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Abstract

This report provides new stratigraphical and facies data from Devonian and Carboniferous rocks in the Shine Jinst region
(Trans Altai Zone, southern Mongolia) with a special focus on the Lower Devonian Chuluun Formation, the Middle Devonian
Tsagaankhalga Formation, and the Upper Devonian to Mississippian Heermorit Member of the Indert Formation. Facies
development in the Shine Jinst region exhibits a fundamental break in the carbonate platform evolution in the Lower Devonian
as reef building organisms were affected by a major regression and deposition of several metres-thick conglomerates at the
base of the Tsakhir Formation (Lower Devonian). The overlying Hurenboom Member of the Chuluun Formation is composed
of fossiliferous limestones. Reef building organisms, such as colonial corals and stromatoporoids show low diversity and
exhibit limited vertical growth and lateral extension of individuals. Thus, they do not represent a real reef as proposed in
previous publications but biostromal limestones instead. One reason might be the isolated position of the Shine Jinst region
between an unknown continent and a volcanic arc in the early Middle Devonian that hampered the successful colonization
in shallow-water areas. Bivalves of the Alatoconchid family were once grouped into reef builders or biostrome builders and
they are known only from Permian rocks. The found bivalve biostomes in Mongolia may represent precursors, which would
document the oldest record of Alatoconchids found in the world. Remarkable thicknesses of massive crinoidal grainstones
(“encrinites”) are documented in many parts of the succession, which suggest rather stable environmental conditions of a
carbonate ramp setting at different times. The occurrence of thick-bedded conglomerates in the Shine Jinst section is not
restricted to the Lochkovian to Pragian interval (Tsakhir Formation), but also occurs in the Eifelian. A thick-bedded con-
glomerate, which is interpreted to represent braided fluvial or fan-delta to shallow-marine deposits occurs at the base of the
Tsagaankhaalga Formation. A steep relief associated with uplift and volcanism seems to be a realistic scenario for deposition
of these sediments. This succession points to a remarkable tectonic uplift or sea-level fall in the Middle Devonian. Conodont
findings of the studied section confirm the occurrence of time-equivalent strata of the Chote¢ Event, the Dasberg Crisis, and
the Hangenberg Event found elsewhere in the world, which are described from Mongolia for the first time. Sedimentological
descriptions, revised biostratigraphical data, and U-Pb dating by LA ICP-MS of some volcaniclastic rocks from the Chuluun
Formation are presented in this report. The studied section records a complex interaction of sedimentation, regional tecton-
ics, sea-level changes and coeval volcanism, which is very similar to other regions in Mongolia. The new data provide the
background for further scientific studies in this region. This is a contribution to the Special Series on “The Central Asian
Orogenic Belt (CAOB) during Late Devonian: New insights from southern Mongolia”, published in this journal.
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Introduction
This is a contribution to a special series on “The Central Asian
Orogenic Belt (CAOB) during Late Devonian: new insights from

o Southern Mongolia is centrally located within the Central
southern Mongolia.

Asian Orogenic Belt (CAOB), which is the world's largest
Extended author information available on the last page of the article Palaeozoic accretionary orogenic belt (Sengor et al. 1993).
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The CAOB is subdivided in two structural units, a Neo-
proterozoic northern unit and an early Palaeozoic southern
unit, which are separated by the Main Mongolian Lineament
(Tomurtogoo 1997). These units were subdivided into differ-
ent zones (terranes) and blocks. The accretionary system has
been evolved from the Neoproterozoic time until the Cenozoic
(Safanova et al. 2017) and includes oceanic, intra-oceanic, and
numerous fragments of Precambrian microcontinents and col-
lisional and post-collisional complexes as well as continental
margin arc terranes. Significant progress has been made in
understanding the complex plate tectonic dynamics by studies
on geochronological, geochemical, and isotope dating prefer-
ably from magmatic and metamorphic rocks (Badarch et al.
2002; Windley et al. 2007; Macdonald et al. 2009; Lehmann
et al. 2010; Xiao et al. 2010; Kroner et al. 2010, 2014; Gibson
et al. 2013; Xiao and Santosh 2014; Safonova et al. 2017;
Yang et al. 2019). The CAOB was formed by the suturing of
the Palaeo-Asian Ocean (PAO) and multi-stage Palaeozoic
collisions of the East European -, Siberian -, North China
-, and Tarim cratons. The subduction of the PAO continued
during the middle and late Palacozoic before final closure of
this ocean and its Turkestan and Junggar branches during the
late Palaeozoic to the Mesozoic (Windley et al. 2007; Xiao
et al. 2008; Donskaya et al. 2013; Yang et al. 2015; Safonova
et al. 2017). Although several petrological, geochemical, and
structural studies were conducted to get a better understand-
ing of the complex CAOB framework, detailed sedimento-
logical/facies and stratigraphical descriptions are rare (e.g.
Over et al. 2011; Pellegrini et al. 2012; Gibson et al. 2013;
Sullivan et al. 2016; Cronier et al. 2021; Munkhjargal et al.
2021a, b; Nazik et al. 2021; Roelofs et al. 2021; Waters et al.
2021). Those studies are necessary in order to reconstruct the
complex depositional and tectonic history of the region, and to
decipher regional relationships with adjacent tectonic blocks.
A general stratigraphical background and facies description of
the Shine Jinst region was provided in the frame of the Mon-
golian-Russian expeditions in the 1970°s and later as a result
of the International Geoscience Programms (IGCP"s 410 and
421), and sporadic reports provided information on different
fossil groups and stratigraphy of this region (e.g. Ulitina et al.
1976; Rozman and Minjin 1988; Alekseeva et al. 1996; Min-
jin et al. 2001; Wang et al. 2003, 2005a, b; Over et al. 2011;
Sullivan et al. 2016). Conodont stratigraphy for instance has
been improved since the last decades and new conodont zones
are applied (e.g. Becker et al. 2016), thus revision of earlier
collections and new samples are necessary to constrain the
depositional history/stratigraphy of this relatively unexplored
region. In this paper, we present an overview of Devonian
rocks in the Shine Jinst region as a result of an expedition in
2022 with a special focus on the biostratigraphic frame of the
Lower Devonian Chuluun Formation, the Middle Devonian
Tsagaankhaalga Formation, and the Upper Devonian to Mis-
sissippian Heermorit Member of the Indert Formation.
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Geological setting, study location and stratigraphic
overview

The Shine Jinst region is located in the Gobi-Altai Zone
of southern Mongolia (Fig. 1). According to Kroner et al.
(2010), its southern margin is defined by the Trans-Altai
Fault, which is in contact with the Palaeozoic oceanic
domain of the Trans-Altai Zone. The region south of the
Trans-Altai Fault was divided into a variety of zones and
terranes by various authors (e.g. Ruzhentsev and Pospelov
1992; Badarch et al. 2002). Herein, we follow the subdivi-
sion by Kroner et al. (2010) who proposed a revised geo-
dynamic model for the evolution of SW Mongolia in the
Palaeozoic. According to this study, the Trans-Altai Zone
was subdivided from north to south into the Khuvinkha-
rin Subzone, the Edrengin Subzone, and the Dzolen Sub-
zone. Further to the south the South Gobi Zone occurs. The
latter one was an active accretionary arc system until the
end of the Palaecozoic (Lamb and Bardach 1997) when the
PAO culminated in the collision of the northern China and
southern Mongolia (e.g. Xiao et al. 2008, 2010; Chen et al.
2010). Based on detrital zircon studies from Ordovician to
Lower Devonian rocks the area was formed as an oceanic
basin trapped between an unidentified continent and an off-
shore island-arc complex (Lamb et al. 2008; Gibson 2010),
which is supported by the large thickness of volcanic rocks
in the entire succession. The complex depositional history
was later affected by post-Palaeozoic tectonic implications.
Lamb et al. (2008) have shown that the tectonic and sedi-
mentary setting changed from a convergent margin to an
intracontinental setting with sinistral transpression. Later,
in the Jurassic a left-lateral strike-slip system developed in
Asia, which included two major faults, the Tost Fault and the
Gobi Onon Fault in southern Mongolia (Fig. 1a). According
to Lamb et al. (2008) these faults have the same orienta-
tion and sense of motion as left-lateral faults and associated
wrench thrust faults in the Shine Jinst region. Intracontinen-
tal deformation also occurred during the Cenozoic (Lamb
et al. 2008; Cunningham 2010), resulting in a complex tec-
tonic framework of the entire Shine Jinst region (Fig. 1b—d).
Palaeogeographically, this region was located approximately
35° N of the equator (Copper and Scotese 2003) and average
sea surface temperatures are estimated to have been around
30°C in the Early Devonian (Copper 2002).

