Ol e el (Kaiser et al. 2009)
Mﬁb Jg_.lé_rj JJ‘J )‘JB ;ﬁmﬂwlﬁ J}-l} U'.',l u,«:i) DL

Siphonodella praesulcta Zone :¥ &3 b
5ol s Sl Jols 2o Y s L 055 sb ol
lwlls M32 a5 40 s S praesulcata 5 ¢b s b
D58 b e L 05 ol cp ) 0 00 o
= 3 355 s cens Siphonodella praesulcata < 55 55
sdeB 35S ) 55 ¢b Sandberg et al. 1978 .l .|
bl S ) e o ST 5 ool praesulcate Zone
4!sl Lower crenulate Zone s Bardasheva et al. 2004
sleossnl ol 2 00 nl ol YL Sl
sla s su el Kaiser et al. 2009 Lo 55 sdGasl)l
)‘ &})}Jéu@; G (D .X_>U) eJ_:.T LQJ'J_WSB

Lied 03390 ol 5o eddanllas slad gl DA e

Polygnathus longiposticus, Polygnathus inornatus,
Polygnathus cf. inornatus, Siphonodella praesulcata

The Costatus-kockeli interregnum (CKI)
A S S Jler sl bakaly s laciss pS ol
5 (Kaiser et al. 2009).cul sl ld oy 5 S5 s sba
LSS sbw sla o & S el 51 SLSU
U Sl ms) G3eSlom b eS1oS sl 51
Gl o Glac s 58 Lol Bl 4 S col (SuS 5
ol sl sls e Bi. costatus exLi &S alex )l
Ao sb 5 dadd sl 53 ol (511 56 L LS on
.(Kaiser et al. 2006, <. QLAJ'(..A w3 63l sl e
2009)
b Dby DS iy Sl Al L CKI
Oy 534S (LaKimauls 5 ol sla L) Sadls
sl 30 Uslas 5 )l clas (ledd iy S oKn
(Kaiser et al. 2009) Cowsl S oKn Ol s 53 Lmer 5|40
Middle praesulcata <5555 035 Jslee Sloj dlols -
ol (Olaw 3 55 .l (Ziegler and Sandberg 1990)
VYD ol iy Jolate (g xSl (gla Lo Dbty Sl
CKI Jslas (e Y/0) 50 3 U i slaKowanls 5 (20
5o sl L dslas LaKwanls la Jod ol el
o2l S Nps ean S L5 S LKs sbSanls
Wl 03l el s Lol
Siphonodella sulcata 55555 &5 (Ol 35 53
LaSivanls 3l sddazig gbSalSn 5 glwl 5



ARV uL’L.wU ‘(‘"J oyl ‘Vb‘_;v.l:.; oyled ¢ r:.d.;_";ﬂ J “_{ﬂ\.'..ﬁ:g.;).»)_’ 6)&4;5- le.hui.hj};

IR

il b (o sl mlaw 325 Sea Protognathodus
S o IS Ol i g d ad e S - pies IS 5

BEREppw L;J_;..,A_i‘ygj_zjcj_»)}gf_}) iy el
kockeli &5l 390 5 5 clal wa b

§
s :
= £ _ Mighan g 2
g 8 g section (Alborz Range) § % H
- ¥ K 82
3| 2|3 s 1 i
w B 2
c =, 3 5§
L™ =
o] ® =
=l
= =
el == zonations
cla 16.3 F —= Ziegler &
> pe e Sandbergq
° = 1990
Fl= =
IpCB ‘
c
® =
w| 28| B
£ —— =
- - I T
c
| —_— s B
P E— Low| stabilis |g
I = —r—1 £
c :FEF
ol|s
Elgy
] V] manca r4
ol - = op. <
2 . postera ;
o |— Z
“lo == Low| styriacus i
> = ezt
.: —— Upp/| granuiosus L™
- tr:
. e achyte:
< Low/| trachytera |o
== 3
X b
= et eliter  |E
[35.85 A EE—
T Upp.
marginifera | utahensis
= Bi. ac. aculeatus
= ° Zone Low| marginifera
e o
s % o o E""‘ gracilis
= = = eSS Low| rhomboidea
. Upm] _pectinata %
\% ue|  prima |8
crepida ot
s [eorals & goniatites M lerm‘lnl
@ crinoids =~ shell fragments Low| crepida
‘ & gastropods &> ostracod Upp|  minuta
@ bivalvia (= trilobites ;
triangularis
< = bi " ng M| clarkei
. 4 bryozoa sswe Cross bedding L bperiobata| 3722

Ol i 5o i8S Sust,y 5 Loy sl (sl K 05 - S



plliE SO

08¢

0€

0T

ST

(08

144

8¢

ST

0€

€T

ve

leloL

SLT

8¢

9t

81

€1

o€

€1

SJuawWaja paubissoun

-

010915 °1S

p3p3Nsanid IS

ds 'sq

ds ‘od

snonsodibuoj 45 “od

snaisodibuol ‘od

smpuioul “})d ‘od

Ll Rl Rl B

SN3DUIOUS Od

Nl | O] AN~

SIUNWWOoI sjunNuwwaod "2 "aN

<
—

SIUNWWIoD SiUNWwod “aN

T snuimn-p g

CW snun 'tg

TN Snuian ig

SUDBINA sHqDIS '1g

“ds g

TW sniojsodjjnuids P ig

TW snip3sodiinuids “§2 'ig

ZIN smpisodjjnuids 'ig

TW sniojsodinuids 'ig

T SNIDIS0d " ig

$N1D}S02 °Jd ‘I

TN SnID3S00 '1g

TN Snp3sod ‘ig

SNID3NID SNJD3[NJD °JD 'Ig

nls|dlt|d|nir~| | N|—H|O|lO|lO|0|m

S$NJpaynao sNInafnan 'ig

o~

| e | et e |

S1U102150da3UD SNILIINID "I

|e301

TN

ovN

6EW

LEW

9EW

rEW

CEW

TEW

OEN

6CN

8TN

9TN

(444

6T

9T

ST

PTIN

EIN

TN

1344

Ot

6l

S

N

EN

uonoas ueydiy

DIDIYNS IS

0102(ns304d “i]

snwnn 'ig

sN101502 '1g

SNID3INIY 30 18

S9u0z Juopouo)

