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A graptolite fauna containing 13 species in seven genera is described from the basal part of the Middle Member of the
Kalpintag Formation, in the Kalpin region of Xinjiang Province, northwestern China. The taxa are Avitograptus sp. aff.
A. avitus (Davies), Hirsutograptus jideliensis (Koren’ & Mikhailova), Korenograptus laciniosus (Churkin & Carter),
K. jerini (Koren’ & Melchin), K. aff. K. magnus (Churkin & Carter), Metabolograptus wangjiawanensis (Mu & Lin),
M. parvulus (Lapworth), Normalograptus ajjeri (Legrand), N. angustus (Perner), N. mirnyensis (Obut & Sobolevskaya),
Paramplexograptus madernii (Koren’ & Mikhailova), Par.? sp., and Persculptograptus sp. Approximately half of the
species described have not been previously recorded from the Kalpin region. An early Silurian (Rhuddanian) age is indi-
cated by H. jideliensis and K. jerini. The graptolite fauna recovered from the four sections in the Kalpin region shares nu-
merous common species with faunas from the Yangtze region of China and from southern Kazakhstan. « Key words:
Graptoloidea, earliest Silurian, Xinjiang Province, China.
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The latest Ordovician to earliest Silurian interval, during
which significant geological and biological events occur-
red, was the focus of much research attention during the la-
ter part of the last century (e.g. Melott & Thomas 2009,
Harper et al. 2013, Baarli 2014). Because of their use in
biostratigraphy, graptolites from strata near the Ordovic-
ian—Silurian boundary have been well studied from many
localities worldwide. In China, particularly in South China,
much research effort was put towards determining the pre-
cise location of the Ordovician—Silurian boundary and de-
fining the graptolite biostratigraphy, resulting in the recog-
nition of regional graptolite biozones and allowing global
biostratigraphical correlation (Chen et al. 2000a, 2005; Fan
et al. 2011). Moreover, studies of graptolite diversity from
South China have clearly revealed the stepwise pattern of
the Late Ordovician—early Silurian extinction-recovery
event (Fan & Chen 2007). More recently, Ordovician and
Silurian graptolite biostratigraphy and geography have
been used to analyze the temporal and spatial distributions
of black shales, which are the main shale gas source beds in
South China (Fan et al. 2011).
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In regions outside South China, such as the Tarim re-
gion of western China, due to difficulty in gaining access to
the area, graptolites from the Ordovician—Silurian bound-
ary have rarely been collected and are not yet well under-
stood. Studies of graptolites from the Kalpin area in the
Tarim region of western Xinjiang were first conducted in
the 1960s (e.g., Mu et al. 1960). Since then, detailed sys-
tematic and stratigraphic studies have been carried out
(Chen et al. 2000b), resulting in the Dawangou section near
Kalpin being confirmed as a global auxiliary stratotype
section of the Upper Ordovician (Chen & Wang 2003).
Most of these studies focused on graptolites from the Up-
per Ordovician Qilang and Yingan formations, while little
attention has been paid to graptolites from the Kalpintag
Formation, in which the Ordovician-Silurian boundary
was thought to be located. In the Kalpin area, graptolites
including Climacograptus alternis Packham, 1962,
Glyptograptus elegans Packham, 1962, G. incertus Elles &
Wood, 1907, G. tamariscus (Nicholson, 1868), G. tang-
shanensis (Hsii, 1934), and G. sinuatus (Nicholson, 1869)
were recorded by Zhou et al. (1991). This species association
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Figure 1. A — geological setting of the Kalpin region, modified after Feng er al. (2007) and Chen er al. (2000). * B —locality map of the Kalpin region,
Northern Tarim depression, northwest China. Section numbers represent: 1 — Tierekeawati section; 2 — Dawangou East section; 3 — Sishichang section;
4 — Dawangou section. The approximate location of the four sections depicted in box in Fig. 1A is indicated by the box northeast of Kalpin in Fig. 1B.

indicated an early Silurian age. Subsequently, graptolites
were recorded from bore cores in the Kalpintag Formation
by Zhan (1996, 1997), which greatly improved the
knowledge of early Silurian graptolites from this region.
No systematic stratigraphic work was carried out until
1997, when Ni & Chen (1997) reported graptolites from
boreholes in the northern Tarim Basin. The horizon that
yielded species including Glyptograptus elegans, G. in-
certus, G. enodus Packham, 1962 and Normalograptus
tangshanensis linearis (Packham, 1962) was considered to
be equivalent to the Middle Member of the Kalpintag For-
mation. The most recent graptolite research in this area
was carried out by Jiang et al. (2006). They undertook
continuous collecting of graptolites in the basal part of the
Middle Member of the Kalpintag Formation. Recovery of
Normalograptus, Paraclimacograptus, Rhaphidograptus
and Rivagraptus indicated that the basal part of the Mid-
dle Member of the Kalpintag Formation is probably latest
Rhuddanian to earliest Aeronian in age. Thus, Jiang et al.
(2006) tentatively suggested that the Ordovician—Silurian
boundary lies in the basal part of the Middle Member or in
the upper part of the Lower Member of the Kalpintag For-
mation. However, because no systematic illustrations and
descriptions were provided in their study, and no impor-
tant and characteristic graptolite taxa that can definitely
establish the age were recovered, the association of early
Silurian graptolites from this bed is still not well under-
stood.