The oldest strata exposed in the south-eastern part of the
Shine Jinst region consist of Lower Ordovician rocks of the
Daravgai Formation, which are conformably overlain by
the Gashuun-Ovoo Formation. The thicknesses of Ordovi-
cian rocks vary from 1300 m to 2000 m and sediments are
mainly composed of carbonates, whereas sandstones are less
frequent (Minjin et al. 2001). Ordovician and Silurian suc-
cessions are dominated by limestones. Reefs grew and pro-
duced a rimmed shelf during the lower Silurian until tectonic



Palaeobio Palaeoenv

a - —— —
= QOO(l)E 1OOE)OE 11090E z
o s, —— O
& e
3 | B
.99 v 9 4"
LIRS v %
F9.9.9.9.9.9,
9090999, % e
ORISR,
&, "’.’O’ Mx %
IS -
KXeey Ulaanbaatar [x/ —— Z
\;\9:0:02030;0;}(";'(‘ % =5
SO0 9.9.9,% 5
RS —— A
“""0:"/) — e ——
,Z .:’: ‘——r’“‘ Z
: A TN S0 2 =)
o 30 T a8 b 2N E =T :
2 T AR AR B == s vl
@ |44 Thrust FaultSuture v v v TUEIRLETS > %\?:l"“_ — v.'."""Q:.:‘:.?/’ vl &
W siv gl ou v b AY ARV RV EYS
—m—m Main Mongolian Lineament S.‘,tl'idy\,Avre.,av :::?:9;0’% Gob —AltaL Z_Qﬂ.e‘, VYWY
GobiTien ' W ¢ o TR ELREAT i v v v v
Faketandiiiaya Shan Fault s v od e w3 v ‘Trans-Altai*Zone 7=
E Permian-Triassic Igneous Belt 7 t out a4 V\;VVVVVVVVV Y ¢ e
Y ordovici : ; L% Zau * Gobi Zone VA
rdovician-Carboniferous Basin 10.«,( TR v Gt
Ordovician-Carbonift O ic D i d Al ti Z W
m rdovician-Carboniferous Oceanic Domain and Accretionary Zone 250 km
= Neoproterozoic-Cambrian Oceanic Domain and Accretionary Zone e —— =
:O ﬁ Neoproterozoic-Cambrian Carbonate Platform =)
£ %3 £
g Proterozoic Cratonic Fragments S
90°0°0"'E 100°0°0"'E 110°0°0"'E

Fig. 1 a Tectonic map of Mongolia (reused from Gibson et al. 2013)
based on modifications from Macdonald et al. (2009), and Kroner
et al. (2010). Red circle study area, blue circle studied section

induced regression and siliciclastic sedimentation terminated
carbonate platform sedimentation in the late Silurian—Early
Devonian (Soja et al. 2010; Gibson et al. 2013). Silurian and
Lower Devonian rocks are subdivided into the Shachuluut-,
the Tsagaanbulag-, and the Amansair Formation (Fig. 2),
which are composed of limestones, siltstones and sandstones.
The Tsagaanbulag Formation rests upon the Silurian Shachu-
luut Formation, a hiatus cannot be excluded. The upper part
of the Tsagaanbulag Formation is assigned to middle Lochko-
vian, whereas the stratigraphy of the lower part is still unclear
(Wang et al. 2005a). Thus, the Silurian/Devonian boundary is
not clearly defined. Chemostratigraphy was used to get bet-
ter results (Reitman 2010), and the author concluded that the
Silurian-Devonian boundary may be higher in the Tsagaan-
bulag Formation based on 8'® C isotope data but further sam-
pling is necessary to determine the precise boundary.

The overlying Amansair Formation has a stratigraphical
range from the upper Lochkovian to Pragian. This formation
is unconformably overlain by the Lower Devonian Tsakhir
Formation representing a sharp contact due to uplift and
erosion of older rocks (Lamb and Badarch 1997). Due to
erosion, the Tsakhir Formation overlies different horizons
of the underlying Amansair Formation. The thickness of the
Tsakhir Formation varies between 540-720 m (Minjin et al.
2001). The base of the Tsakhir Formation consists of mas-
sive cobble conglomerates, which are dominated by lime-
stone clasts that were sourced by underlying, mainly Silurian

within the Mandalovoo Subzone (defined as Mandalovoo Terrane by
Badarch et al. 2002) based on data by Munkhjargal et al. (2021)

units. The succession fines upward to interbedded conglom-
erates and sandstones, interbedded sandstones, grainstones,
siltstones and mudstones (Gibson et al. 2013). Felsic vol-
canic deposits also exist in the upper part of this succession.
The formation was interpreted to represent braided fluvial
or fan-delta to shallow-marine deposits (Lamb and Badarch
1997, 2001). The Tsakhir Formation is conformably over-
lain by the Lower Devonian (?Emsian to Eifelian) Chuluun
Formation. The Chuluun Formation marks the beginning
of detailed sampling of our section, although we took some
spot samples for biostratigraphic studies in the Shine Jinst
region from older successions as well. The Chuluun For-
mation was subdivided into two members, the Hurenboom
Member and the Volcanic Carbonate Member (Alekseeva
1993). The Chuluun Formation is disconformably overlain
by the Tsagaankhaalga Formation, which starts with a con-
glomerate and has a total thickness of about 200 m. Wang
et al. (2005b) and Over et al. (2011) assigned this formation
to the early Eifelian according to their described conodont
fauna. This formation is conformably overlain by poorly fos-
siliferous, mainly volcaniclastic deposits of the Gobi-Altai
Formation. The Gobi-Altai Formation is composed of the
lower Tentaculite Member and the upper Khar Member and
was assigned to Givetian to early Famennian by Minjin et al.
(2001). Biostratigraphic results by Sullivan et al. (2016)
suggest an early to middle Givetian age, but the detailed
stratigraphic range of the Gobi-Altai Formation remains

@ Springer
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Fig. 1 b Geological map of the study area according to Wang et al. (2005a). Numbers 1 and 2 show the position of the sections (compare detailed

maps of figures 1c and 1d)

uncertain. The youngest formation of the section is repre-
sented by the Indert Formation, which is subdivided into
the Heermorit Member and the Shombon Member (Fig. 2).
The age of the Heermorit Member is still questionable, as
it was first correlated with Famennian (Minjin et al. 2001)
and later it was considered as latest Famennian and early
Carboniferous (Wang et al. 2005a). The Shombon Member
was assigned to early Carboniferous (Tournaisian) by Minjin
et al. (2001).

Material and methods
This research is based on field observations, polished and

etched slabs, and biostratigraphy of most important succes-
sions of the section. The section was measured bed by bed at

@ Springer

cm scale, and 298 rock samples were taken for geochemical
analysis, sedimentology, and biostratigraphy. Polished slabs
and hand-samples are stored at the Senckenberg Research
Institute and Natural History Museum Frankfurt, Germany,
under repository numbers SMF 99299 to SMF 99349. Addi-
tionally, 101 carbonate samples were dissolved for conodont
biostratigraphy according the preparation method described
in Ta et al. (2022). Whole rock samples of 1.5 to 3.2 kg each
were dissolved. Out of 101 samples 47 were productive so far
(work in progress, some samples require further liquid separa-
tion and picking). The overall number of conodont specimens
is rare, which is comparable to a sampled section in southern
Mongolia (Wang et al. 2005a, b; Munkhjargal et al. 2021b)
and previous conodont studies of this region (e.g. Wang et al.
2005a, b; Sullivan et al. 2016). Several conodont specimens
of biostratigraphic significance were mounted on slides and
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Fig. 1 ¢ Detailed geological map provided by the field trip in 2022 of the Tsakir well area (#1 in figure 1b). Note that the inofficial Chuluun Val-

ley Member is not included in the lithological log (Figs. 8a-c)

sputtered with a Gold-Platinium alloy, and imaged on a scan-
ning electron microscope. The material described and figured
herein is stored at the Mongolian University of Sciences and
Technology, Ulaanbaatar, Mongolia.

As the entire succession contains a number of volcanic
ash layers we took some samples for U-Pb dating. Zircon
concentrates were separated from 1 to 2kg whole rock
material at the Senckenberg Naturhistorische Sammlungen
Dresden (Museum fiir Mineralogie und Geologie, Sektion
Geochronologie, GeoPlasmalab). After crushing up of
the fresh sample in a jaw crusher, material was sieved for

the fraction from 36 to 400 pm. Heavy mineral separation
was achieved from this fraction using LST (lithium
heteropolytungstate in water) prior to magnetic separation in
the Frantz isomagnetic separator. Final selection of the zircon
grains for U-Pb dating was achieved by hand-picking under
a binocular microscope. When possible, at least 150 zircon
grains of all grain sizes and morphological types were selected
(Fedo et al. 2003; Link et al. 2005), mounted in resin blocks,
and polished to half their thickness. Cathodoluminescence
(CL)-imaging was performed using a ZEISS SEM EVO 50
coupled to a HONOLD CL detector operating with a spot

@ Springer
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Fig. 1 d Detailed geological map provided by the field trip in 2022 of
the Bayansair area (#2 in Fig 1b)

size of 550 nm at 20 kV. Zircons were analysed for U, Th,
and Pb isotopes by LA-ICP-MS techniques at the Museum
fiir Mineralogie und Geologie (GeoPlasma Lab, Senckenberg
Naturhistorische Sammlungen Dresden), using a Thermo
Fisher Scientific Element XR sector field ICP-MS (single-
collector) coupled to a RESOlution 193 nm excimer laser.
Each analysis consisted of approximately 15 s background
acquisition followed by 30 s data acquisition, using a
laser spot size of 25 and 35 pm, respectively. A common
Pb correction based on the interference- and background-
corrected 2*Pb signal and a model Pb composition (Stacey
and Kramers 1975) was carried out if necessary. The
necessity of the correction is judged on whether the corrected
207pb/2%Ph lies outside of the internal errors of the measured
ratios (Frei and Gerdes 2009). Discordant analyses were
generally interpreted with care. Raw data were corrected
for background signal, common Pb, laser-induced elemental
fractionation, instrumental mass discrimination, and time-
dependant elemental fractionation of Pb/Th and Pb/U using a
Microsoft Excel ® spreadsheet developed by Richard Albert
Roper and Axel Gerdes (FIERCE, Institute of Geosciences,
Johann Wolfgang Goethe-University Frankfurt, Frankfurt am
Main, Germany). Reported uncertainties were propagated by
quadratic addition of the external reproducibility obtained
from the reference zircon GJ-1 (~0.6% and 0.5-1% for the
207pp/206py and 209ph/238U, respectively; Jackson et al.
2004) during individual analytical sessions and within-run
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precision of each analysis. In order to test the accuracy
of the measurements and data reduction, we included the
Plesovice zircon as a secondary reference in our analyses
and which gave reproducibly ages of 337 Ma, fitting with
the results of Slama et al. (2008). As an additional secondary
reference, the Temora zircon (417 Ma, Black et al. (2003)
were included into the analytical procedure. Concordia
ages (95% confidence level) were produced using Isoplot/
Ex 4.15 (Ludwig 2008). The 2’Pb->°Pb age was taken for
interpretation for all zircons > 1.5 Ga (Puetz 2018), and the
206pp-2381 ages for younger grains. For further details on
analytical protocol and data processing see Gerdes and Zeh
(2006). Zircon grains showing a degree of concordance in the
range of 90-110% in this paper were used for interpretation. U
and Pb content and Th/U ratio were calculated relative to the
GJ-1 zircon reference and are accurate to approximately 10%.
Analytical results of U-Th-Pb isotopes and calculated U-Pb
ages are given in Tables 1 and 2 (electronical supplement).

