
Review of Palaeobotany and Palynology 295 (2021) 104504

Contents lists available at ScienceDirect

Review of Palaeobotany and Palynology

j ourna l homepage: www.e lsev ie r .com/ locate / revpa lbo
Palynological analysis of the lower member of the Hongguleleng
Formation and discussion of the Frasnian/Famennian boundary
in Western Junggar, NW China
Zhen Shen a,b, Philippe Steemans c, Yiming Gong b,⁎, Ruiwen Zong b, Thomas Servais d

a College of Resources and Environment, Shanxi University of Finance and Economics, Taiyuan 030006, China
b State Key Laboratory of Biogeology and Environmental Geology, School of Earth Sciences, China University of Geosciences, Wuhan 430074, China
c EDDy Lab, Department of Geology, University of Liege, B18 Sart Tilman, B-4000, Liege, Belgium
d Université de Lille, CNRS, UMR 8198 Evo-Eco-Paleo, F-59000 Lille, France
⁎ Corresponding author.
E-mail address: ymgong@cug.edu.cn (Y. Gong).

https://doi.org/10.1016/j.revpalbo.2021.104504
0034-6667/© 2021 Elsevier B.V. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 2 November 2020
Received in revised form 28 July 2021
Accepted 3 August 2021
Available online 8 August 2021
Palynological investigations have been carried out on samples from the Upper Devonian Hongguleleng Forma-
tion of Western Junggar, Xinjiang, NW China. In total, 26 miospore species belonging to 19 genera and 28 acri-
tarch species assigned to 19 genera have been recognized from the lower member of the Hongguleleng Fm. in
the Bulongguoer section. The palynofloral assemblages, in particular the miospore taxa, are similar to those
from the eastern European early Famennian Corbulispora vimineus–Geminospora vasjamica (VV) and Cyrtospora
cristifer–Diaphanospora zadonica (CZ) miospore biozones, albeit quantitatively and qualitatively depauperate.
The miospore assemblage zone is also consistent with the previous zonal schemes in light of brachiopod and co-
nodont fauna assemblages, as well as carbon isotope geochemistry, that indicates a correspondence to the
Palmatolepis crepida conodont Biozone. Part of the earliest Famennian Corbulispora vimineus–Geminospora
vasjamica (VV) (more or less equivalent to the Palmatolepis triangularis conodont Biozone) miospore Biozone
ismost likely to bemissing in the Hongguleleng Fm. of the Bulongguoer section. The palynostratigraphy and sed-
imentary sequence inWestern Junggar are very similar to those from some other regions of western and eastern
Europe, which increases the knowledge of the evolution of the paleoclimate, paleogeography and regional sedi-
mentary environment of the Central Asian Orogenic Belt (CAOB), Eastern European Platform, and Laurussia.

© 2021 Elsevier B.V. All rights reserved.
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1. Introduction

The Hongguleleng Formation of the Bulongguoer section in Western
Junggar, NW Xinjiang, China, has attracted much attention due to its
well-exposed Upper Devonian lithological units and abundant fossils,
such as conodonts (Zhao, 1986; Xia, 1996; Wang et al., 2016), brachio-
pods (Ma et al., 2011), rugose corals (Liao and Cai, 1987), ammonoids
(Zong et al., 2015), trace fossils (Fan and Gong, 2016), and ostracods
(Song et al., 2017b). Multiple geochemical proxies, as well as lithological
and facies analyses have also been discussed around the Devonian–
Carboniferous (D/C) and Frasnian–Famennian (F/F) boundaries in the
Bulongguoer section (e.g. Zhao and Wang, 1990; Xia, 1997; Chen et al.,
2009; Ma et al., 2011; Carmichael et al., 2014, 2016; Suttner et al., 2014;
Wang et al., 2016; Zong et al., 2015, 2017; Zong andMa, 2018). Neverthe-
less, there is still no unanimous agreement on the chronostratigraphic
framework for the Hongguleleng Fm., and the debate about the position
of the F/F boundary in Western Junggar is still ongoing.
Devonian palynological studies in China have mainly been concen-
trated on the South China plate (Li et al., 2002; Shen et al., 2020),
where more than half of the palynological publications have been pub-
lished over the past few decades (e.g., Gao, 2015; Lu, 1995, 1997;Wang,
1996; Ouyang, 2000). The palynological studies in other regions, such
as NW Xinjiang, Western Yunnan, and the Hinggan areas, are still
relatively sparse. In fact, the general poor preservation and high thermal
maturation of the samples are making it difficult to conduct research in
these regions. Until now, palynological reports out of the Bulongguoer
section in other sections of the Hongguleleng Fm. are still rare. The pio-
neerwork for the Hongguleleng Fm., concerningmiospore and acritarch
assemblages from the Bulongguoer section ofWestern Junggar, was car-
ried out by Lu andWicander (1988). Lu (1999) systematically described
the palynomorphs from the overlying Heishantou Fm., whereas the pal-
ynological assemblages of the underlying strata from the upper part of
the Hujiersite Fm. (Emsian–Frasnian) from this region were subse-
quently studied by Xu et al. (2014). More recently, Stachacz et al.
(2021) analyzed palynologically and ichnologically the Hongguleleng
(from the Bulongguoer and Haer sections) and the overlying
Heishantou formations in more detail. The presence of the miospore
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species Grandispora gracilis and Teichertospora torquata enabled the
identification of the wider Teichertosproa torquata–Grandispora gracilis
miospore Biozone from the F/F transitional interval (Stachacz et al.,
2021), but the precise position of the F/F boundary remains uncertain.