4l

C}'“ uﬁaﬁp Lkdé‘p}ls ;'}f ;.LS‘,; J}J-?—OJSJ

S5

|

e Kow &

92 J'.’g !

A S =

Z

L sl 05 Ao 50 S = s LIS

Ol A 8358 g0 0 i3 O
=5

o

“

<

‘)b\ DL L;..:L.&&A/

SRS

&-\:La.:_...‘.:..ﬂ

) & iSin Ltols 45 Lus

)J)'J_A s

o



\YaA QL“»«JU ‘{)b AJL«.& ¢Vb‘_>)_:l:.; AJL;.f» 3 V’hu = dL.u &;wt.;;.;).w)} Lg)lim.._a_- L;L&&A)}i 7Y

ilaie glac il 5 LSS ol b py i sl slac I
o= (Becker et al. 2002) dius asl b O g (5, $SO 5o
Middle 255528 055 dolas Slaey b 5l Svale
0553 (5 peel o Sip S (Becker 1996) .| praesulcata
S o3 abolBOl Sl Ll 0 sy ol i
(Streel et >y o DU W g o0 Ao st s 2 S =05
wlis gl S s 5Lel U dal 5 ol s al. 2000)
Dl v sty Cawas ooyl 50 L aS 355 e
L sulcata Zone ;3 JIss ol edS o 5 Stockumites
Lower and Upper  Ss55—S 053 sl 5 aulyl
s (Ziegler 1969) >, . o) > protognathodus Zone
ol o SL L Upper praesulcata Zone Lslaz.
(Becker il Oloajoa SuS 5T Lail 5 sl 5 al o
1996)
— 3 3 03 ey s O Tl oS S8l
il 5l bl sls ol udanig Corge i s S
SaSal sasls (Becker 1996) 555 .o Stockum _Sal Y
sulcata 0 ,5 «S (Hangenberg limestone) lss s Jla
Siphonodella 5558 5,5 ;5 ¢b L oyl 545 ZONe
Olesor saly (30 5 Sk SaL sulcata
0s5sls sa el 5305 S (55 iy (Becker 1993) i
o Sle opii, 5 saelB gcrenulata Zone s oS
355 oo 2Ll (Alume Shale Event) Alum gL |
L et slmo s S 51 (ol S5 sd ol ol
G gl (Sla i U3 00 sesls 5 S5 c s
S et (2508 GBS slad S eled 5 Ll 5 ks
S s Alum dilae sls ol Bl . la oy
L ol e Sler [Saa balys O mhaw Sl
Rheinsches ik )5 5 laaig 5ol ls
idan Jlysl glaess Jlid sla sy Schiefergebirge
(Herbig 555 o jase ie o ogo oida (T Carnic

(5 Js2) 2006)

Sl aS ol sl oSl (s ST 5 e (gladsls
Loy, S 4S5 sbilen 5 ol ol |SCES Ciliies (glal
wsls 51,3 3e s 1) il slagalil ) s il
(Kaiser ol a3 S 5 55 5o |y alies el Kow & s
=93 e Sl Jlys (A $ K3 et al. 2015)
< ¢ 5> Rheinsches Schiefergebirge % ;5 a0 S
0S5 LAl Olge b rms B S slasnig b 0L
ol S glaaxig opl 355 o 3T (Wocklum limestone)
Upper 55358 055 53 Sux [ Sy J—ol>
ol 5l ys of JLSs 4o 5 Juzes €Xpansa Zone
(Drewer sandstone) s> slacKwawle s Of o
O35 dale Sl bl LaKwawle ool clilods anigs
.z Lower praesulcata Zone s 53 &5

5 S, 83— Middle praesulcata Zone s
g 035VL 5 S5 St nl 5 03ls ) (Fhasl S
s S oS ol (sla bt s OBAEG L s
O gl Schmidt, 1924 (Wanger 2001) ol 63 5
Rheinsches 4 il ;3 e 55 bay |, La fd ol
ol Odsanig Cad s bl o S L5)\.l§(=USchiefergehirge
Middle 3 45 coul Sler So5ssad iisl La fd
s Cymaclymenia ammonoid Zone (praesulcata Zone
(Higgs and Streel <l osls & LN mispore Zone <3
Rheinsches il o sMle S oS ol (sl Jos 1994)
«Carnic Alps iikis ;5 oLl o & 5 Schiefergehirge
5 LSl s0ime VLI bSOl 2l ¢3S e cannil 2 o g
55 (55 e (Kaliser et al. 2006) Lol 5,18 50 s
AT 5 el S S o et 5 sl S by s
ol Al e aslsl (HSS) 8 oKos sla&Kvauls
il 3 Berea S sl 13Le Jalas LaKwasls
S LT s Hangend dilaie o 5,158 (LSS ,4[Ohi0
Bl cals L) Wl 2o 5 2SI s (Smanls
Ll s Bergisches iakiwe glac il o zo s LS A