Results
Biostratigraphy

Herein we present new biostratigraphic data based on cono-
donts of most important successions, which resulted from our
field trip in 2022. Stratigraphically important fossils from ear-
lier publications are included in this report. Due to the large
number of conodont samples and very voluminous residues,
this work is not completely finished. Numerous conodont sam-
ples were barren (approximately 50%) and productive samples
yielded 1 — 5 specimens per kg on average. Most diagnostic taxa
beside others figured herein are from already studied parts of
the succession, in order to get better stratigraphic ranges of the
formations or members. Due to our study, we could fundamen-
tally improve the conodont record and we also could pinpoint
three Devonian events in Mongolia for the first time, the Chote¢
Event, the Dasberg Crisis, and the Hangenberg Event.

Generally, conodont specimens are moderately preserved,
many were fragmented and partially recrystallized.
Carboniferous specimens are well preserved. The Conodont
Color Alteration Index (CAI) ranges between CAI 4.5 for
delicate and/or juvenile forms, and CAI 5 to CAI 5.5 for
adult forms. Biostratigraphy based on conodonts is difficult
in southern Mongolia as the overall conodont abundance
is rather low in comparison to coeval pelagic successions
elsewhere. Although conodont data were published by
Alekseeva et al. (1996), Minjin et al. (2001) and later by
Wang et al. (2003, 2005a, b) most zonal index species
have not been found, or other important findings were not
illustrated (Nyamsuren 1999) and, thus, determinations
remain dubious.



Palaeobio Palaeoenv

Fig. 2: Stratigraphy of the Shine
Jinst region of southern Mon- . .
colia. Compiled afer Rozman System | Stages/Series Formation/Member
and Minjin (1988), Alekseeva —
(1993), Wang et al. (2005a), and E ;
Gibson et al. (2013) and own @) Pennsylvanlan ?
. Shombon Mb.
data. The wavy lines represent -e
erosional unconformities. The © Mississippian Indert Fm.
stippled line across the Silurian/ @) )
Devonian rocks are related to Heermorit Mb.
lateral facies differences. The F :
mennian
stippled line between the Eife- Sl
lian and Givetian stages point to
uncertain stratigraphical ranges . Khar Mb.
of the Tsagaankhaalga- and the Frasnian Gobi-Altai Fm
Gobi-Altai formations ’
% Givetian Tentaculite Mb.
f=
@) Al Tsagaankhaalga Fm.
< Eifelian fa e oo
(o)
Qo i C icM
Emsian Chuluun Fm. arbonate /volcanic Mb.
Hurenboom Mb.
R\;xd| shale.Mh/tI’b.
i Tsakhir Fm. olcanic. Mb.
Pragian Sandst. Mb.
ongl. M
- Ut—"Amansair Fm.
Lochkovian m
|
T Tsagaanbulag Fm.
Pridoli R e ”
o=
© Ludlow
T
= Wenlock ? ?
N enioc
n Sharchuluut Fm.
Llandovery
S Sair. Mb.
O Upper Gashuun-Ovoo Fm. Ulaanshand. Mb.
O Daravgai Fm.

Conodonts from the Amansair Formation

The Amansair Formation has a thickness of 250-295 m and
ranges from late Silurian to Early Devonian (Minjin et al.
2001; Lamb et al. 2008). Conodont record is scarce, findings
of the conodont species Lanea omoalpha suggest a lower
to middle Lochkovian age (Murphy and Valenzuela-Rios
1999; Corriga et al. 2016; Corriga and Corradini 2009).
This species has its first appearance in the Icriodus post-
woschmidti Zone (Corradini and Corriga 2012) as reported
from the Carnic Alps (Corriga et al. 2016). Macrofossils
(corals, brachiopods) point to a stratigraphical range from
Pfidoli to Lochkovian. We have found a spathognathodontid
specimen, which may belong to the genera Zieglerodina? sp.
in sample SH-C-4 (N 44° 21°35,1"", E 99° 2644,9™", see

Fig. 3) in a bioclastic wackestone of the Amansair Forma-
tion, which disconformably underlies the Tsakhir Formation.
Furthermore, a questionable Pandorinellina sp. (could be
Pandorinellina praeoptima) was found in the same sample.
Limestones of the Amansair Formation are not completely
dissolved yet, so we expect to get much better biostrati-
graphic results in future. Nevertheless, the found specimens
point to a Lochkovian to Pragian age.

Conodonts from the Chuluun Formation
We began detailed sampling from the Chuluun Formation
and have found Bellodella resima (Fig. 3) in sample SH-C-

16 (Hurenboom Member, see Fig. 4a) and some broken,
undeterminable conodonts. Higher in the section (sample
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Fig.3: Conodonts from the
Amansair Formation and

the Chuluun Formation. a
Zieglerodina? sp. (sample SH-C-4,
Amansair Formation); b Bellodella
resima Philip, 1965 (sample
SH-C-16, Chuluun Formation);

¢ Criteriognathus steinhornensis
Ziegler, 1956 (sample SH-C-20);
d Latericriodus bilatericrescens
bilatericrescens Ziegler, 1956
(sample SH-C-20, Chuluun
Formation); e Latericriodus
bilatericrescens bilatericrescens
Ziegler, 1956 (broken

specimen, sample SH-C-32); f
Criteriognathus steinhornensis
Ziegler, 1956 (sample SH-C-32); g
Eolinguipolygnathus cf. catharinae
Bultynck, 1989 (sample SH-C-32,
broken specimen)

SH-C-20) we have found rare Latericriodus bilatericrescens
bilatericrescens and Criteriognathus cf. steinhornensis, which
were described by Carls and Gandl (1969) from lower Emsian
rocks. According to Aboussalam et al. (2015), this subspecies
ranges from the Lower bilatericrescens Zone (icriodontid
zonation) to the basal upper Emsian fusiformis Zone.
Aboussalam et al. (2015) have shown that the bilatericrescens
Zone correlates with the higher part of the excavatus
morphotype 114 Zone (global polygnathid Zonation).
Together with Criteriognathus cf. steinhornensis (name-giving
ozarkonidid Zonation), which occurs in the same sample a late
early Emsian age of sample SH-C-20) is confirmed. Higher in the
section, sample SH-C-32 yielded Latericriodus bilatericrescens
bilatericrescens and Criteriognathus steinhornensis and
a questionable (incomplete) Eolinguipolygnathus cf.
catharinae. (Fig. 3). The latter one is the name-giving
species for the catharinae Subzone, which is younger
then conodonts found in sample SH-C-30. Conodonts
Polygnathus pugiunculus and Polygnathus snigirevae are
reported from the Chluluun Formation by Wang et al.
(2003) point to upper Emsian, which were found in higher
parts of their record.

Conodonts from the Tsagaankhaalga Formation
According to Wang et al. (2005a, b) and Chuluun et al.

(2005) the Tsagaankhaalga Formation is Eifelian in age.
Our data support these results (Fig. 4). We have found some
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conodonts specimens from the black limestone and shale
interval (see Figs. 8c and 11). The conodont diversity is low
as well as the number of specimens, which yield icriodontids
only. We found Caudicriodus angustus cauda, Caudicriodus
declinatus, Caudicriodus strelcki, Caudicriodus angustus
angustus (sample SH-C-46 to sample SH-C-48), Icriodus
regularicrescens and Icriodus cf. corniger corniger (Fig. 4).
Icriodus corniger corniger was restricted to the partitus and
costatus Zones (Weddige 1977), whereas Bultynck (1985)
reported the same species ranging from the serotinus Zone
to the costatus Zone. Icriodus corniger corniger was found
in sample SH-C-43 (Fig. 8c). Caudicriodus declinatus and
Caudicriodus angustus cauda seem to be endemic, whereas
Caudicriodus angustus angustus and Caudicriodus stelcki
were reported from the USA, Canada, and Asia (e.g. Stew-
ard and Sweet 1956; Klapper and Ziegler 1967; Bardashev
1990; Klug, 1983; Uyeno 1991; Uyeno and Lesperance
1997) from the Eifelian stage (Po. costatus Zone to T. kock-
elianus Zone).

The occurrence of I. regularicrescens (sample SH-C-48),
which enters in approximately of the middle of the Eifelian
(Polygnathus pseudofoliatus Zone) represents the youngest
part of the greyish limestone succession. Polygnathids
do not occur and thus, it is not possible to present a more
detailed stratigraphy. Caudicriodus angustus angustus and
Caudicriodus stelcki have been interpreted to represent rather
cooler water specimens (Stewart and Sweet 1956; Uyeno and
Lesperance 1997). Based on the stratigraphic range of these
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Fig. 4: Microfossils from the
Tsagaankhaalga Formation.
Ostracods and dacryoconarids
will be published separately

as determination is work in
progress. a Endemic ostracod,
Drepanellid sp. (sample SH-C-
45, Tsagaankhaalga Formation);
b Nowakia sp. (sample
SH-C-43, Tsagaankhaalga
Formation). Conodonts figured
from “c” to “n” are sampled
from the Tsagaankhaalga . © B — — : AN
Formation. ¢ Caudicriodus e _ 200 pm
angustus cauda Wang and
Weddige, 2005 in Wang et al.
2005b (sample SH-C-46); d
Caudicriodus declinatus Wang
and Weddige, 2005 in Wang

et al. 2005b (sample SH-C-

43); e Caudicriodus cf. stelcki
Chatterton, 1974; incomplete
specimen (sample SH-C-45);

f Icriodus regularicrescens
Bultynck, 1979 (sample SH-C-
48); g Caudicriodus stelcki
Chatterton, 1974 (sample
SH-C-46); h Caudicriodus cf.
angustus angustus Steward and
Sweet, 1956 (sample SH-C-
46); i Caudicriodus angustus
cauda Wang and Weddige, 2005
in Wang et al. 2005b (sample
SH-C-47). j Caudicriodus
angustus angustus Steward and
Sweet, 1956 (sample SH-C-47);
k Icriodus cf. corniger corniger
Wittekindt, 1966 (sample SH-C-
43); 1 Caudicriodus angustus
angustus Steward and Sweet,
1956 (sample SH-C-48); m
Caudicriodus declinatus Wang
and Weddige, 2005 in Wang

et al. 2005b (sample SH-C-48);
n Caudicriodus sp. (sample
SH-C-48). o Caudicriodus
angustus cauda Wang and
Weddige, 2005 in Wang et al.
2005b (sample SH-C-48)