During the last two years, palynological sampleswere collected from
the Bulongguoer section in Western Junggar (Fig. 1). Fifteen samples
yielded well-preserved palynomorphs including miospore and
phytoplankton (acritarchs and prasinophytes) assemblages. The paly-
nologically depauperate samples provide important biostratigraphic in-
formation and allow a comparison with sections from other regions of
the world. The objective of the present paper is to precise the position
of the F/F boundary in this area in more detail, and to compare its sedi-
mentary background with other regions at the global level, by studying
the newly collectedmicrofloral assemblages in the Hongguleleng Fm. of
the Bulongguoer section.

2. Geological setting and stratal section descriptions

The Western Junggar (Fig. 1) is an important part of the Central
Asian Orogenic Belt (CAOB). It is lying between the Siberian Craton on
the North and the North China-Tarim Craton in the South (Jahn et al.,
Fig. 1. (a): Late Devonian paleogeographic map (modified from Boucot et al., 2013), showing t
Late Devonian tectonic model of the study area (shown by red circle), indicating an amalgam
(2010); (c): the geographic location inXinjiang, NWChina; (d): Location of the studied section
section.
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2000; Chen and Arakawa, 2005; Cocks and Torsvik, 2007; Windley
et al., 2007). Devonian to Early Carboniferous strata are well-exposed
in Western Junggar; these include the Middle to Upper Devonian
Hujiersite Fm. (Xu et al., 2014), the Frasnian dominated Zhulumute
Fm., the Famennian Hongguleleng Fm., and the Lower Carboniferous
Heishantou Fm. (Cai, 2000; Ma et al., 2017; Zong et al., 2020).

The material investigated in the present study was collected
along the stratotype of the Hongguleleng Fm. from Bulongguoer
(46°45′10.26″N; 86°08′20.70″E; Fig. 1), which has paleontologically
been studied previously by many authors (see Suttner et al., 2014
and references therein). There are obviously different opinions on
the age of the Hongguleleng Fm. and the contact relationship be-
tween the Hongguleleng Fm. and the underlying Zhulumute Fm. In
the Bulongguoer section, the upper part of the Zhulumute Fm. is
composed of cross-bedded sandstone and minor conglomerate of
terrestrial origin, bearing quite common plant fossils including
Callixylon newberryi, Lepidodendropsis rhombica, Leptophloeum
rhombicum, and Xinicaulis lignescens (Cai, 1989; Ma et al., 2011; Xu
et al., 2017; Zheng et al., 2020). Towards the top, there is a covered
interval of several meters between the two formations. During the
past few years, two ditches were dug by Ma et al. (2011), one of
he location of the Kazakhstan Plate where palynological samples have been collected; (b):
ating cluster of island arcs and accretionary complexes. Figure modified from Xiao et al.
andUpper Devonian outcrops ofWestern Junggar; (e): panoramic viewof the Bulongguoer
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which was deep enough to reveal the contact of the parallel uncon-
formity. A layer of loose sandstone weathering in about 25 cm was
discovered at the top of the Zhulumute Fm. (Ma et al., 2011; Ma
et al., 2013).

The Hongguleleng Fm. was lithostratigraphically divided into
three members by Hou et al. (1993), and this division has been
widely used in the subsequent studies. Based on the investigation
of several sections of the Hongguleleng Fm., Ma et al. (2013, 2017)
divided the Hongguleleng Fm. into five members within different
sections in ascending order as follows: the lower member (Saerba
member, Longkou member, and Duguer member), the middle mem-
ber (Wulan member), and the upper member (Chasi member). The
lower member is made of gray, gray-yellow bioclastic limestones in-
tercalated with calcareous conglomerates, siliceous mudstones,
mudstone-shales, or marlstones; the middle member consists of var-
iegated fine-grained volcaniclastic rocks; and the upper member is
composed of gray-green, gray-yellow bioclastic limestones and
calcareous-pelitic clastic rocks. In the present study, the sampling
was mainly focused on the lower member of the Hongguleleng Fm.
from the Bulongguoer section.
Fig. 2. Simplified geological section of the uppermost Zhulumute Fm. and the lower member o
marked. The division scheme of the Hongguleleng Fm. is derived from Ma et al. (2017). A,
Bulongguoer section; B, position of the boundary between the lower and middle members o
Fm.; D, conglomerates from the upper part of the Zhulumute Fm. All photographs used here w
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3. Materials and methods

Fifty-one samples were prepared using standard palynological
methods (Wood et al., 1996) for the recovery of palynomorphs at the
microfossil laboratory of China University of Geosciences (Wuhan), of
which 15 yielded taxonomically differentiated assemblages with
identificable palynomorphs (Fig. 2). The process involved treatment in
HCl–HF–HCl, followed by heavy liquid separation. Selected samples
were bleached tentatively using fuming nitric acid. Samples were then
neutralized with distilled H2O between each of the acid treatments.
The residues were finally sieved through 50 and 15 μm meshes and
the residue was transferred to Lille University, France, where slides
have been mounted. The palynomorphs were photographed with a
Zeiss Axio Imager microspectrophotometer equipped with oil immer-
sion objectives. Generally, the bottom samples, BL-L-5.5, BLG-3, BL-L-
14.5, BL-L-17.5, BLG-4, were dominated by miospores, while the re-
maining samples were dominated by phytoplankton taxa. The
palynomorphs are not very well preserved, with the organic material
being exposed to high temperatures. The phytoplankton taxa are usu-
ally brown in color, and appears to be better preserved than the dark
f the Hongguleleng Fm. in the Bulongguoer section with the productive sample numbers
position of the boundary between the Zhulumute and Hongguleleng formations in the
f the Hongguleleng Fm. in the Bulongguoer section; C, plant fossil from the Zhulumute
ere taken in August 2018.
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brown terrestrial miospores. The palynological slides are deposited in
the collections of the College of Resources and Environment, Shanxi
University of Finance and Economics.