OLes 5 s n ol Ol i 3 Gl s S = SLL o slaanig e ey

Conodont
biofacies
siphonodellid
polygnathid
protognathodid-
polygnathid
palmatolepid-
bispathodid-
branmehlid
palmatolepid-
bispathodid

b

o B
Lc
o®
=
EX
T O
S a
(3

Lithofacies

1B} IpawLuNoIIY
ABojoupry

Carnic Alps
Conodont Biofacies,

prouyoS suniey

ABojouirn
:
a
g T T-z &
o ,‘,é —~
Pz a Zal JTIN 38
o o 02 R T 1=
& A A A L
3 3 T3 t -
e 2
= 2 @
0o > & oQg 7
ol i 4
<_t Al L o
£ E £ 4 oibd
oLl o o =
= c o
c (5} 8
= DO E
© g @ |
Ol§0 &
R oT B i
£ 25
5 32 ,Bs
& 2y 08 ' oy
28 w3
oL £y
(oY } : -
i
S
2
58
€@ )
2c g3
= £
9= R
5 2
%] X ew
% [2A9)| e3s
y © ¥
1] ST WNP2o;
45 Isuwey wnpy /v\
% O obugebispiyds
5D SoYISIUIBYY
£3 Jensoul
=90
— © Aay
plouowiy S 4
& s =
uoneuoz | eje| jhrag o K = | B = k]
L8 - = B
JUOpoUCa |nues| pues | EXROHAND a S ereonsaesd esurdxs §§
s SNoIBIUOGIED) JBMOT uejuoaa Jaddn
1 @
[ = D
> o ot B
- g == @ I
/ 53 aé
> ( i 2 3 28 53
_E + @ Blg &7 & gl
2L praess i e/ iy 238
o 08 T el
o c .0 ST WAL F Y
= T NEF & W <
JL2T vy , ,ﬂ"!' '%l' i " ‘ {” gé‘
ol & %5 uiB)ses ’(VI ,H 1||| l‘f
O 90 g EnsOuN il Ml' !ﬂf!h('h’ "\"I'II:’I' i !5: LB
= = il’ 2 Aydesbyens | g 'U_') (','_J 7 5 '5 » ?S‘é% 3
& g souanbag | Jibs ST = et T EZ‘; 2
eR 5
n g Ao i PR 2 (D7 ofa[«]R (9 3
C,)p!oucrwlu\,«_,_,_l‘_,>>>>>>>'>>'22
JusAz
Biaquabuey
g
a £ p
I
I 'Hn;;‘u
u i Il '
3 llﬁl }i. i
(5]
‘f! ON 13308 o
] [w] ssauyayy | €91 9z§ ° ‘ [ 6
s
5 o vozees | g uoz snwgn 1g avog sojerson 1| Uo7 Smpajnae 98 g
ue 1S leUINO | ueBluueWE] Bl1ET
uoljewiod yeleqop-—[ —— uoljewio4 ybejirefAysouy —

5 S 5 » Rhenisches Schiefergebirge i » «oldl o %53 i S —imss o 53 Glanr Kiw Ol pii —F S
Glr05) bl o O 5 55 i S — (3 5o (s s i f(Kaliser et al. 2015) T Sijls gla 5
23 i g S = e 93 50 elid Ko Ol i i 5l K O oy ilises o1 0 i e 5 (Kaiser et al. 2009, 2016)

Obes 5



\YaA Q\.:....{\S gr_,.) b)l&.ﬁl ‘Vb‘_ﬁlﬁ a)ucrﬁjwdb cwmgy)jd)&q'.ﬂ- lehu:'“.ﬁ;i, ¥

HSS s«S/f;g.'\A BL:M ‘5LAJ._.$| HBS ‘bu.f U:'Jf BL J&“‘-jﬁ;_mj}" )'}A d)ﬁuﬁ&m CJ‘J.”B—V JS.::
(3 Comwts 3) S i&n s Kivavle

5 ket G ST i S - ss SIS 50 (5358 0555
el Gl oS il S Wdd e JTslss 5l o8
L s costatus-kockeli interregnum (CKI) Jsles o 5 o oy
513 Ol (5t ml alin JB S iSm (gls Jo
OF pslds 53 5 e Dl o S o s 08 o ) B 58
Slin o 53 S S Savanls s O o (55 b
Ll s el (LS as s ol cal s 1SS
bl (S 5T S8l 3) G5ST0 b 55108
Shmd Do s Saio (RALS 5 oS G Ol
Sles 53 O3St d Slacl &zl 5 odd alan
Glaas S sl s am LaS) Ol pl o 5 2
o s sla 3 susl Laal s Bispathodid s 55
Sy s psamd 5 Gl S 4 (ol s el
Sty Sls g g0 S0 Calgiys 5 (S5 Jome il sl 5

OLL L Seis 2als 53 of dalsd a5 conl ol e

— 3 S Ikl Glaar K Sl ks wax 5L
b kil costatus-kockeli interregnum (CKI) a5 4 S
ey gff.i.:a Ol s 53 a8 (aKwansls 5 oliw sla )
Olsge 5 s (Kaiser et al. 2009) 5,05 ctlae (Llodss
B ) Sy Al Svvdsle ;20 1/0 55 5 w0ax 5L,
Y s glasl ps Siosulcata e yestls b sl
CrmSE s 2 VYO g 5 aSiwanle Sl Sal
Jslae LaKvauls ol s Kvanle L5 ol 4 oloza
sl sla |2 5 (HSS) S e Uil laKvwanls
KJ_..K.‘A sl sla Jd Jalne LK anls RS
V8 wees (HBS)

Cin SS& 5 plobis 4 AT 5 ol s Gla e 5



£0 OLes 5 s n ol

Ol i 53 el S S = LY i slaanig (e e

introducing 5 conodont zones in Howz-e-
Dorah (East Iran). Geosciences, 6: 10-17. [in
Persian]

Ashouri A. R. 1998. The Devonian-Carboniferous
boundary in Ozbak-Kuharea. Geosciences
Scientific Quarterly Journal, 7: 47-53. [in
Persian]

Ashouri  A. R. 2001. Middle Devonian-Early
Carboniferous conodont faunas from the
Khoshyeilagh Formation, Alborz Mountains,
north Iran. In Jansen U., Kdnigshof P.,
Plodowski G. & Schindler E. (Eds.), 15th
International Senckenberg Conference, Joint
Meeting IGCP 421/SDS, May 2001.