200 pm il 200 pm 100 pm 100 pm

100 pm 200 pm 200 pm

shallow-water succession the dark-grey limestones represent et al. 2012). It is interesting to note that this event is also
sediments of the Chote¢ Event. The short event interval falls ~ characterised by the spread of Nowakia sulcata sulcata. In
into the top of the basal Eifelian partitus Zone and is marked  our section large numbers of dacryoconarids occur in sample
by the maximum flooding of eustatic Depophase Ic2 (Becker =~ SH-C-44, SH-C-45, and SH-C-46 (Fig. 8c). So far, we have
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not found diagnostic conodonts from the next younger Gobi
Altai Formation but Sullivan et al. (2016) reported some
diagnostic taxa from this formation, which suggest an age of
Lower to Middle varcus Zone.

Conodonts from the Indert Formation

Carbonates at the base of the Indert Formation yielded
some conodonts, which stratigraphically point to the Upper
Famennian. The base of this part of the section contains
thin-bedded black limestones and shales and might be
incomplete due to small thrusts. Thus, we sampled a suc-
cession, which occurs approximately 100 m in the east (see
Fig. 8d) which is a coeval succession, but more complete.
Both sections yielded nearly the same conodont assemblage,
which shows a stratigraphic range from the Bispathodus
aculeatus aculeatus Zone to the Bispathodus costatus Zone
(Spalletta et al. 2017; = Middle expansa Zone of Ziegler
and Sandberg 1990). An important conodont is Bispathodus
aculeatus aculeatus, which defines the lower boundary of
the name-giving conodont zone was found in sample SHB-
C-1. A questionable ?Clydagnathus plumulus was also found
in the same sample. This species first appears at or near the
base of the Bispathodus aculeatus aculeatus Zone. These
conodonts are accompanied by Pseudopolygnathus primus,
Polygnathus communis communis, and Palmatolepis gracilis
sigmoidalis, and ramiform elements. Polygnathus inornatus
has its first appearance in the Bispathodus costatus Zone
(equivalent of the upper part of the Middle expansa Zone,
Bahrami et al. 2011) and was found in sample SHB-C-3
(Fig. 5; Fig. 8d). Thus, the base of the Indert Formation
(Heermorit Member), which is composed of dark-grey and
black limestones is late Famennian (Bispathodus aculeatus
aculeatus Zone to the Bispathodus costatus Zone) in age.
This succession covers the Dasberg Crisis (e.g. Hartenfels
2011, cum lit.), which is recognised for the first time from
Mongolia. The next sample which yielded conodonts is
sample SHB-C-16. Bispathodus cf. costatus, Polygnathus
vogesi, Bispathodus stabilis, and Pseudopolygnathus
primus were found (Fig. 6). Sample SHB-C-18 yielded
similar conodont association plus Polygnathus communis
communis. The lower part of column “b” of the Indert
Formation (Heermorit Member, sample SH-B-C-33) yielded
the following conodont assemblage: Polygnathus communis
communis, Polygnathus vogesi, and Polygnathus purus
purus among rare ramiform elements. According to Spalletta
et al. (2017) Polygnathus purus purus appears in the ultimus
Zone for the first time. The zonal index species Bispathodus
ultimus was not found. Higher in the section, sample SHB-
C-38 yielded Bispathodus stabilis, Polygnathus communis
communis, a questionable Protognathodus cf. meischneri,
and Protognathodus kockeli (Fig. 6). Protognathodus kockeli
appears just after the Hangenberg Event and ranges to the
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sandbergi Zone (Lane et al. 1980). This species is the name-
giving species of the revised conodont zones in the latest
Famennian (Corradini et al. 2011; Spalletta et al. 2017) and
is equivalent to the Upper praesulcata and sulcata zones of
Ziegler and Sandberg (1984). The black shales below sample
SHB-C-38 most probably are equivalents of the Hangenberg
Black Shale (see Kaiser et al. 2016).

The next productive conodont sample is SHB-C-40
yielding Polygnathus purus purus, Polygnathus sp.,
Polygnathus communis communis, and Siphonodella
duplicata, which is the index species of the lower
Carboniferous duplicata Zone (Fig. 6). Many samples were
barren while some others are still in progress and it might
be that we can further improve the biostratigraphy in future.
According to Minjin et al. (2001) the 360 m thick Shombon
Member, which unconformably overlies the Heermorit
Member is composed of white variously stratified, siliceous
limestones. Brachiopods, crinoids, small corals, ostracods,
gastropods, and Tournaisian conodonts of the Scaliognathus
anchoralis—Doliognathus latus Zone have been found.

Geochronology

In order to get additional stratigraphic data from the shallow-
water Chuluun Formation we took four samples for zircon U-Pb
dating. As the entire succession contains a large number of
volcaniclastic deposits, we took the following samples from the
Carbonate-Volcanic Member of the Chuluun Formation: samples
SH-S-18 and SH-S-21 (both volcanic ashes), sample SH-S-32
(volcaniclastic rock), and sample SH-S-41 (greenish shale with
large amount of volcanic ash). Samples exhibit the following
results: samples getting younger from samples SH-S-18 at the
base to sample SH-S-41 (404.9 + 2.8 Ma to 400.1 + 2.3 Ma)
close to the top of the Carbonate-Volcanic Member. The overall
magmatic age confirms a late Early Devonian (Emsian) age
(Fig. 7) which is consistent with conodont data reported herein.

In samples SHB-G-23 and SHB-G-24b (both volcanic
ashes) of the Indert Formation (Fig. 8) only inherited, very
few old zircons were found and, thus, have been not useful
for U-Pb dating.

Lithofacies and facies development

The description starts from the base of the succession to the
top in order to be consistent with the facies development
during deposition. We measured different sections, focusing
on the Chuluun Formation, the Tsagaankhaalga Formation,
and the Indert Formation (Heermorit Member; Devonian/
Carboniferous transition). The entire studied succession has
a thickness of about 600 m and was measured in cm scale.
The base of the section is located at N 44° 21°56.6™", E 99°
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Fig.5: Conodonts from the
Indert Formation, and from

the more detailed section in

the east at the base of the
formation (compare Fig. 3) a
Pseudopolygnathus sp. (sample
SHB-F/F-1); b Polygnathus

sp. (sample SHB-F/F-1);

¢, d Pseudopolygnathus

primus Branson and Mehl,
1934b (sample SHB-F/F-5);

e Pseudopolygnathus cf.

primus Branson and Mehl,
1934b (sample SHB-F/F-5);

f, g Polygnathus communis
communis Branson and Mehl,
1934b (sample SHB-F/F-5);

h Pseudopolygnathus cf.

primus Branson and Mehl,
1934b (sample SHB-F/F-3); i
Bispathodus aculeatus aculeatus
Branson and Mehl, 1934a
(sample SHB-C-1), not typical
as the posterior bar is wider as
normal; j Pseudopolygnathus
primus Branson and Mehl,
1934b (sample SHB-C-1); k
Bispathodus costatus Branson,
1934 (sample SHB-C-3); 1
Palmatolepis gracilis sigmoidalis
Ziegler, 1962 (sample SHB-C-
3); m Polygnathus communis
communis Branson and Mehl,
1934b (sample SHB-C-3);

n Polygnathus cf. inornatus
Branson and Mehl, 1934b (with
a short posterior blade, sample
SHB-C-3); 0 Pseudopolygnathus
sp., deformed specimen (sample
SHB-C-3); p Pseudopolygnathus
primus Branson and Mehl,
1934b (sample SHB-C-3); q
Polygnathus vogesi Ziegler,
1962 (sample SHB-C-16); r
Bispathodus stabilis Branson and
Mehl 1934a (sample SHB-C-16)

26°59.1°" at an elevation of 1933 m above sea-level. Due
to outcrop situation, we shifted the geological record to the
east or west where necessary (see Fig. 1c, d) to avoid large
thrusts and folded parts. This guaranteed measurement of a
+ continuous succession. Each shift of the section is indi-
cated in the lithological columns (Fig. 8a—d). The end of the

_ 100 pm

section is located at N 44° 22°12.3™", E 99° 32°08.9™" at an
elevation of 2062 m above sea-level.

The section begins with the Chuluun Formation, which
conformably overlies shales and volcanic rocks of the
Tsakhir Formation. The lower part of the Chuluun Forma-
tion is represented by the Hurenboom Member, a 70 m thick
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Fig.6: Conodonts from the
Indert Formation. a Polygnathus
communis communis Branson
and Mehl 1934a (sample
SHB-C-33); b Polygnathus
purus purus Voges 1959

(lower view, sample SHB-
C-33); ¢ Polygnathus purus
purus Voges 1959 (upper

view, sample SHB-C-33); d
Bispathodus stabilis Branson
and Mehl 1934a (sample
SHB-C-38); e Protognathodus
kockeli Bischoff, 1957 (sample
SHB-C-38); f Protognathodus
cf. meischneri Ziegler, 1969
(sample SHB-C-38); g
Polygnathus purus purus Voges,
1959 (sample SHB-C-40); h
Siphonodella duplicata Branson
and Mehl, 1934b (Sample SHB-
C-40)

100 pm

limestone succession, which is composed of well-bedded
biostromal limestones (Figs. 8a, 9a). These limestones were
interpreted to represent a shallow-marine ramp environment
(Pellegrini et al. 2012). Skeletal fragments are dominated by
corals (e.g. solitary rugosans, thamnoporids, syringoporids),
stromatoporoids and bryozoans. Brachiopods, bivalves,
ostracods, and trilobites occur in low abundance, whereas
crinoids are more frequent in distinct layers. The Huren-
boom Member is characterised by skeletal wackestones and
packstones, whereas framestones, bafflestones and bound-
stones occur in specific horizons and are less frequent.