4. Palynological results

The discussion of miospore biostratigraphy in this paper is primarily
based on the palynological samples collected from the lowermember of
the Hongguleleng Fm. from the Bulongguoer section. Unfortunately,
two barren samples were obtained from the Zhulumute Fm., the ab-
sence of palynomorphs being probably due to weathering. The quanti-
tatively and qualitatively depauperate palynomorphs occurring in the
lower member of the Hongguleleng Fm. are poorly preserved with a
high thermal alteration, sometimes making it difficult to accurately
identify the specimens. Fortunately, however, the emergence of some
index taxa in the lowermost part of the lower member of the
Hongguleleng Fm. makes it possible to precise the age of the lower
member of this formation.

The torquata–gracilis (TG) miospore Biozone has been broadly used
in the Old Red Sandstone Continent and adjacent regions (Richardson
and McGregor, 1986; Fig. 3) from the latest Frasnian to the late early
Famennian transition, which is approximately equivalent to the lower
Palmatolepis triangularis Biozone to the middle Scaphignathus velifer
Biozone in terms of conodont zonation, i.e., the newest Palmatolepis
subperlobata or Palmatolepis triangularis Biozone to the Palmatolepis
rugosa trachytera Biozone (Rickard, 1975; Richardson and McGregor,
1986; Spalletta et al., 2017). The TG Biozone can also be tentatively cor-
related with several standard miospore biozones with narrower ranges
in eastern and western Europe (Fig. 3; Streel et al., 1987; Avkhimovitch
et al., 1993). More recently, the appearance of Teichertospora torquata
and Grandispora gracilis in the lower member of the Hongguleleng
Fm., distinguished by Stachacz et al., 2021, enabled the identification
of the TG miospore Biozone from the F/F transition.

Paleogeographically, Western Junggar, located in the Central Asian
Orogenic Belt, was very close to the Eastern European Platform (Fig. 1,
b). Among the miospore floras that have been distinguished from east-
ern Europe, the following taxa have also been identified from the
Hongguleleng Fm. of Western Junggar (Plate I): Corbulispora vimineus,
LA
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Converrucosisporites curvatus var. medius, Dictyotriletes famenensis,
Geminospora vasjamica, Lophozonotriletes cf. furssenkoi, and
Lophozonotriletes lebedianensis.

The miospore composition from the lowermost part of the lower
member of the Hongguleleng Fm. is rather similar to the eastern
European Corbulispora vimineus–Geminospora vasjamica (VV) Biozone
and the upper Cyrtospora cristifer–Diaphanospora zadonica (CZ) Biozone
described by Avkhimovitch et al. (1993).

Corbulispora vimineus (sample BL-L-5.5), the index species of the
VV Biozone, is recorded in the lowermost part of the Hongguleleng
Fm. (Plate I). According to Avkhimovitch et al. (1993), C. vimineus
first appeared in the VV Biozone (Fig. 4). In addition, important taxa
such as G. vasjamica, L. cf. furssenkoi, and C. curvatus var. medius
could also be distinguished in the samples BL-L-14.5 and BL-L-17.5, re-
spectively. Such species are typical taxa in the two biozones of eastern
Europe, having a relatively short duration. Nevertheless, it remains
difficult to accurately compare the Chinese assemblages with the
miospore biozonation of eastern European, because specimens are
not sufficiently well-preserved. The miospore assemblages from the
lowermost Hongguleleng Fm. correspond probably to the eastern
European VV or/and CZ biozones. The appearance of D. famenensis
and L. lebedianensis in sample BL-L-20 suggests that the presence of
the characteristic species at the lower part of the lower member of
the Hongguleleng Fm. might be correlated to the eastern European
CZ Biozone. The two species were previously reported in the eastern
European GM Subzone (belonging to the Cyrtospora cristifer–
Diaphanospora zadonica Biozone, CZ Biozone) and the upper
Lagenoisporites immensus (lm) Biozone (Avkhimovitch et al., 1993,
pl. 19, fig. 13; pl. 21, fig. 2), respectively (Fig. 4).