Ashouri A. R. 2002. Palmatolepis (conodonta; Late
Devonian) from the Tabas region, east Iran.
International Journal of Science, 3(2): 187-
220.

Ashouri A. R. 2004. Late Devonian and Middle-Late
Devonian conodonts from eastern and
northern  Iran. Revista Espafiola de
Micropaleontologia, 3: 355-365.

Ashouri A. R. 2006. Middle Devonian-Early
Carboniferous conodont faunas from the
Khoshyeilagh Formation, Alborz Mountains,
north Iran. Journal of Sciences, 17: 53-65. [in
Persian]

Bahrami A. Corradini C. Over D. J. and Yazdi M.
2011. Upper Devonian-Lower Carboniferous
conodont biostratigraphy in the Shotori
Range, Tabas area, Central-East Iran
Microplate. Bollettinodella Societa
Paleontologica Italiana, 50 (1): 35-53.

Bakhtiari S. 2003. Road Atlas of Iran, Gitashenasi
Geographical & Cartographic Institute, 270p.
[in Persian]

Bardasheva N. P. Bardashev I. A. Weddige K. and
Ziegler W. 2004. Stratigraphy and Conodonts
of the Lower Carboniferous of the Shishkat
section (southernTien Shan, Tajikistan),
Senckenbergiana Lethaea, 84: 225-301.

Becker R. T. 1993a. Anoxia, eustatic changes, and
Upper Devonian to Lowermost Carboniferous
global ammonoid diversity. In: House, M. R.
(ed.) The Ammonoidea, Environment,
Ecology, and  Evolutionary = Change.
Systematics Association Special Volume, 47:
115-164.

Becker R. T. House M. R. Bockwinkel J. Ebbighausen
V. and Aboussalam Z. S. 2002. Famennian
ammonoid zones of the eastern Anti-Atlas
(southern Morocco). Munstersche
Forschungen zur Geologie und Palaontologie,
93: 159-205.

Becker R. 1993 Anoxia, eustatic changes, and upper
Devonian to lowermost
Carboniferous.globalammonoid diversity. In;

OF VL sl s 505 o o Lo sigel 5 ek 5
5 (G5 b S K ol 5l 5 e s dalie
O s Ll a3l o 5 okl 5 Svanls LSS
sl 0350 6l o
03 583, (Gl i gl Ldean S a5
o ania S 53 S sl 858 (o S Sl folsb
> (Kaiser et al. 2009) kockeli Zones 5555 0535l
g o b S amS ol ply (A 3 doee sdldaslllae
B e TIPS G B I VP P R 1P
0553 o1 4 kockeli Zones Lol sdianlllas )5
Sl stdanig sSal sl 5 Conl by o o 50
sulcata 055 5L SLET 5 sddanllas 5 3 LbKwanls
Gl Jad s S —oies LIS 5 piiy s gl 5 SiZone

RS

Sl Sl
5 el ol sk 5 (6553 BLOLL 31 ise ol Wl
Olgiwol o8zl (go5Ld 5 Lrasin Coslas 3l OB

S e 6)\;,{,,4[?“ Sk slacsb> sl

References

Amiri F. Mousavi M.R. Adabi M.H. and Aharipour R.
2010. Lithological investigating, sedimentary
environment and diagenetic process affected
to Mobarak Formation deposits in Mighan and
Khoshyeilagh sections with comparison to the
other sections of central Alborz, 29th
geoscience symposium, Geological Survey
and Mineral Exploration [in Persian], 10-25.

Ashouri A. R. and Yamini A. 2006. Cephalopods and
Stratigraphical Position of Cephalopod Bed of
Shishtu  Formation, Iran.  Geosciences
Scientifc Quarterly Journal, 15: 178-187.

Ashouri A. R. 1990. Devonian and Carboniferous
conodont faunas from Iran. PhD Thesis,
University of Hull, 351p.

Ashouri A. R. 1997a. Juvenile gastropods from the
upper Devonian Cephalopod beds and
adjacent strata of central Iran. Journal of
Science, 8: 45-60. [in Persian]

Ashouri A. R. 1997b. Revision in stratigraphical
position of the “Cephalopod Beds” and
Devonian-  Carboniferous boundary and



\YaA Q\:..«.:U ‘{)b AJL@.& ¢Vb‘_>)_:l:._:: AJL;.:» 3 V’hu e dL.u &;.»LL;;.;).«) K L;)lim.::_- L;LQUJ.AJJ’.‘:' 44

Carboniferous conodont and ammonoid
communities in the Polish part of the Variscan
sea. Acta Palaeontologica Polonica, 42: 57-
164.

Epstein A.G. Epstein J.B. and Harris L. D. 1977.
Conodont color alteration; an index to organic
metamorphism. U.S. Geological Survey
Professional Paper, 0995, 27 pp.