The base of the section is composed of small domical
and laminar stromatoporoids, and bioclastic wackestones.
From about 5 m above the base more corals (solitary
rugose, thamnoporids, and syringoporid corals) occur in
association with bryozoans. More laminar and low-domical
stromatoporoids show up at about 12 m from the base, which
are overlain by thamnoporid bafflestones (Fig. 9b, ¢). 21 m
from the base coral floatstones are covered by laminated
stromatoporoids (up to 30 wide and 1-2 cm thick, Fig. 9d)
and thin-bedded crinoidal grainstones, which alternate
with domical stromatoporoids. Rare stratified thamnoporid
biostromes as well as stromatoporid and coral boundstones,
which have a size of about 60 cm in width and are 25 cm
height, were observed in the section at about 32 m above the
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base. Those small-scaled biostromes were also described
by Pellegrini et al. (2012) from the same section. The low-
domical stromatoporoids and corals reappear from about
35 m to 38 m from the base (Fig. 8a). They do not exhibit
wide lateral extension, they built small clusters instead. The
surrounding sediment is composed of wackestones or lime
mudstones. The overlying four metres are characterised by
a fossil assemblage of corals, laminar stromatoporids, and
bryozoans. A brecciated limestone occurs at 44 m above the
base of the section (Fig. 8a, base of column b).

The next succession ranging from 43 m to 55 m exhibits
a rich fauna, which is composed of bryozoans, laminar
stromatoporoids and different corals, such as thamnoporids
and solitary rugose corals in association with crinoidal
grainstone in the upper part. These limestones are covered
by a massflow deposit of about 60 cm thickness, which rests
upon crinoidal grainstone (Fig. 9¢). This unit is overlain
by stratified thamnoporid biostromes associated with
rugose corals (Fig. 9f, sample SH-S-8) and bryozoans. The
overlying limestones exhibit a decrease in thamnoporid
corals, and colonial corals become sparse while laminated
stromatoporoids with rugose corals are more common. The
top of the section is very similar in faunal composition
as the base of the carbonate succession with laminar
stromatoporids, thamnoporid and syringoporid corals,
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Fig.7: Concordia age diagrams for samples of the Chuluun Formation, Carbonate-Volcanic Member, Shine Jinst (southern Mongolia)

associated with rare brachiopods and some bryozoans. In
distinct layers (sample SH-S-15) characteristic floatstones
(Fig. 9g) occur. Interestingly, there is neither a profound
difference in average organism size, nor in changes of
biodiversity patterns throughout the Hurenboom Member,
which confirms data based on a detailed guild concept study
by Pellegrini et al. (2012). The sedimentological record
of the Hurenboom Member is rather homogeneous as no
siliciclastic sediments are interbedded, no wave ripples
occur and no evidence of intertidal deposits were found.
Fundamental sedimentological differences are rare and occur
in distinct layers, such as intercalated thin-bedded crinoidal
grainstones. Two layers, which differ from the lithofacies
described above are a thick limestone breccia (Fig. 8a, base
of column “b”) and a mass-flow deposit. The thicknesses of
the single beds of the Hurenboom Member are more or less

constant and vary between 15 cm to 35 cm and the fossil
community is rather uniform and less divers.

The overlying Carbonate Volcanic Member of the
Chuluun Formation starts with grey limestones, which are
covered by an interval of greenish shales, tuffs, and greenish
shales with limestone lenses (Fig. 8a). In the middle part
of this succession, a thin-bedded black limestone occurs
(sample SH-C-20, Fig. 8c). The following few metres are
not well exposed. Between two covered intervals a limestone
conglomerate occurs above a fossiliferous limestone. The
conglomerate pebbles are mainly composed of limestones
representing reworked material of underlying units. Rare
pebbles of volcanic rocks occur as well, but they are less
frequent. The following 14 m thick unit is composed of
volcaniclastic rocks and thick-bedded andesitic basalts
(sample SH-G-9). This succession is covered by grey
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Fig. 8 a: Lithological log of the section
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Fig. 9: Field photos showing
sedimentological features and
fauna (Chuluun Formation): a
Prominent ridge of well-bedded
biostromal limestone at the base
of the Chuluun Formation; beds
dipping to north-northeast at
high angle, bedding thickness

is roughly constant (15-35 cm).
b Densely packed thamnoporid
bafflestone in micritic matrix
(pencil for scale). ¢ Well-bedded
thamnoporid floatstone (at the
base) and bioclastic wackestone
at the top (Hurenboom Member,
Chuluun Formation). d Large
laminar stromatoporoid covered
by crinoidal grainstone below
sample SH-C-7 (see Fig. 3).

e Massflow deposit in the

upper part of the Hurenboom
Member, Chuluun Formation;
the matrix between pebbles is

a micritic limestone (hammer
for scale). f Large rugose coral
in a bioclastic wackestone. g
Coral floatstone at the top of the
Hurenboom Member (pencil

for scale). h A polymict, deeply
weathered limestone conglom-
erate from the Carbonate-Vol-
canic Member of the Chuluun
Formation (Fig. 3, column

e, sample SH-S-34). i Coral
floatstone at the base is covered
by low-domical, non-enveloping
stromatoporoids in situ; this
limestone is characterised by

a fossiliferous micritic matrix
and/or a lime mud matrix
(Carbonate-Volcanic Member,
sample SH-F-6)

limestones with less fossils and some tuffs until the lower
part of column “d” (Fig. 8a). Lithofacies changes again
with a thin-bedded limestone conglomerate (sample SH-S-
25), similar to that described above. The overlying unit is
composed of stromatoporoid/coral biostromal limestones.
Faunal diversity is low, and low-domical stromatoporoids
occur in micritc matrix. Bioclasts are rare and mainly
composed of brachiopods and bryozoans. The cyclic
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succession of coral floatstones, which are overlain by
stromatoporoids is repeated several times (Fig. 8a, column
“d”) and the entire interval has a thickness of about 13 m.
Intercalated is a conglomerate, which is covered by grey
limestones with rare fossils. The overlying interval of about
54 m is composed of grey limestones with rare fossils,
intercalated volcanic rocks, greenish shales, and bioclastic
limestones in the upper part (Fig. 8a; Fig 8b, column “e”).
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This succession is overlain by a mixture of volcaniclastic
rocks, a polymict 1.30 m thick carbonate conglomerate
(Fig. 8h, sample SH-S-34), shales with limestone lenses,
and a grey limestone at the top. Based on conodont data
this conglomerate occurs within the bilatericrescens
bilatericrescens Zone. The not exposed 6 m thick interval at
the base of column “f” (Fig. 8b) is covered by a 30 cm thick
limestone conglomerate with a similar pebble composition
described before (sample SH-S-25), which is overlain by a
volcanic ash. A grey limestone is intercalated between two
thin-bedded Emsian black limestones (samples SH-C-31 and
SH-C-32).

The limestones are overlain by low-domical stromato-
poroids as described before (see Fig. 91). Above sample
SH-F-6, a similar succession occurs between sample SH-S-
26 and SH-S-30 (Fig. 8a, column “d”). The following 6 m
thick interval is represented by an alternation of grey lime-
stones and biostromal limestones. These limestones con-
tain rare but large macrofossils and are unique. They are
composed of large bivalves in live position. The length of
the shells exceeded 15 cm (Fig. 10a) and average 7-10 cm.
The shells are mainly compressed in dorsal-ventral direc-
tion and are elongated in the anterior-posterior direction.
The posterior half of the shells consist of a wing-like flat
flanges (Fig. 10b). Single bivalve biostromes (Fig. 10c)
reach a height of 30 to 50 cm and a lateral extension of up
to 2 m. The bivalve biostromes occur in four distinct hori-
zons (Fig. 10b, column “f”’) and can be mapped for several
decimetres laterally. Micrite filled the spaces between the
large shells. The bivalves may belong to the family Alato-
conchidae or Megalodontids (pers. com. Krzysztof Hrynie-
wicz, Polish Academy of Sciences; work in progress). The
third bivalve biostrome is overlain by a polymict limestone
breccia (sample SH-S-35), which is covered by a limestone
conglomerate. Fragments of the breccia and pebbles of the
conglomerate contain different limestone types, such as
bioclastic limestone, grey limestone and bivalve shells of
underlying rocks. The conglomerate is overlain by the fourth
bivalve biostrome horizon.

The following 26 m thick unit is mainly composed of
bioclastic limestones, crinoidal limestones, and less-
fossiliferous grey limestones. Intercalated are thin-bedded
ash layers. The overall fossil community is rather uniform
and less diverse but in distinct layers fish remains occur.
In one horizon of the Chuluun Formation some vertebrate
remains occur along with a remarkable large remnant of an
articulated Early Devonian fish (according to the conodont
record this succession occurs in the catharinae Zone), which
was found above the fourth bivalve biostrome (Fig. 8b,
column “f”, Fig. 10d). According to Martin Brazeau (UK
pers. com.) the fish remain looks like a chondrichthyan/
acanthodian of some sort, viewed from the internal side
of the scale bases and the crowns cut through. It could be

Altholepis or Polymerolepis, or something similar, which is
even more interesting, as those are extremely rare anywhere
in the world.

At the top of this succession volcaniclastic rocks with
reworked limestone pebbles occur (Fig. 8b, top of column
“£”). The next 16 m of the section are characterised by a
thick succession of greenish shales, bioclastic limestones,
crinoidal grainstones, grey limestones, siltstones, and a con-
glomerate at the top. The matrix of this conglomerate is
composed of volcaniclastic material, which terminated the
shallow-water carbonate sedimentation for a while during
the late Emsian.