Regarding the phytoplankton, it is generally considered that
paleolatitudes, paleocurrents, paleoecologic conditions (such as water
temperature, water chemistry, water depth, distance from shoreline,
etc.) and physical barriers may have affected the composition of
organic-walled phytoplankton assemblages (Tyson, 1995; Le Hérissé
and Gourvennec, 1995; Tongiorgi et al., 1995; Le Hérissé et al., 1997;
Li and Servais, 2002; Li et al., 2004; Playford, 2003; Molyneux et al.,
2013; Shen et al., 2019). Even in the contemporaneous sequences, the
composition of phytoplankton in different regions may not be the
MIOSPORE ZONATION
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Plate I. Famennian miospores from the lower member of the Hongguleleng Fm. in the Bulongguoer section. Scale bar = 20 μm. 1: Dictyotriletes sp., sample BLG6-7; 2–3: Corbulispora
vimineus (Nekriata) Obukhovskaya et Nekriata, 1983, sample BL-L-5.5–3 and BL-L-5.5–4; 4–5: Knoxisporites dedaleus (Naumova) Streel, 1977, sample BL-L-5.5–5 and BL-L-5.5-6; 6:
Raistrickia cf. incompleta Lu, 1981, sample BL-L-14.5–1; 7–8: Geminospora vasjamica (Tchibrikova) Obukhovskaya et Nekriata, 1983, sample BL-L-14.5-2 and BL-L-46-99; 9: Grandispora
gracilis (Kedo) Streel in Becker et al., 1974, sample BL-L-14.5–4; 10: Raistrickia ? multipertica Hoffmeister, Staplin et Malloy, 1955, sample BL-L-14.5–5; 11: Spelaeotriletes sp., sample
BL-L-17.5–1; 12: Auroraspora solisortus Hoffmeister, Staplin et Malloy, 1955, sample BLG5-5; 13: Converrucosisporites curvatus (Naumova) Turnau var.medius, Kedo, 1957?, sample BL-
L-17.5–3; 14: Leotriletes sp., sample BL-L-20-1; 15: Pustulatisporites pullus (Naumova) Obukhovskaya, 1993, sample BL-L-5.5–12; 16: Lophozonotriletes sp., sample BL-L-20-0; 17:
Lophozonotriletes lebedianensis Naumova, 1953, sample BL-L-20-4; 18: Auroraspora cf. macra Sullivan, 1968, sample BL-L-46-95; 19: Geminospora sp., sample BL-L-46–100; 20:
Lophozonotriletes cf. furssenkoi Nekriata, 1974, sample BL-L-14.5–3.
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same, which is the result of dissimilar paleoecologic or paleo-
environmental conditions, or disparate taxonomic and nomenclatural
interpretations among different authors (e.g., Wicander and Playford,
2013). Up to now, no global phytoplankton biozonation scheme has
been proposed, although regional biozonations have been proposed in
5

the past (e.g., Molyneux et al., 1996; Le Hérissé et al., 2000; Filipiak,
2005).

The phytoplankton recovered from the lowermost part of the
Hongguleleng Fm. are of lower quantity, but also of lower diversity
than the miospores from the same interval. Although the stratigraphic
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ranges recorded elsewhere in the world of several phytoplankton spe-
cies recorded in this study commences in the Middle or even Early
Devonian, many taxa identified are restricted to the Late Devonian at a
global level. The Hongguleleng Fm. phytoplankton assemblage
(Plates II, III) indeed points to a Late Devonian, especially Famennian
age (Fig. 5). Among the common and cosmopolitan phytoplankton spe-
cies identified in the present study, a few are restricted to the Late Devo-
nian, although some of them have also been reported from the
Mississippian (Fig. 5). These taxa include Cymatiosphaera rhodana
Wicander and Loeblich, 1977, Crassiangulina tesselita Jardiné, Combaz,
Magloire, Peniguel et Vachey, 1974, Dictyotidium granulatum Playford
and Dring, 1981, Estiastra culcita Wicander, 1974, Gorgonisphaeridium
plerispinosum Wicander, 1974, Lophosphaeridium segregum Playford,
1981, Micrhystridium flexibile Wicander, 1974, Micrhystridium
wepionense (Stockmans and Willière) Lu and Wicander, 1988,?
Polyedryxium lagoviense Górka, 1974, Solisphaeridium spinoglobosum
(Staplin)Wicander, 1974, and Unellium piriforme Rauscher, 1969. How-
ever, a few taxa are so far stratigraphically limited to the Famennian,
providing a useful biostratigraphic information: Crassiangulina tesselita,
Cymatiosphaera rhodana, Estiastra culcita, and ? Polyedryxium lagoviense.
Most of these taxa need, however, a careful taxonomic and biostrati-
graphic revision.

Among the taxa recorded in the phytoplankton assemblage, Estiastra
culcita Wicander, 1974 was previously mentioned from the Famennian
Chagrin Shale, Ohio and Illinois Basin, U.S.A. (Wicander, 1974;Wicander
and Playford, 2013). The discovery of this species in the Western
6

Junggar might be the first report outside Laurussia, South America and
Iberia. Another species Crassiangulina tesselita Jardiné, Combaz,
Magloire, Peniguel et Vachey, 1972, has been regarded as characteristic
of peri-Gondwana localities, because it was possibly restricted to high
paleolatitudinal regions of the margin of Gondwana, such as Iran
(Ghavidel-Syooki, 2001), Portugal (Pereira et al., 2008, 2018), Lybia
(Moreau-Benoit, 1984; Streel et al., 1988), and Bolivia (Vavrdová et al.,
1991) (Fig. 6). It seemsnot to be distributed in lower paleolatitudes dur-
ing the Late Devonian (Molyneux et al., 2013). However, this latter
taxon is possibly a senior synonym of Veryhachium improcerum
Wicander and Loeblich, 1977. Although Wicander and Loeblich (1977)
discussed the morphological differences between their newly
established species Veryhachium improcerum, recorded from Indiana,
U.S.A. and the holotype of C. tessellita, it can be assumed that, based on
morphological characteristics, at least some specimens of Veryhachium
improcerum (Wicander and Loeblich, 1977) can be considered to be syn-
onymous of C. tessellita. The paleogeographic distribution of C. tessellita
was therefore not only limited to the peri-Gondwanan border, but has
probably a wider distribution, at least into the Kazakhstan Plate and
Laurussia. Crassiangulina tesselita may well have been dispersed into
lower paleolatitudes during the Late Devonian.