Ghavidel-Syooki M. and Moussavi M. J. 1996.
Palynostratigraphy and paleogeography study
of Padeha, Bahram, Shishtu (1 & 2) and
Sardar Formations in the Howz-e-Dorah (east
of Tabas). First Geological Congress of
Iranian Universities, Kerman, 45-46. [in
Persian]

Habibi T. Corradini C. and Yazdi M. 2008. Famennian
Tournaisian conodont biostratigraphy of the
Shahmirzad section, central Alborz, Iran.
Geobios, 41: 763-777.

Hairapetian V. and Yazdi M. 2003. Late Devonian
conodonts from the Dalmeh sections,
Northeast Ardekan, Central Iran. Courier
Forschungs institute Senckenberg, 245: 209-
225,

Herbig H. G. 2006. Kalkschalige Klein foraminiferen.
In: Deutsche Stratigraphische Kommission
(Eds.) Stratigraphie von Deutschland VI.
Unter karbon (Mississippium). Schriftenreihe
der deutschen Gesellschaftfur
Geowissenschaften, 41: 250-270.

Higgs K. T. and Streel M. 1994. Palynological age for
thelower part of the Hangenberg Shales in
Sauerland, Germany. Annales de la Societe
geologique de Belgique, 116: 243-247.

Hosseini-Nezhad S.M. Yazdi M. Kebriaei 2002.
Systematic and biostratigraphy of Late
Devonian brachiopods in Mighan section,
Journal of Science, University of Tehran, 3:
83-100.

Huddle J. W. 1934. Conodonts from the New Albany
Shale of Indiana. Bullettin ~ American
Paleontology 21 (72): 1-136.

Kaiser S. and Corradini C. 2008. Should the
Devonian/Carboniferous Boundary be
redefined? Newsletter SDS 23: 55-56.

Kaiser S. I. 2005. Mass Extinctions, Climatic and-
Oceanographic Changes at the Devonian—
Carboniferous Boundary. PhD thesis, Fakultat
fur  Geowissenschaften,  Ruhr-Universitat
Bochum.

Kaiser S. I. Becker R. T. Spalletta C. and Steuber T.
2009. High-resolution conodont stratigraphy,
biofacies, and extinctions around the
Hangenberg Event in pelagic successions
from  Austria, Italy, and France.
Palaeontolographica Americana, 63: 97-139.

The Ammonoidea: Environment, Elcology,
and Evolutionary Change. M. R. House
(Eds.). Systematics Association  Special
Volume, 47: 115-163.

Becker R. T. 1996. New faunal records and
holostratigraphic correlation of  the
Hasselbachtal D/C  boundary  auxiliary
stratotype  (Germany). Annales  Societe
Geologique Belgique, 117:19-45.

Birounrou M. 2001. Stratigraphy of the lower part of
the Koshyeilagh Formation in the Mighan
section based on conodont studies and their
sedimentary environment. Master thesis in
geology, Geological Survey of Iran,
Geosciences Institute, 1-203. [In Persian]

Brand U. Legrand-Blain M. and Streel M. 2004.
Biochemostratigraphy of the DCB global
stratotypesection ~ and  point,  Griotte
Formation, La Serre, Montagne Noire, France.
Palaeogeography Palaeoclimatology
Palaeoecology, 205: 337-357.

Branson E. R. 1934. Conodonts from the Hannibal
Formation of Missouri. Missouri University
Studies 8: 301-343.

Branson E. B. and Mehl M. G. 1934. Conodonts from
the Bushberg Sandstone and equivalent
formations of Missouri. Missouri University
Studies 8: 265-300.

Coen M. Hance L. and Hou H. F. 1996. The Devonian-
Carboniferous Transition Beds Of Central
Hunan, South China. - Memoires De
LInstitut Géologique De L Université De
Louvain, 36: 3-13.

Corradini C. Barca S. and Spalletta C. 2003. Late
Devonian-Early  Carboniferous conodonts
from the Clymeniaelimestones” of SE
Sardinia (ltaly). Courier Forschungs institute
Senckenberg, 245: 227-253.

Corradini C. Kaiser S. I. Perri M. C. and Spalletta C.
2011. Protognathodus (Conodonta) and its
potential as a tool for defining the
Devonian/Carboniferous boundary. Rivista
Italiana di Paleontologia e Stratigrafia, 117:
15-28.

Corradini C. Spalletta C. Mossoni A. Matyja H. and
Over D. J. 2016. Conodonts across the
Devonian/Carboniferous boundary: a review
and implication for the redefinition of the
boundary and a proposal for an updated
conodont zonation. Geological Magazine, 154
(4): 888-902.

Corradini C. 2003. Late Devonian (Famennian)
conodonts from the Corona Mizziu Sections
near Villasalto (Sardinia Italy).
Palaeontographia Italica, 89: 65-116.

Dzik J. 1997. Emergence and succession of



[2% Ql)KAA)Lg;.u);eJAUo

Ol i 53 el S S = LY i slaanig (e e

Rejebian V. A. Hariss A. G. and Huebner J. S. 1987.
Conodont color and textural alternation: an
index to regional metamorphism contact
metamorphism, and hydrothermal alteration.
Geological Society of America, Bulletin, 99:
471-479.

Sandberg C. A. Streel M. and Scott R. A. 1972
Comparison between conodont zonation and
spore assemblages in the Devonian -
Carboniferous boundary in the western and
central United States in Europe. 7th Congres
International de Geologie du Carbonifere,
Krefeld, 23-28, Augest 1971, Compte Rendu
1, 179-203.

Sandberg C. A. and Ziegler W. 1979. Taxonomy and
biofacies of important conodonts of Late
Devonian styriacus-Zone, UnitedStates and
Germany. Geologica et Palaeontologica, 13:
173-212.