The section continues further west (see Fig. 1¢) with the
conglomerate marker horizon at the base (Fig. 7b, column
g), which is overlain by an immature sandstone (sample
SH-S-42) and volcaniclastic rocks. The following 18 m thick
succession is composed of alternating fossiliferous siltstone
with carbonate lenses, greenish shales, and crinoidal grain-
stones. Intercalated are volcaniclastic rocks, which contain
reworked crinoids. This succession is conformably overlain
by thick-bedded crinoidal grainstones to packstones. While
most thin-bedded crinoidal grainstones exhibit graded bed-
ding and totally disarticulated crinoid stems, thick-bedded
beds are generally poorly sorted and contain large crinoid
stems in a sparitic matrix (Fig. 10e, sample SH-S-43). Dis-
tinct layers exhibit invers gradation. Crinoidal grainstone
to packstone made of 65-80% of crinoidal fragments along
with rare dissociated brachiopod shells, rugose and tabu-
late corals and bryozoans. Intergranular porosity is rare and
filled by sparite. The next 26 m thick interval is dominated
by crinoidal grainstones to packstones as described before
with intercalations of siltstones, ash layers, and grey lime-
stones. This unit is covered by 16 m thick succession of
volcaniclastic rocks and intercalated shales at the basal part.
The top of this unit is covered by a conglomerate (Fig. 8b,
column “h”, sample SH-F-9a). Due to the complex tectonic
situation and a thick sedimentary cover (“Chuluun Valley
Member” in Fig. 1¢) we continued measuring of the section
further to the northwest, starting with an alternation of grey
limestones and tuffs at the base (Fig. 8c, column “j”). These
rocks are conformably overlain by a 3.60 m thick conglomer-
ate, which is mainly composed of different limestone peb-
bles, less common are sandstones and shales. The sizes of
the pebbles vary from 2 cm to 16 cm in diameter (Fig. 10f).
At the base, the matrix is composed of volcaniclastic mate-
rial (Fig. 10g), whereas the matrix of the upper part of this
conglomerate is represented by lime mudstones to wacke-
stones (sample SH-S-46). According to Wang et al. (2005b)
the Tsagaankhaalga Formation starts with a conglomerate
and is of lower Eifelian.

This succession is covered by green shales. The section
continues 32 m upon a covered interval of approximately
10 m and is characterised by an alternation of crinoidal
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Fig. 10: Field photos showing
sedimentological features and
fauna. a Giant bivalve shells

in situ (scale = 10 cm). b The
posterior half of the shells con-
sist of a wing-like flat flanges on
each valve. ¢ Bivalve biostrome
belonging to ?Alatoconchidae
or Megalodontids from the
Carbonate-Volcanic Member
of the Chuluun Formation. d
Large fish remain of ?Altholepis
or ?Polymerolepis, from the
Carbonate-Volcanic Member of
the Chuluun Formation, above
the bivalve biostrom. e Poorly
sorted crinoidal grainstone

to packstone with large stem
fragments (Tsagaankhaalga
Formation above sample SH-S-
43). f A polymict conglomerate
with large cobbles of different
sizes. The matrix is composed
of volcaniclastic material (ham-
mer for scale). g Detail of the
conglomerate: bw bioclastic
wackesteone, st domical stro-
matoporoid, ¢ tabulate coral, vc
volcaniclastic matrix

limestones (similar as described above), grey, massive lime-
stones with small corals, brachiopods, and ostracods. Interca-
lated is a dark-grey, lower Eifelian limestone (sample SH-C-
43). In the upper part of this succession a small-scaled thrust
was mapped (Fig. 8c). This interval is overlain by dark-grey
limestones and blackish-grey shales (limestone/shale inter-
val, see Fig. 11). The bituminous limestones yielded cono-
donts suggesting an early Fifelian age (see section biostratig-
raphy), which includes rocks representing the Chote¢ Event.
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This unit is covered by grey limestones and thick-bedded
crinoidal grainstones. The latter ones exhibit the same micro-
facies characteristics as described before. Very thick-bedded
layers show hummocky cross-stratification and contain large
stem fragments (grainstone to packstone), thin-bedded lay-
ers are characterised by rather small disarticulated crionoid
columnals, often showing graded bedding. At the end of this
measured section two thick-bedded volcaniclastic rock occur,
which contain reworked crinoids.
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Fig. 11: Field photo showing
the Tsagaankhaalga Formation,
Shine Jinst (compare Fig. 8c,
column “j” to “k”) with black
shales and limestones, which
represent equivalents of the
Chote¢ Event

The next youngest succession starts at the base of the
Indert Formation, which conformably overlies the Givetian
(Sullivan et al. 2016) Gobi-Altai Formation. The latter one is
subdivided into the lower Tentaculite Member and the upper
Khar Member. The less fossiliferous Gobi-Altai Formation
is characterised by sandstone, andesitic basalt, rhyolite, tuff,
chert, and rare intercalated thin-bedded limestone layers
(Minjin et al. 2001). The overall succession of this formation
is very similar to the Minjin Member of the Botuulkhudag
Formation further in the southeast (Mandalovoo Terrane, see
Munkhjargal et al. 2021) and represent more deeper water
environments. The Gobi-Altai Formation was not the focus
of this study although we took some spot samples (fauna and
biostratigraphy). As this is work in progress results will be
published separately.

Our measured section of the Indert Formation starts with
dark-grey shales and limestones, which seems to be incom-
plete due to small-scaled thrusts. Thus, a more complete suc-
cession of those blackish limestone and shale was mapped
further to the east (see Fig. 8d, Indert Formation, column
“e”). Interestingly, the Indert Formation in our section
begins within the Famennian which means that we have no
Frasnian rock record. The boundary to the underlying Gobi
Altai Formation is difficult to define as the stratigraphic
range of this formation is still unclear. According to Minjin
et al. (2001) the Gobi Altai Formation has a stratigraphical
range from the Givetian to early Famennian, which is not
confirmed so far. In case the stratigraphic range of these
authors is correct, a hiatus of several conodont zones is
obvious as our section begins in the late Famennian. Even
a larger hiatus seems possible based on the biostratigraphic
studies provided by Sullivan et al. (2016). The bituminous
black limestone and shale succession at the beginning of the
section (see Fig. 8d) yielded a conodont fauna which points

to the Dasberg Crisis. These sediments have a stratigraphi-
cal range from the Upper Devonian Palmatolepis gracilis
expansa Zone to the Bispathodus aculeatus aculeatus Zone.
Overlying rocks represent an alternation of crinoidal lime-
stones and volcaniclastic rocks with intercalations of grey
limestones and silicified bioclastic limestones. The follow-
ing succession on the other side of a small valley is com-
posed of an alternation of grey limestones, shales, and silici-
fied limestones (Fig. 8d, Indert Formation, column “a”). The
conodont record is good. We could define several conodont
zones and trace the Hangenberg Event higher in this suc-
cession. At the lower part of the section (Fig. 8d) rocks are
dominated by crinoidal grainstones with rare intercalations
of grey and green shales, grey limestones, and volcaniclastic
rocks. The crinoidal grainstones are composed of densely
packed crinoid columnals, which reach several cm in length.
The overall microfacies of crinoidal limestones is similar
to that described from the Chuluun Formation (Carbonate
Volcanic Member). Carbonate mud is rare and columnals
are generally cemented by syntaxial calcite. Crinoid ossicles
also occur within bioclastic wackestones and marly lime-
stones but to a minor percentage, and are admixed with other
skeletal grains. Some crinoidal grainstones exhibit graded
bedding and thick-bedded layers show hummocky cross-
stratification. Intercalated in this succession are thick-bedded
volcaniclastic rocks, which are covered by silicified lime-
stones and greyish, less fossiliferous limestones (Fig. 8d,
column “a”, Fig. 12a).

In the middle part of the Heermorit Member (late
Famennian age) the overall facies setting changes and
hemipelagic conditions prevail. This succession is also
characterised by cyclic sedimentation, very similar to
coeval sediments in southern Gobi (Munkhjargal et al.
2021b). Overlying rocks of about 20 metres are composed
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Fig. 12: Field photos from the
Indert Formation. a Dark grey
shales and limestones of the
Indert Formation at the base,
hammer for scale. b Large tabu-
late corals occur in calcareous
shales of the in the Heermorit
Member. ¢ Sampled section

of the Indert Formation; dark
coloured rock of the Heermorit
Member is covered by light grey
rock of the Shombon Member.
d Hammer marks the erosional
contact between the Heermorit
Member and the Shombon
Member of the Indert Forma-
tion

of an alternation of greyish limestones, shales with large
isolated corals (Fig. 12b), and silicified limestones. Inter-
calated are several thin-bedded ash layers. The middle part
of the Heermorit Member most likely contains the D/C
boundary, which is proven by the conodont record (see
chapter on biostratigraphy). The next 45 metres are domi-
nated by crinoidal grainstone as described before. Some
beds can reach thicknesses of up to 3 m. Intercalated in this
succession are less fossiliferous limestones, siltstones and
rare thin-bedded volcaniclastic rocks. In the upper part, a
several cm thick black shale occurs (sample (SHB-G-23).
These rocks are overlain by a 15 m thick succession of vol-
caniclastic rocks with rare crinoidal grainstone layers (see
Fig. 8d, column c). The overlying sequence until the top
of the section is again dominated by crinoidal grainstone
as before. Rocks of the Heermorit Member and the Shom-
boon Member exhibit fundamental lithological differences
(Fig. 12c). Whereas the first member is mainly composed
of crinoidal grainstone, the second one is characterised by
less fossiliferous grey limestones, which unconformably
overlie the older member (Fig. 12d). The transition marks
the end of our measured section within the Carboniferous.
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Discussion

The study area is characterised by variable shallow-water
sedimentation with rare intercalations of hemipelagic
sedimentation during the Middle Devonian (e.g. basalts of
the Gobi Altai Formation) and the late Famennian. The entire
succession is associated with strong volcanism and tectonics.
One of the most important transitions from preferably
calcareous platform deposition to active tectonics occurred
during the Lochkovian to Pragian stages of the Early Devonian,
were alluvial-fan deposits, unconformities, and volcanism
suggest syndepositional tectonism and coeval volcanic activity.
Gibson et al. (2013) introduced the term “Tsakhir Event”. This
event is documented by a major regression, which finally led
to the deposition of several metres-thick conglomerates at the
base of the Tsakhir Formation. This event is assumed to be
regional, rather than globally significant in terms of eustatic
sea-level changes. Coeval rocks in Southern West Siberia and
Australia do not provide evidence of a major regression at
that time (Talent and Yolkin 1987). Reef building organisms
in the studied section were affected by this regression, which
led to a profound change of reef communities. The Early
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Devonian unconformity, which is present in the Trans-Altai
and in the Gobi-Altai zones is related to the formation of
an Early-Middle Devonian arc in the Edrengin and Dzolen
subzones (Fig. 1a) and back-arc volcanism in the northern
Khuvinkharin Subzone that developed on a passive margin
succession of the Trans-Altai Silurian-Devonian oceanic basin
(Lehmann et al. 2010).