Globally, the phytoplankton assemblage of the Illinois Basin displays
the closest similarity to that from the Famennian Hongguleleng Fm.
(Fig. 6) (Wicander and Playford, 2013). In addition to the taxa that
have been reported by Lu and Wicander (1988) and Stachacz et al.
(2021), there are a number of stratigraphically long-range Devonian
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Wicander, 1988, sample BL-L-46–7; 8: Veryhachium lairdi (Deflandre) Deunff, 1959, sample BL-L-46–14; 9: Unellium winslowiae Rauscher, 1969, sample BL-L-46–12; 10: Unellium
piriforme Rauscher, 1969, sample BL-L-46–11; 11: Crassiangulina tesselita Jardiné, Combaz, Magloire, Peninguel et Vachey, 1972, sample BL-L-46–2; 12: Leiofusa sp., sample BL-L-20-7;
13–14: Pterospermella capitana Wicander, 1974, sample BL-L-46-8; BL-L-20-3; 15: Muraticaea enteichia Wicander, 1974, sample BL-L-14.5–1; 16: cf. Divietipellis robusta Wicander,
1974, sample BL-L-32–1.
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taxa that have been found in the Hongguleleng Fm.; these include
Centrasphaeridium lecythium Wicander and Playford, 1985, Daillydium
pentaster (Staplin) Playford, 1981, Gorgonisphaeridium evexispinosum
Wicander, 1974, Pterospermella capitanaWicander, 1974, Dorsennidium
europaeum (Stockmans et Willière, 1962) Sarjeant and Stancliffe 1994,
and V. lairdii (Deflandre) Deunff, 1959.

5. Discussion

5.1. Age implication of the lower member of the Hongguleleng Formation

Opinions differ regarding the age of the Hongguleleng Fm. Previous
studies have exhibited that the age of the Hongguleleng Fm. was rang-
ing from the Famennian to the early Carboniferous (Zhao, 1986; Zhao
and Wang, 1990; Xia, 1996), while several authors believed that there
were at least upper Frasnian strata at the bottom of the Hongguleleng
Fm. (Xia, 1997; Chen et al., 2009; Suttner et al., 2014;Wang et al., 2016).
7

According to the palynogical samples from the lower member of
Hongguleleng Fm. in Bulongguoer section, Lu and Wicander (1988) in-
dicated that the acritarch assemblage belonged to the late Frasnian-
Famennian, and they considered that it was fairly similar to the assem-
blages from Belgium and North America. Despite this, these authors ad-
mitted that the miospores are very poorly preserved and difficult to
compare with the coeval assemblages from Europe, North America,
and other regions of China.

In western Europe, Streel (2009) renamed the previousmiospore IV
(lastest Frasnian) and V (earliest Famennian) (Streel et al., 1987)
biozones as the Rugospora bricei–Cymbosporites acanthaceus (BA) and
Knoxisporites dedaleus–Diducites versabilis (DV) biozones (Fig. 4), re-
spectively. In Western Junggar, Knoxisporites dedaleus (Plate I, 4–5)
has been identified from sample BL-L-5.5 in the lowermost part of the
Hongguleleng Fm., according to the discussion concerning western
Europe, the K. dedaleus FOB (First Occurrence Biohorizon) should fit
into the triangularis Biozone or even higher in the Famennian (Streel,
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Plate III. Famennian palynomorphs from the lowermember of the Hongguleleng Fm. in the Bulongguoer section. Scale bar= 20 μm. 1: Dictyotidium granulatum Playford and Dring, 1981,
sample BLG5-7; 2: Pterospermella capitanaWicander, 1974, sample BLG6-1;3:Gorgonisphaeridium evexispinosumWicander, 1974, sample BLG4-1;4: Cymatiosphaera rhodanaWicander et
Loeblich, 1977, sample BLG7-1; 5: Polyedryxium cf. ambitum Wicander et Wood, 1981, sample BLG5-9; 6–7: Gorgonisphaeridium plerispinosum Wicander, 1974, samples BLG5-14 and
BLG5-15; 8: Polyedryxium pharaonis (Deunff) Playford, 1977, sample BLG5-8; 9: Leiosphaeridia sp., sample BLG2-1; 10: Divietipellis robusta Wicander, 1974，sample BLG3-2; 11:
Micrhystridium cf. pascheri Stockmans et Willière, 1962, sample BLG5-3; 12–13: Micrhystridium flexibile Wicander, 1974, samples BLG5-1 and BLG5-4; 14:? Polyedryxium lagoviense
Górka, 1974, sample BLG5-5; 15: Daillyidium pentaster (Staplin) Playford and Dring, 1981, sample BLG6-2; 16: A plant tracheid fragment, sample BLG5-16.
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2009). The other typical Famennian to Tournaisian (Tn1) species, such
as Diducites poljessicus, can be recovered in the lowermost sample of
the Hongguleleng Fm. (sample BLG-L-14.3; Plate IV, 12) as well.
Diducites poljessicus first appeared in the early Famennian (Van Veen,
1980; Becker et al., 1974; Loboziak and Streel, 1981). Therefore, the
lower member of the Hongguleleng Fm. should be of early Famennian
age.

In terms of proportions, the organic material in the lowermost sam-
ples of the Hongguleleng Fm. is dominated by terrestrial microfloras
represented by important taxa characteristic for the lower Famennian
VV and CZ miospore Biozone, where important taxa, for instance
Corbulispora vimineus, Geminospora vasjamica, Dictyotriletes famenensis,
have been observed (Fig. 7; Plate I). The appearance ofD. famenensis and
L. lebedianensis indicates that the earliest Famennian deposits (corre-
sponding to the lower part of the VVmiospore Biozone)may bemissing
in the lowermost part of the Hongguleleng Fm.