Sandberg C.A. Morrow J.R. and Ziegler W. 2002. Late
Devonian sea-level changes, catastrophic
events, and mass extinctions. Geological
Society of America, 356: 473-487.

Sardar Abadi M., Da Silva A. C. Mossadegh, H.
Spassov S. and Boulvain F. 2015. Lower
Carboniferous ramp sedimentation of the
Central Alborz Basin, northern Iran:
intergrated  sedimentological and  rock-
magnetic studies. In: Da Silva A.C. Whalen
M.T. Hladil J. ChadimovalL. Chen D. Spassov
S. Boulvain F. & Devleeschouwer X. (Eds.).
Magnetic  Susceptability  Application: A
Window onto Ancient Environments and
Climate Variations. Geological Society,
London, Special Publication, 414: 73-91.

Sepkoski J. J. 1996. Patterns of Phanerozoic extinction:
a perspective from global data bases. In: O. H.
Walliser (Ed.), Global events and event
stratigraphy in the Phanerozoic. Springer-
Verlag, Berlin, Berlin, 35-51.

Simakov K. V. 1993. The dynamics and
biochronological structure of the
Hangenbergian bioevent. Palaesogeography
Palaeoclimatology Palaeoecology, 104: 127-
137.

Spalletta C. Perri M. C. Over D. J. and Corradini C.
2017. Famennian (Upper Devonian) conodont
zonation: revised global standard. Bulletin of
Geosciences, 92(1): 31-57.

Streel M. Caputo M. V. Loboziak S. and Melo J. H. G.
2000. Late Frasnian—Famennian climates
based on palynomorph analyses and the
question of the Late Devonian glaciations.
Earth-Science Reviews, 52(1): 121-173.

Walliser O. H. 1996. Global events in the Devonian
and Carboniferous, global events and event
stratigraphy in the Phanerozoic. Springer,

Kaiser S. I. Steuber T. Becker R. T. and Joachimski M.
M. 2006. Geochemical evidence for major
environmental change at the Devonian—
Carboniferous boundary in the Carnic Alps
and the Rhenish Massif.Palacogeography
Palaeoclimatology Palaeoecology, 240: 146-
160.

Kaiser S. I. Aretz M. and Becker R. T. 2016. The
global Hangenberg Crisis (Devonian—
Carboniferous transition): review of a first-
order mass extinction. In: Becker R.T.
Konigshof P. & Brett C.E. (Eds.) (2016).
Devonian  Climate, Sea Level and
Evolutionary Events. Geological Society,
London, Special Publications, 423: 387-437.

Kaiser S. Aretz M. and Becker R. T. 2016. The global
Hangenberg Crisis (Devonian-Carboniferous
transition) review of a first order mass
extinction. In: Becker, R.T., level and
Evolutionary Events, Geological Society,
(London, special publications 423, 1-51.

Kaiser, S.I., Aretz, M. and Becker, R.T. 2015. The
global  Hangenberg  Crisis  (Devonian-
Carboniferous transition): review of a first-
order mass extinction, 387-437. In Becker, R.
T., Konigshof, P. and BRETT, C.E. (Eds.)
Devonian  Climate, Sea Level and
Evolutionary Events, Geological Society,
London, Special Publications 423. DOI:
10.1144/SP423.9.

Karimi L. 2001. Biostratigraphy of Middle-Upper
Devonian rocks in Mighan area (Eastern
Alborz) based on conodonts and vertebrate
remains.  Unpublished  Master  Thesis,
Geological Survey of Iran, Earth Science
Institute, Teheran. [in Persian]

Mossadegh H. Kebriaei-Zadeh M. R. and Hosseeini-
Nezhad S. M. 2004. Biostratigraphical and
sedimentological characteristics of Devonian-
Carboniferous transition (Jeirud and Mobarak
sections) with indicationg to Hangenberg
bioevent. In proceedings 9th Symposium of
Geological Society of Iran, Tarbiat-Moallem
University, 285-297. [in Persian]

Paproth E. Feist R. and Flajs G. 1991. Decision on the
Devonian-Carboniferous boundary stratotype.
Episodes, 14 (4): 331-336.

Paproth E. and Streel M. 1984. The Devonian-
Carbonifer boundary. Courier Forschungs
institut Senckenberg, 67: 258p.

Poty E. 1999. Famennian and Tournaisian recoveries
of shallow water Rugosa following late
Frasnian and late Strunian major crisis,
southern Belgium and surrounding area,
Hunan (South China) and the Omolon region
(NE Siberia). Palaeogeography
Palaeoclimatology Palaeoecology, 154: 11-26.



\YaA Q\:..«.:U ‘{)b AJL@.& ¢Vb‘_>)_:l:._:: AJL;.:» 3 V’hu = dL.u &;.»LL;;.;).«) 3 L;)lim.::_- L;L&&A)}i A

Iran. Records of the Western Australian
Museum, Supplement, 58: 223-240.

Yazdi M. 1999. Late Devonian-Carboniferous
conodonts from Eastern Iran. Rivistaltaliana
di Paleontologiae Stratigrafa, 105: 167-200.

Yazdi M. Torabi Gh. and Hosseini-Nezhad S. M. 2005.
Geochemical Characteristics of Famennian
Strata in lran (Meyghan Section) and
Morocco (Bou & Mrakib  Sections),
Geoscience Quarterly Journal, 62: 188-193.

Zamani-Pedram M. and Karimi H.R. 2005. Ali-Abad
Geological map: 1:100000, Geological Survey
and Mineral Exploration, Sheet No: 6963.

Ziegler W. and Sandberg C.A. 1984. Important
candidate sections for a stratotype of conodont
based Devonian-Carboniferous boundary.
Courier Forschungsinstitut Senckenberg 67:
231-239.