The measured section starts with the Hurenboom Member
of the Chuluun Formation, which exhibits a rather uniform
lithofacies. Main rocktypes are skeletal wackestones and
packstones, whereas floatstones, bafflestones, and bound-
stones occur in distinct layers and represent environmental
changes, which were most likely linked with variable wave
or current energy. Two layers, which differ from the lithofa-
cies mentioned above are a thick limestone breccia and a
mass-flow deposit. The clast-supported monomict limestone
breccia is interpreted as mass-flow breccia resulting from
submarine slides of semi-consolidated sediments triggered
by synsedimentary tectonic activity and/or earthquakes (see
similar successions described by Bohm et al. 1995).

Reef-building organisms of the Hurenboom Member
reveal a rather unique community, which does definitely
not represent a real reef as proposed by Alekseyeva (1993)
and later adopted by Kroner et al. (2010), as reefs require
laterally confined, three-dimensional features raising
significantly above the sea floor. Two-dimensional features
of skeletal builders grown on a single horizontal bedding
surface, lacking cavity spaces, cements and cryptic and
encrusting biota are described as biostromes (e.g. stratified
biostrome). Reef building organisms, such as colonial
corals and stromatoporoids are in life position and occur
mainly in a micritic matrix (see e.g. MacNeil and Jones
2016), but they exhibit limited vertical growth and lateral
extension of individuals. Stromatoporoid morphology and
sediment matrix point to slightly deeper water conditions,
which is consistent with the facies model of James and
Bourque (1992). The low density and low abundance of
reef builders confirm that the bioconstructors of the studied
section failed to create a real reef (Pellegrini et al. 2012),
although potential reef-building organisms were present.
From the palaeogeographic viewpoint, southern Mongolia
was located at 30-35° latitude in the Early Devonian and also
the assumed water-temperatures of about 30°C (e.g. Copper
and Scotese 2003) should have been suitable to establish real
reefs. Stromatoporoid/coral reefs occur in the Early Devonian
in comparable latitudes such as in South China and in the
Urals (Antoshkina and Konigshof 2008; Shen et al. 2008).
Colonization took place on the drowned platform in the Shine
Jinst region (beginning of the section upon the shales of the
Tsakhir Formation, which might be linked with a global
transgression at the beginning of cycle Ib; see Johnson et al.
1985, Brett et al. 2011), but reef builders never reached high
enough density to exceed initial reef development. They form

rather isolated clusters instead, which show up as scattered
low-domical stromatoporoids, or coral biostromes, and they
occur in distinct layers. Hypothesis are presented by Pellegrini
et al. (2012) and there might be several reasons, which are
most likely responsible for hampering the establishment of
real reefs in the Shine Jinst region during the Early Devonian.
Unsuitable or unstable substrate precluded organisms from
expanding laterally, e.g. hard substrate is limited, such as
shell beds, crinoidal grainstone etc. and may have hindered
organismal growth. In comparison to other sections such as in
the Rhenish Massif this aspect might not be the main limiting
factor as stromatoporoids developed preferably on mudstone
or reworked volcaniclastic material, which finally led to the
development of real reefs of different sizes (Konigshof and
Flick in press; Konigshof et al. in press a, in press b). The
bedding thicknesses of limestones of the Hurenboom Member
are more or less constant (15 to 35 cm, Fig. 9a), suggesting
that accommodation space remains uniform (balance of
subsidence and sedimentation rates) and may have hampered
vertical growth. The isolated position of the Shine Jinst region
between an unknown continent and a volcanic arc in the Early
Devonian (Badarch et al. 2002; Lamb et al. 2008; Gibson
2010) where the shallow-marine carbonate ramp evolved,
might be another reason for the unsuccessful colonization.
Similar features are known from an intra-oceanic island arc
in Australia were in situ globular stromatoporoids grew as
scattered colonies on skeletal sands forming less densely
populated biostromes, which never accumulated enough to
build a real reef (Pohler 1998). Underwood et al. (2009) has
shown that geographic isolation may result in less successful
colonisation because of the dispersal limits of planktonic
larvae. Endemic faunas, which were reported from adjacent
regions (Cronier et al. 2021; Nazik et al. 2021; Roelofs
et al., 2021; Waters et al. 2021) may support this hypothesis.
Endemic species are known from this section too, e.g.
conodonts and ostracods. On the other hand, it seems likely
that the CAOB was a biodiversity hotspot for bryozoans and
echinoderms (e.g. Webster 2003; Waters et al. 2021, 2023).
Finally, facies development in the Shine Jinst region exhibits
a fundamental break in the carbonate platform evolution in
the Early Devonian as reef communities were affected by
a major regression and deposition of several metres-thick
conglomerates at the base of the Tsakhir Formation (Gibson
et al. 2013). This event obviously resulted in a fundamental
change of the carbonate factory. As it was discussed by Stearn
(2001) and May and Rodriguez (2012) a general decline at
the end of the Silurian and the long-lasting recovery might be
another limiting factor and/or unsuitable substrate to establish
biostromes (Antoshkina and Konigshof 2008). Although
corals occur, they are isolated (Fig. 9f) and don"t have a wide
lateral expansion, similar to stromatoporoids described above.

The Hurenboom Member is conformably overlain by the
Carbonate Volcanic Member, which marks the beginning
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of a very variable sedimentological/facies development.
Biostratigraphic data and some geochronological results
from the Chuluun Formation confirm an Emsian age.
Whether this formation also ranges into the Eifelian (e.g.
Wang 2005b) remains questionable due to limited cono-
dont data in the upper part of this formation. Volcanism
increases and carbonate sedimentation generally differs from
previous limestone successions as described above, but the
succession contains inimitable units. The large bivalves
found in the section (Fig. 10a—c) may belong to the family
Alatoconchids. Alatoconchids were once grouped into reef
builders or biostrome builders (Kiessling and Fliigel 2000)
and they occur worldwide. They are reported from South
China, Thailand, Phillippines, and Alaska (Kiessling and
Fliigel 2000; Blodgett and Isozaki 2013; Udchachon et al.
2014; Chen et al. 2018). The wide, wing-like flanges of the
shells are most likely an adaptation to life on a soft sediment
surface, which fits to the environment of the studied sec-
tion. Micritic limestones and rare wackestones filled in the
spaces between the large shells (Fig. 6b—d), which suggests
low-energy conditions (Chen et al. 2018; Yancey and Boyd
1983). The flat shells are usually stacked and compacted
tightly (Fig. 10c, d). According to Chen et al. (2018) the
habitat of the giant clams was a setting of normal marine
salinity and warm water, in the lower part of the euphotic
zone. The palaeogeographic position of approximately 35°
N of the equator (Copper and Scotese 2003) and average sea
surface temperatures around 30°C in the Early Devonian
(Copper 2002) fit very well, but the known stratigraphic dis-
tribution of the Alatoconchid family is limited so far to the
Permian (Kungurian to Capitanian; see Chen et al. 2018 cum
lit.). The found specimens may represent precursors (work
in progress), which would document the oldest record of
Alatoconchids found in the world.

The occurrence of conglomerates in the Shine Jinst sec-
tion is not restricted to the Lochkovian to Pragian interval,
but occurs also in the Emsian. This conglomerate most
probably represents a tectonically induced regression and
siliciclastic sedimentation terminated the shallow-water car-
bonate sedimentation (lower part of the Chuluun Formation)
during the late Emsian for a short period. This conglomerate
with a volcaniclastic matrix is interpreted as a braided fluvial
or fan delta deposit, which is similar with the conglomerate
at the base of the Tsakir Formation. Marine sedimentation
started again with the deposition of an immature sandstone,
which is covered by fossiliferous shales and crinoidal grain-
stone in the upper part of the Chuluun Formation.

Another thick-bedded conglomerate of several metres
thicknesses occurs at the base of the Eifelian (Tsagaankhaalga
Formation, Wang et al. 2005a), which is also interpreted
to represent braided fluvial or fan-delta (due to the large
lateral extension) to shallow-marine deposits. A steep relief
associated with uplift and volcanism (see volcaniclastic
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matrix of conglomerates at the base) might be a hypothesis
for deposition of these sediments. This major regressive event
in the Shine Jinst region, expressed as an unconformity as
rapid transition of shallow marine carbonates of the Chuluun
Formation and the coarse clastics (conglomerate) of the
overlying Tsagaankhaalga Formation. The upper part of this
conglomerate exhibits a calcareous matrix with remnants
of marine organisms which may suggest an environmental
chance from non-marine to marine sedimentation. This could
be related to eustatic sea-level rise at the end of cycle Ib
(Johnson et al. 1985, Brett et al. 2011), which is just a working
hypothesis as detailed biostratigraphical control is not present
so far although some new biostratigraphic data are presented in
this report (see above). Several smaller-scaled conglomerates
occurring in the measured succession may represent sediment
emplacement by gravity flows during flood events and/or
are associated with storm events in an overall shallow-water
facies setting. Interestingly, the stratigraphical position of
a thick conglomerate at the base of the Tsagaankhaalga
Formation (Eifelian) is comparable to similar conglomerates
of several metres thicknesses of the Eifelian Takhuul Member
(Botuulkhudag Formation) described from the Mandalovoo
Terrane (Bayankhoshuu Ruins section; Fig. 13) in southern
Mongolia (Munkhjargal et al. 2021b).