The conodont assemblages from the Hongguleleng Fm. of the
Bulongguoer section reported by Zhao and Wang (1990) contain taxa
that indicate the Famennian crepida to marginifera conodont biozones
(Ziegler and Sandberg, 1990). However, Xia (1996) considered that
8

the lower member of the Hongguleleng Fm. was roughly equivalent to
a conodont biozone spanning an interval from the Frasnian upper Pa.
rhenana to the Famennian crepida biozones. More recently, Zhang
(2019) reinvestigated the conodont assemblages of the lower member
of the Hongguleleng Fm. Based on the presence of several significant
Famennian taxa, such as Palmatolepis prima and Ancyrognathus bifur-
cates, Zhang (2019) supported Zhao and Wang's (1990) view that the
lower member of the Hongguleleng Fm. did not contain any typical
Frasnian conodont taxa and considered that the F/F boundary is not
present in the Hongguleleng Fm.

The presence of corals and brachiopods in the lower member of the
Hongguleleng Fm. is consistent with the Famennian age (Zong et al.,
2017). In terms of brachiopods, the benthic brachiopod fauna from the
Hongguleleng Fm. is characterized by an association of productids,
rhynchonellids, and cyrtospiriferid spiriferids, and the absence of
atrypides (an important group in pre-Famennian strata) (Ma et al.,
2011). Five brachiopod assemblages of Famennian age have been
established by Zong et al. (2016) based on new material from the
Hongguleleng Fm. and the overlying Heishantou Fm. in western
Junggar. In ascending order, they are: the Caenanoplia? aff. logani
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assemblage, the Paleospirifer–Megalopterorhynchus assemblage, which
can be divided into the Cyrtospirifer sulcifer subassemblage and the
Rugaltarostrum subassemblage, the Ambocoelia? cf. unionensis assem-
blage, the Austrospirifer? sp. assemblage, and the Syringothyris–Spirifer
assemblage, which corresponds to the standard Famennian conodont
biozone starting upwardly from the crepida Biozone (Zong et al.,
2016). The distribution of the brachiopods suggests that the lower
member of the Hongguleleng Fm. is consistent with the evidence of
the conodont biozonation of Zhao andWang (1990), where the earliest
Famennian triangularis conodont Biozone is missing.

Regarding geochemical research, Suttner et al. (2014) analyzed the
lithology and facies, conodont biostratigraphy and geochemical data in
the Bulongguoer section. The authors believed that the basal limestone
beds of the so-called “Hongguleleng Fm.” belong to the late Frasnian
linguiformis conodont Biozone, and that the Frasnian-Famennian transi-
tion is located 2.7 m above the formation boundary, based on the first
occurrence of Palmatolepis triangularis. A prominent positive excursion
of δ13C is occurring at the base of the Hongguleleng Fm. across the F/F
boundary (the linguiformis–triangularis zonal boundary) increasing
from −5.72‰ to maximum values of +0.62‰. Suttner et al. (2014)
also explained that the high covariance of δ13C and δ18O (r2 = 0.98) at
the base of the Hongguleleng Fm. indicates that the isotope signal may
be diagenetic and not a primary signal of marine chemistry (Suttner
et al., 2014). At about the same time Carmichael et al. (2014) analyzed
9

the geochemical proxies from the uppermost 1 m of the Zhulumute
Fm. to the basal 6mof the Hongguleleng Fm. in the Bulongguoer section
and recognized the Upper Kellwasser Anoxia Event, with a 2‰ positive
δ13C excursion at the “F/F boundary.”

Recently, the carbon and oxygen isotopes of the Bulongguoer section
have been restudied by Zong et al. (2017). After considering the diagen-
esis on the lower part of the lowermember, the new trend of δ13C result
is strikingly similar to that of Suttner et al. (2014) and Carmichael et al.
(2014). However, there is no significant positive excursion signal at the
base of the Hongguleleng Fm. Interestingly, this variation trend of δ13C
in the lower member of the Hongguleleng Fm. can be compared with
that from coeval conodont zones from central Hunan Province, South
China (Pa. crepida–Pa. rhomboidea conodont biozones).

In summary, multiple evidence, including works from microfloral
assemblages, indicates that the F/F boundary may not exist in the
Hongguleleng Fm., and that even the earliest Famennian strata, corre-
sponding to the Pa. triangularis Biozone may be missing in Western
Junggar (Fig. 3; Ma et al., 2017; Zong et al., 2017).

5.2. The F/F transitional eustatic regression and its response

Despite the fact that the cause of the Late Devonian F/F biotic crisis is
still controversially debated, many authors believe that the significant
climatic cooling, which may have resulted in short-term glacial phases
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(Streel et al., 2000) and regression (Johnson et al., 1985;Ma et al., 2016),
is one of the major drivers of the F/F event (Song et al., 2017a; Huang
et al., 2018). A large-scale regression occurred globally in the latest
Frasnian (Veimarn et al., 1997; Muchez et al., 1996; Ma et al., 2016),
resulting in a hiatus that has been recorded in central North America
(Day, 1998), Poland (Racki et al., 2002), Germany (Piecha, 2002),
France (Loboziak and Streel, 1981), Southern Siberia (Gutak et al.,
2011), western Russia (Filipiak and Krawczyński, 2018), and Western
Junggar.