Ziegler W. 1973. Catalogue of conodonts.7: 504p.
Stuttgart  (Schweizert’scheverlogsbuchhand-
lung).

Ziegler W. and Sandberg C. A. 1990. The Late
Devonian Standard Conodont Zonation.
Courier Forschungsinstitut Senckenberg, 121:
1-115.

Ziegler W. 1969. Eineneue Conodontenfauna aus dem
hochsten Oberdevon. Fortschritte Geologie
von Rheinland und Westfalen 17: 179-191.

225-250.

Wang C. and Yin B. 1987. Devonian—Carboniferous
Boundary sections in Yishan area, Guangxi.
In: Wang, C. (Ed.) Carboniferous Boundaries
in China. Contribution to the 11th
International Congress of Carboniferous
Stratigraphy and Geology, 1987, Beijing,
China. Science Press, Beijing, 22-43.

Webb G. E. 2002. Latest Devonian and Early
Carboniferous reefs: depressed reef building
after the Middle Paleozoic collapse. In:
Kiessling, W., Flugel, E.& Golonka, J. (Eds.)
Phanerozoic Reef Patterns. SEPM Special
Publications,72: 239-269.

Weber H. M. 2000. Die karbonatischen
Flachwasserschelfe im europaischen
Oberfamennium (Strunium) —Fazies,
Mikrobiota und Stromatoporen-Faunen. PhD
thesis, Mathematisch-Naturwissenschaftliche
Fakultat der Universitat zu Koln.

Wendt J. Kaufmann B. Belka Z. Farsan N. and Karimi
Bavandpur A. 2005. Devonian/Lower
Carboniferous stratigraphy, facies patterns and
palaeogeography of Iran. Part Il. Northern and
Central Iran. Acta Geologica Polonica, 55: 31-
97.

Yazdi M. and Turner S. 2000. Late Devonian and
Carboniferous vertebrates from the Shishtu
and Sardar formations of the Shotori Range,

PLATE 1



74 OLer 5 G 0ol Ol i 53 el S S = LY i slaanig (e e

[FFEEE |
200 pm 200 pm 200 pm

27

| P
200 pm 200 pm 200 uym 500 pm

PLATE 1
Figs. 1, 2, 5, 12 -Bispathodus aculeatus aculeatus Branson & Mehl, 1934a; Fig. 1- Upper view of EUIC 1002, sample
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M6, Bispathodus ac. aculeatus Zone); Fig. 2- Upper view of EUIC 1003, sample M9, (Lower Bispathodus costatus

Zone); Fig. 5- Upper view of EUIC 1065, sample M19, (Lower ultimus Zone); Fig. 12- Upper view of EUIC 1013,
sample M14, (Lower Bispathodus ultimus Zone).
Fig. 3-Bispathodus cf. costatus M2, Branson, 1934, Upper view of EUIC1004, sample M10, (Bispathodus ac. aculeatus

Zone).

Fig. 4- Pseudopolygnathus sp. Branson & Mehl, 1934; Upper view of EUIC 1005, sample M9 (Lower Bispathodus
costatus Zone).

Figs. 6- Bispathodus costatus M1, Branson, 1934, Upper view of EUIC 1007, sample M9, (Lower Bispathodus costatus
Zone).

Fig.7- Bispathodus aculeatus anteposicornis Scott, 1961; Upper view of EUIC 1008, sample M9 (Lower Bispathodus
costatus Zone).

Fig. 8-Bispathodus cf. costatus Branson, 1934; Upper view of EUIC 1009, sample M19, (Bispathodus ultimus Zone).
Fig. 9, 13- Bispathoduscf. spinulicostatus M1 Branson, 1934;

Fig. 9 - Upper view of EUIC 1010, sample M12, (Bispathodus costatus Zone), Fig.13- Upper view of EUIC 1014,
sample M16, (Bispathodus ultimus Zone).

Figs. 10, 28, 32, 33, 34- Bispathodus sp. Muller 1962;

Fig. 10- Upper view of EUIC 1011, sample M16, (Bispathodus ultimus Zone), Fig. 28- Upper view of EUIC 1029,
sample M10 (Bispathodus costatus Zone), Fig. 32- Upper view of EUIC 1033, sample M11 (Bispathodus costatus
Zone), Fig. 33- Upper view of EUIC 1034, sample M11, (Bispathodus costatus Zone), Fig. 34- Upper view of EUIC
1035, sample M29, (Bispathodus ultimus Zone).

Figs. 11, 20- 22, 26, 30- Bispathodus ultimus M1 Bischoff, 1957,

Fig. 11- Upper view of EUIC 1012, sample M13, (Bispathodus ultimus Zone), Fig. 20- Upper view of EUIC 1021,
sample M26, (Bispathodus ultimusZone), Fig. 21- Upper view of EUIC 1022, sample M26, (Bispathodus ultimusZone),
Fig. 22- Upper view of EUIC 1023, sample M26, (Bispathodus ultimus Zone), Fig. 26- Upper view of EUIC 1027,
sample M31, (Bispathodus ultimus Zone), Fig. 30- Upper view of EUIC 1031, sample M26, (Bispathodus ultimus
Zone).

Fig. 14, 31- Bispathodus cf. ultimus M1 Bischoff, 1957;

Fig. 14- Upper view of EUIC 1015, sample M19, (Bispathodus ultimus Zone), Fig. 31- Upper view of EUIC 1032,
sample M31, (Bispathodus ultimus Zone).