Conodonts found in the Tsagaankhaalga Formation, the
occurrence of large numbers of dacryoconarids in several
samples point to equivalents of the Chote¢ Event, which is
described for the first time from Mongolia. Also the Indert
Formation starts in our record with event layers, namely the
Dasberg Crisis. The two sampled sections exhibit the same
stratigraphy based on conodont data (see above). Silicified
limestones in the Upper Devonian are covered by crinoidal
grainstones, which are the dominant rock type in the Famen-
nian of the Shine Jinst section. Intercalated are volcaniclastic
rocks. Crinoid grainstones are characterised by large crinoid
stems, well-preserved crinoid columnals and poor sorting
indicating in place degradation or deposition subsequent to
transport, which is proven by syntaxial rim cement. Graded
bedding may be associated with downward transport from
an outer carbonate ramp setting by submarine currents.
Hummocky cross-stratification indicate deposition during
storm events, whereas slightly changes in microfacies of
grainstones are explained by hydrodynamic changes on the
deposition area (e.g. rise and fall of sea level). Deposition of
massive crinoidal grainstones in our section are thought to
have taken place between the fair-weather wave base and the
storm wave base. Similar interpretations are reported from
Europe (e.g. Waters and Sevastopulo 1984; Webster 2003;
Debout and Denayer 2018) and America (Aussich 1999).
This characteristic limestone was included by Wilson (1975)
in SMF 12.

The remarkable thicknesses of these sediments point to
a relatively long-lasting stable environmental conditions
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Fig. 13: Comparison of composite lithological logs from the Bay-
ankhoshuu Ruins section (Mushgai region, southern Mongolia, see
Munkhjargal et al. 2021) and the Shine Jinst region. Due to over-

(carbonate ramp setting, see regional “encrinites” accord-
ing to Aussich 1997) and dense crinoidal meadows may
have occurred during different times (e.g. upper part of the
Emsian Chuluun Formation, Eifelian Tsagaankhalga Forma-
tion, and particularly in the Late Devonian Indert Formation).
It seems plausible that the occurrence of massive encrinites
in the late Emsian (Chuluun Formation) demonstrates the
recovery of the marine environment after the collapse of
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all similar facies development it seems likely that the investigated
regions belong to the same terrane

reefal ecosystems, similar to the recovery at the end of the
Devonian (Sallan et al. 2011; Aussich and Kammer 2013).
Although Upper Devonian and lower Carboniferous
rocks are known in several areas of Mongolia (Ariunchimeg
et al. 2014, Suttner et al. 2020), the DCB is not documented
in detail so far. It is clear that the remarkable facies
difference of the Heermorit Member and the Shombon
Member (Fig. 12c, d) does not represent the D/C boundary
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as this boundary occurs within the Heermorit Member.
Protognathodus kockeli, which was found in sample SHB-
C-38 shows up just after the Hangenberg Event (Lane et al.
1980). This species is the name-giving species of the latest
Famennian (Spalletta et al. 2017) and this revised conodont
zone is equivalent to the Upper praesulcata and sulcata
zones of Ziegler and Sandberg (1984). The definition of
the base of the Carboniferous Period is defined by the
first appearance datum (FAD) of Siphonodella sulcata in
bed 69 of the valid GSSP at La Serre, southern France.
Recent research and ongoing discussions (see Special
Issue on that topic, Aretz and Corradini 2021 [Eds.]) have
shown that alternative conodonts might be more useful,
such as Protognathodus kockeli, which could define the
D/C boundary (Corradini et al. 2011). In that sense, we
can pinpoint the D/C boundary in the Shine Jinst region,
but in our samples neither Siphonodella praesulcata or
Siphonodella sulcata occur. The black shales below sample
SHB-C-38 most probably are equivalents of the Hangenberg
Black Shale and the D/C boundary should be between
samples SBH-C-38 and sample SHB-C-40, which marks the
Siphonodella duplicata Zone. The stratigraphic range of the
Heermorit Member in our section is not known as conodont
samples in the uppermost part did not yield conodonts.
According to Minjin et al. (2001) the 360 m thick Shombon
Member, which unconformably overlies the Heermorit
Member yielded conodonts of the Scaliognathus anchoralis
—Doliognathus latus Zone. Based on our results and data
provided by Minjin et al. (2001) the Heermorit member of
the Indert Formation most probably has a stratigraphical
range from the Bispathodus aculeatus aculeatus Zone to
the ? Scaliognathus anchoralis —Doliognathus latus Zone.
Interestingly, the Arynshand Formation in southern Gobi
Munkhjargal et al. (2021b) most likely ranges from the late
Bispathodus ultimus conodont biozone to the Scaliognathus
anchoralis—Doliognathus latus Zone and represents a +
similar stratigraphic range as the Heermorit Member of the
Indert Formation. A tectonic breccia occurs in the early
Mississippian in southern Gobi (Munkhjargal et al. 2021b),
which is overlain by a red shale of remarkable thickness
at the top of the Arynshand Formation Formation, which
points to subaerial exposure in the early Mississippian
(near the Tournaisian/Visean transition). It seems coeval
with the erosional surface within the Indert Formation
(transition of the Heermorit Member to the Shomboon
Member) in our section. Although we have not recognised
a hiatus between Devonian and Carboniferous rocks in the
Shine Jinst section, Devonian rocks in Mongolia exhibit
erosional surfaces in different stratigraphical levels and
the stratigraphical record of Upper Devonian rocks and/
or Mississippian rocks thus may differ from section to
section in the investigated regions (see Fig. 2). In the CAOB
Carmichael et al. (2016) have shown that directly below
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the D/C boundary an increased detrital supply occurs,
which provides evidence for an eustatic drawdown in to
an open-ocean island arc environment. These eustatic sea-
level changes might be linked with local tectonics, such
as amalgamation and uplift and later erosion of different
terranes. Other Devonian/Carboniferous transitions in
Mongolia exhibit hiatuses, e.g. as described from the
Mandalovoo-Gurvansayhan terranes in southern Mongolia
(Munkhjargal et al. 2021b).

Depositional similarities of the Mandalovoo-Gurvansay-
han Terrane (Munkhjargal et al. 2021b) and the Gobi Altai
Terrane (this report) are not restricted to the described
conglomerates but occur in many parts of the succession
ranging from the Ordovician to the early Carboniferous.
For instance, both sections are dominated by limestones,
intercalated are thick-bedded volcaniclastic rocks and basalts
(e.g. Gobi Altai Formation, Fig. 13), shales (partly silici-
fied such as in the Famennian) and siltstones, whereas pure
sandstones are rare. Sedimentological differences are obvi-
ous during the Middle and Upper Devonian. Whereas Upper
Devonian sediments in the Mushgai region (Mandalovoo-
Gurvansayhan Terrane) are mainly composed of micritic
fossiliferous limestones, which are slightly silicified in some
horizons, more shallow-water, crinoidal limestones are the
dominant sediment in the Shine Jinst region (e.g. crinoidal
meadows). Intercalated are grey limestones and silicified,
less fossiliferous limestones, and volcaniclastic rocks (see
Fig. 8). Differences in the sedimentological record point to
different facies settings along a passive margin and do not
necessarily represent different structural units or even ter-
ranes. Thus, we assume that the Ordovician to Carbonifer-
ous successions of the study area and the sections described
recently by Munkhjargal et al. (2021b) represent the same
structural unit (passive margin), which belongs to the Man-
dalovoo Subzone proposed by Kroner et al. (2010). Instead
of accretion of exotic terranes (Badarch et al. 2002), Kroner
et al. (2010) concluded that the geology of SW Mongolia
results from polyphase magmatic reworking of a Silurian-
Devonian passive margin of a large microcontinent.

Conclusions

An Early Devonian unconformity, which is linked with a
regional tectonic event led to a profound change of reef com-
munities in the late Early Devonian. Reef organisms such as
corals and stromatoporoids occur but living conditions and/
or geographic isolation resulted in less successful colonisa-
tion, so that reef organisms never accumulated enough to
build real reefs. They grew as scattered colonies forming less
densely populated biostromes. Diversity of reef builders is
low. Endemic species of other fossil groups point to a rather
geographically isolated position.
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Unique large bivalves, which may belong to precursors
of the Alatoconchidea family and remnants of an articulated
Early Devonian fish belonging to chondrichthyan or acan-
thodian represent highlights of our expedition as those are
extremely rare anywhere in the world.

Investigated sections are characterised by remarkable
thick-bedded conglomerates in the Early and Middle
Devonian, which point most probably to regional
regressions. Volcanic activity increased during the Eifelian
to Frasnian, which is documented by a large number of ash
layers and basalts in the Tsagaankhaalga and Gobi-Altai
formations. This part of the succession is similar to another
section in southern Mongolia, which was considered to
belong to another terrane in previous publications.

Thick-bedded crinoidal grainstones occur in different
stratigraphical levels, suggesting a carbonate ramp setting,
which was dominated by dense crinoidal meadows. The D/C
boundary occurs most probably within the Heermorit Mem-
ber of the Indert Formation. Based on new conodont results
we recognised three Devonian events, which are described
for the first time from Mongolia.

The overall facies development of the Shine Jinst region is
very similar to coeval successions described by Munkhjargal
et al. (2021b) for the Bayankhoshuu Ruins section in southern
Mongolia. Occurring facies differences may be explained by
lateral facies changes within a highly mobile depositional set-
ting. Thus, it seems likely that both regions belong to the same
tectonic unit, which is in accordance with data published by
Macdonald et al. (2009) and Kroner et al. (2010).
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