In southern Poland, high-resolution biostratigraphic studies con-
firmed the occurrence of a third-order sequence boundary in the F/F
transition in an active synsedimentary tectonic setting, marked by ero-
sional discontinuities, hardgrounds and brecciation or omission surfaces
(Racki et al., 2002). In the Volga region, the lowest part of the
Famennian succession is always absent in the Central Devonian Field,
Russia (Obukhovskaya et al., 2000), and a prominent paraconformity
(or even disconformity) is suggested to be at the boundary level
over the central and western part of the East European Platform
(Tikhomirov, 1995; Alekseev et al., 1996; Nikishin et al., 1996;
Mantsurova, 2003; Zatoń et al., 2014; Filipiak and Krawczyński, 2018).
Filipiak and Zbukova (2006) focused on the palynostratigraphy of the
Frasnian-Famennian boundary from the Central Devonian Field, west-
ern Russia. The research confirmed the existence of a sedimentological
10
gap between the Livny and Zadonsk horizons, including all of the Volgo-
grad horizon, the depositional break near the F/F transition caused the
loss of Corbulispora viminea–Geminispora vasjamica (VV) miospore
Biozone (Filipiak and Zbukova, 2006; Filipiak and Krawczyński, 2018).

In the Boulonnais area, France, and at Senzeilles, Belgium, a dolo-
mitic bed is exposed in the Hydrequent Fm. near the F–F boundary.
The last spore assemblage from the uppermost part of the Hydrequent
Fm. containing taxa such as Knoxisporites dedaleus, K. cf. hederatus,
Auroraspora hyalina, A. macra, and Diducites plicabilis, is very different
from the lower part, implying the presence of a possible sediment gap
or condensation between the dolomitic bed and these samples
(Loboziak and Streel, 1981). Therefore, the uppermost part of the
Hydrequent Fm. corresponds to the P. crepida Biozone, and there is
likely to be a depositional hiatus in the Boulonnais between the
miospore assemblages IV and V (Streel et al., 1987; Streel, 2009),
which is probably caused by the eustatic regression at the end of the
Frasnian age.

In the semi-restricted and restricted platform facies of Dushan,
Guizhou Province, South China, the Yaosuo Fm. near the F/F bound-
ary interval is characterized by thick to massive dolomitic limestones
and dolostones in some intervals with two erosive surfaces occurring
at the bottom and lower part of the dolomitic bed (Wang and Chen,
1999). Similarly, the eustatic sea-level regression happened in
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Plate IV. Famennianmiospores (1–12) andphytoplankton (13–20) from the lowermember of theHongguleleng Fm. in theBulongguoer section. Scale bar=20 μm. 1: Aneurospora greggsii
(McGregor) Streel in Becker, Bless, Streel et Thorez, 1974, sample BLG6-6; 2: Dictyotriletes famenensis Naumova, 1953, sample BL-L-20-6; 3–4: Aneurospora spp., samples BL-L-46-97 and
BL-L-46-93; 5: Camarazonotriletes sp., sample BL-L-46-98; 6: Cymbosporites cf. magnificus (McGregor) McGregor et Camfield, 1982, sample BL-L-46-96; 7: Geminospora punctata Owens,
1971, sample BLG6-1; 8: Auroraspora macra Sullivan, 1968, sample BL-L-46-94; 9: ? Tholisporites sp., sample BLG5-13; 10: Retusotriletes sp., sample BLG6-11; 11: ? Acanthotriletes
hacquebardii Playford, 1964, sample BL-L-5.5–5; 12: Diducites poljessica (Kedo) emend. Van Veen, 1981, sample BLG3-1; 13–15: Veryhachium trispinosum (Eisenack, 1938) Stockmans
et Willière, 1962, sample BL-L-38.7–1; BL-L-46–16; BL-L-52.5–1; 16: Estiastra culcita Wicander, 1974, sample BLG3-2; 17: Dorsennidium europaeum (Stockmans et Willière, 1962)
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Hunan Province, South China also caused a sedimentary hiatus at the
top of the Wujiafang Fm., that is dominated by the near-shore sandy
facies in the Leimingqiao section, and at the top of the Laojiangchong
Fm., dominated by subtidal mixed carbonate and argillaceous facies
in the Qiziqiao section, which led to the absence of the earliest
Famennian Yunnanella interval in both sections. Therefore, the F/F
boundary is also not present in the concerned sections (Ma et al.,
2016).
11
TheWestern Junggar is located in the CAOB, where the Upper Devo-
nian is mainly composed of the Frasnian Zhulumute Fm., and the
Famennian Hongguleleng Fm. Regarding the lithological sequence, the
Zhulumute Fm. is composed of sandstones, gravel sandstones, tuffa-
ceous sandstones, and conglomerates as a whole, with rich plant stem
fossils discovered frequently at outcrops (Cai, 1989; Xu et al., 2017;
Zheng et al., 2020), which was thought to represent a fluvial environ-
ment (e.g., Zheng et al., 2020). The overlying lower member of the
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Fig. 7. Range chart of miospores and phytoplankton species in the investigated samples.
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Hongguleleng Fm., deposited in a shallowmarine sedimentary environ-
ment, is composed mainly of bioclastic limestones, variegated siliceous
claystones, tuffaceous siltstones and fine-grained sandstones. A layer
of thin-bedded bioclastic or shelly limestone appears at the bottom of
the Hongguleleng Fm., representing a saltatory type sea-level change,
which is characterized by a rapid and high-magnitude sea-level fluctu-
ation in a very short time. As mentioned previously, two ditches were
dug to reveal the contact of the parallel unconformity, where a layer
of loose sandstone, approximately 25 cm thick, has been found at the
top of the Zhulumute Fm. (e.g., Ma et al., 2011), which indicates that a
depositional loss (i.e., an erosional surface) occurred in Western
Junggar. In the Wulankeshun section, approximately 100 km from the
Bulongguoer section, the lowermost Hongguleleng Fm. was deposited
in a shallow sedimentary environment. Wang et al. (2016) believed
that the latest Frasnian regression may have caused the intermittent
sedimentary discontinuity in this area, although it is still unclear
whether this discontinuity iswidespread inWestern Junggar. According
to the latest data adopted by the International Commission on Stratigra-
phy, the absolute age threshold for the F/F boundary is between 370.6
and 373.8 Ma. More recently, the new radio-isotopic (U–Pb) ages pro-
vided some precision for the placement of the F/F boundary inWestern
Junggar to be within the upper part of Zhulumute Fm. (Zheng et al.,
2020).
6. Conclusion