Fig. 15, 16, 18, 23-Bispathodus spinulicostatus M1 Branson, 1934;

Fig. 15- Upper view of EUIC 1016, sample M22, (Bispathodus ultimus Zone), Fig.16- Upper view of EUIC 1017,
sample M22, (Bispathodus ultimus Zone), Fig.18- Upper view of EUIC 1019, sample M26, (Bispathodus ultimusZone),
Fig. 23 - Upper view of EUIC 1024, sample M28, (Bispathodus ultimus Zone).

Fig 17, 19-Bispathodus ultimus M2 Bischoff, 1957.

Fig.17- Upper view of EUIC 1018, sample M31, (Bispathodus ultimus Zone), Fig.19- Upper view of EUIC 1020,
sample M26, (Bispathodus ultimus Zone).

Fig 24-Bispathodus cf. spinulicostatus M2 Branson, 1934; Upper view of EUIC 1025, sample M14, (Bispathodus
ultimus Zone).

Fig 25- Bispathodus spinulicostatus M2 Branson, 1934; Upper view of EUIC 1025, sample M31, (Bispathodus ultimus
Zone).

Fig 27- Bispathodus spinulicostatus M1 Branson, 1934; Upper view of EUIC 1028, sample M31, (Bispathodus
ultimusZone).

Fig 29- Bispathodus stablis vulgaris Branson & Mehl, 1934; Upper view of EUIC 1033, sample M39 (sulcata Zone).
Fig. 35-Siphonodella sulcata Huddle, 1934; upper(a) and lower(b) views of EUIC 1036, sample M36 (sulcata Zone).
Fig. 36-Siphonodella praesulcata Sandberg, 1972; Upper view of EUIC 1037, sample M32 (praesulcata Zone).

PLATE 2



v OLes 5 s n ol wOlin 3 3l i S = UL s slaanig e

PLATE 2
Fig. 1, 21-Bispathodus spinulicostatus M1 Branson, 1934;
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Fig. 1- Upper view 0f EUIC 1038, sample M26 (Bispathodus ultimus Zone); Fig. 21- Upper view 0f EUIC 1058,
sample M30 (Bispathodus ultimus Zone).

Fig. 2, 12-15, 24, 27-29- Neopolygnathus communis communis, Branson & Mehl, 1934b;

Fig. 2- Upper(a) and lower(b) views 0f EUIC 1039, sample M9 (Bispathodus costatusZone), Fig. 12 - Upper(a) and
lower(b) views Of EUIC 1049, sample M26 (Bispathodus costatus Zone), Fig. 13- Upper view 0f EUIC1050, sample
M14 (Bispathodus ultimus Zone), Fig. 14- Upper(a) and lower(b) views Of EUIC1051, sample M14 (Bispathodus
ultimusZone), Fig. 15- Upper(a) and lower(b) views Of EUIC 1052, sample M26 (Bispathodus ultimus Zone), Fig.
24a-b- Upper view 0f EUIC 2015, sample M9 (Bispathodus costatus Zone), Fig. 27- Upper(a) and lower(b) views
EUIC 1064, sample M5 (Bispathodus aculeatus aculeatus Zone), Fig. 28- Upper(a) and lower(b) views 0f EUIC1065,
sample M2 (Bispathodus ultimus Zone), Fig. 29- Upper(a) and lower(b) views 0f EUIC1066, sample M2 (Bispathodus
ultimusZone)

Fig. 3, 10, 25- Polygnathus inornatus Branson, 1934;

Fig. 3- Upper view 0f EUIC 1040, sample M31 (Bispathodus ultimus Zone), Fig. 10- Upper(a) and lower(b) views Of
EUIC 1047, sample M32 (Bispathodus costatusZone), Fig. 25- Upper(a) and lower(b) views 0f EUIC1062, sample
M37 (sulcata Zone).

Fig. 4- 5, 7, 11- Polygnathus longiposticus Branson & Mehl, 1934;

Fig. 4- Upper(a) and lower(b) views 0f EUIC 1041, sample M31 (Bispathodus ultimus Zone), Fig. 5- Upper(a) and
lower(b) views Of EUIC 1042, sample M32 (Praesulcata Zone), Fig. 7-Upper view Of EUIC 1044, sample M9
(Bispathodus costatus Zone), Fig. 11- Upper view 0f EUIC 1048, sample M31 (Bispathodus ultimus Zone).

Fig. 6, 8, 9, - Polygnathus sp.;

Fig. 6- Upper(a) and lower(b) views Of EUIC 1043, sample M5 (Bispathodus ac. aculeatus Zone), Fig. 8- Upper(a)

and lower(b) views 0f EUIC 1041, sample M31 (Bispathodus ultimus Zone), Fig. 9- Upper(a) and lower(b) views Of
EUIC 1046, sample M30 (Bispathodus ultimus Zone).

Figs. 16- 20- Bispathodus stablis vulgaris Branson & Mehl, 1934;

Fig. 16- Upper view 0f EUIC 1053, sample M39 (Sulcata Zone), Fig. 17- Upper view 0f EUIC1054, sample M40
(Sulcata Zone), Fig. 18- Upper view 0f EUIC1055, sample M41 (Sulcata Zone), Fig. 19- Upper view 0f EUIC 1056,
sample M41(Sulcata Zone), Fig. 20- Upper view 0f EUIC 1057, sample M41(Sulcata Zone).

Fig. 22-Bispathodus costatus M2 Branson, 1934; Upper view of EUIC 1059, sample M31, (Bispathodus ultimus
Zone).

Fig. 23-Bispathodus ultimus M1 Bischoff, 1957; Upper view of EUIC 1060, sample M30 (Bispathodus ultimusZone).
Fig. 26-Polygnathus cf. inornatus Branson, 1934; Upper(a) and lower(b) views of EUIC 1063, sample M30
(Bispathodus ultimus Zone).