The newly discovered palynomorphs at the lower member of the
Hongguleleng Fm. can be attributed to the early Famennian. The com-
position of the miospore assemblage corresponding to the eastern
European Corbulispora vimineus–Geminospora vasjamica (VV) and
Cyrtospora cristifer–Diaphanospora zadonica (CZ) miospore biozones is
roughly equivalent to the Pa. crepida conodont Biozone. The elements
of the assemblage may be compared widely with coeval miospore
taxa from eastern Europe, and western Europe. Despite the fact that
themicrofloras are very poorly preserved andmore detailed palynolog-
ical studies are still needed, there is now sufficient evidence, in addition
to the previous biostratigraphy works based on brachiopods and
conodonts, aswell as δ13C geochemical data, to indicate that the earliest
Famennian miospore zone (i.e., the lower part of the VV Biozone, also
12
known as the conodont Pa. triangularis Biozone) is most likely to be
missing from the lower member of the Hongguleleng Fm.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgments

This work was financially supported by the National Natural Science
Foundation of China [grant numbers 41872034, 41702006, 41290260].
P.S. is financed by the National Fund of Scientific Research. The authors
grateful to Dr. Xinsong Zhang (Fuzhou University) for a valuable discus-
sion. Sylvie Regnier (Lille University) helped with sample preparation.
The manuscript greatly benefited from the comments and suggestions
of the editor Michael Stephenson and reviewer Paweł Filipiak (Univer-
sity of Silesia in Katowice, Poland) and another anonymous reviewer.

Appendix A. Alphabetic listing of miospore and phytoplankton spe-
cies, used in the text and explanations of figures

A.1. Miospore taxa

?Acanthotriletes hacquebardii Playford, 1964
Aneurospora greggsii (McGregor) Streel in Becker, Bless, Streel et

Thorez, 1974
Aneurospora spp.
Auroraspora macra Sullivan, 1968
Auroraspora solisortus Hoffmeister, Staplin et Malloy, 1955
Camarazonotriletes sp.
Converrucosisporites curvatus (Naumova) Turnau var. medius, Kedo,

1957
Corbulispora vimineus (Nekriata) Obukhovskaya et Nekriata, 1983
Cymbosporites cf. magnificus (McGregor) McGregor et Camfield,

1982
Dictyotriletes famenensis Naumova, 1953
Diducites poljessica (Kedo) emend. Van Veen, 1981
Geminospora punctata Owens, 1971
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Geminospora vasjamica (Tchibrikova) Obukhovskaya et Nekriata,
1983

Geminospora sp.
Grandispora gracilis (Kedo) Streel in Becker et al., 1974
Knoxisporites dedaleus (Naumova) Streel, 1977
Leotriletes sp.
Lophozonotriletes cf. furssenkoi Nekriata, 1974
Lophozonotriletes lebedianensis Naumova, 1953
Lophozonotriletes sp.
Pustulatisporites pullus (Naumova) Obukhovskaya, 1993
Raistrickia cf. incompleta Lu, 1981
Raistrickia ? multipertica Hoffmeister, Staplin et Malloy, 1955
Retusotriletes sp.
Spelaeotriletes sp.
?Tholisporites sp.

A.2. Phytoplankton taxa

Centrasphaeridium lecythium Wicander et Playford, 1985
Crassiangulina tesselita Jardiné, Combaz, Magloire, Peniguel et

Vachey, 1972
Cymatiosphaera rhodana Wicander et Loeblich, 1977
Daillyidium pentaster (Staplin) Playford and Dring, 1981
Dictyotidium granulatum Playford and Dring, 1981
Divietipellis robustaWicander, 1974
Dorsennidium europaeum (Stockmans et Willière, 1962) Sarjeant

and Stancliffe 1994
Estiastra culcita Wicander, 1974
Gorgonisphaeridium evexispinosumWicander, 1974
Gorgonisphaeridium plerispinosum Wicander, 1974
Leiofusa sp.
Leiosphaeridia sp.
Lophosphaeridium segregum Playford, 1981
Micrhystridium stellatum Deflandre, 1945
Micrhystridium wepionense (Stockmans and Willière) Lu et

Wicander, 1988
Micrhystridium cf. pascheri Stockmans et Willière, 1962
Micrhystridium flexibile Wicander, 1974
Muraticaea enteichiaWicander, 1974
Polyedryxium cf. ambitumWicander et Wood, 1981
Polyedryxium pharaonis (Deunff) Playford, 1977
?Polyedryxium lagoviense Górka, 1974
Pterospermella capitana Wicander, 1974
Solisphaeridium spinoglobosum (Staplin) Wicander, 1974
Unellium winslowiae Rauscher, 1969
Unellium piriforme Rauscher, 1969
Veryhachium lairdi (Deflandre) Deunff, 1959
Veryhachium trispinosum (Eisenack, 1938) Stockmans et Willière,

1962
Veryhachium sp.
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