By checking the specimens collected by Jiang et al.
(2006), together with new collections from the basal part
of the Middle Member of the Kalpintag Formation in
three other sections in the Kalpin area, this study revises
some of the taxonomic assessments of Jiang et al. (2006),
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but confirms the presence of Korenograptus laciniosus
(Churkin & Carter, 1970). In new collections made in
2012, characteristic early Silurian (Ruddanian) species
including Korenograptus jerini (Koren’” & Melchin,
2000) and Hirsutograptus jideliensis (Koren’ & Mi-
khaylova in Koren’ et al., 1980) were found. The aim of
this study is to provide a detailed systematic and
biostratigraphic study of these earliest Silurian graptolites
from the Kalpin region, Tarim area. In addition, we pro-
vide important biostratigraphical evidence that will help
to locate the position of the Ordovician—Silurian bound-
ary in this area of northwestern China.

Geological setting and material

From southeast to northwest, four tectonic units form the
Northwestern Tarim palaeoplate: the Tarim platform, the
northern Tarim depression, the northern Tarim uplift, and
the southern Tian Shan mobile belt (Chen et al. 1995, Feng
et al. 2007; Fig. 1A). The Kalpin region is located at the
northern edge of the northern Tarim depression, on the
southwestern flank of the Tian Shan mountain range
(Fig. 1A).

All of the specimens from the four sections were col-
lected from the basal part of the Middle Member of the
Kalpintag Formation. The interval is characterized by thin-
and medium-bedded, greyish-green, arenaceous mud-
stones with an overall thickness of 0.5-1.5 m. The Middle
Member of the Kalpintag Formation in the Kalpin area is
60—160 m thick (Fig. 2).

The specimens described herein were collected on two
separate occasions. The major portion of the material was
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Table 1. Distribution of graptolite species in the four studied sections in the Middle Member of the Kalpintag Formation in the Tarim region. Note:
* present; — absent. XKDE section: Dawangou East section; XAS section: Sishichang section; XAT section: Tierekeawati section; XKD: Dawangou sec-

tion.

Species XKDE section  XAS section XKD section ~ XAT section
Avitograptus sp. aff. A. avitus (Davies, 1929) * - ® _
Hirsutograptus jideliensis (Koren” & Mikhailova in Koren’ et al., 1980) - - * *
Korenograptus laciniosus (Churkin & Carter, 1970) * - ® _
Korenograptus aff. K. magnus (Churkin & Carter, 1970) - * - _
Korenograptus jerini (Koren’ & Melchin, 2000) * * - *
Metabolograptus wangjiawanensis (Mu & Lin, 1984) * * - _
Metabolograptus parvulus (Lapworth, 1900) #* — ® *
Normalograptus ajjeri (Legrand, 1977) * — _ *
Normalograptus angustus (Perner, 1895) - - _ *
Normalograptus mirnyensis (Obut & Sobolevskaya in Obut et al., 1967) - * * *
Paramplexograptus madernii (Koren’ & Mikhailova in Koren’ et al., 1980) * - * —
Paramplexograptus? sp. #* * _ *
* * ®

Persculptograptus sp.

collected during September 2012 from three localities in
Xinjiang Province, northwest China: the Tierekeawati sec-
tion, near the village of the same name in the Kalpin area
(GPS co-ordinates N 40° 43 10.85", E 79° 03" 54.42%);
the Dawangou East section, near Yingan village, Aksu area
(GPS co-ordinates N 40° 42” 41.47, E79° 33" 64.2); and
the Sishichang section in the Aksu area (GPS co-ordinates
N 40° 50 17.67, E 79° 50" 09.4”). A small number of
specimens were collected and reported on by Jiang et al.
(2006). These were from the Middle Member of the
Kalpintag Formation in the well-known Dawangou section
(GPS coordinates N 40° 42° 46.65", E 79° 32" 29.71")
(Fig. 1B). Other fossils recorded from these sections are
brachiopods, acritarchs, chitinozoans, fish, and conulariids
(Zhou 2001).

Results

Although a considerable portion of the graptolites are broken
or poorly preserved, most are moderately to well preserved
in partial to full relief. The occurrences of species in each
section are listed in Table 1.

In contrast to the normalograpid (N) fauna, which is
characterized by high specific and low generic diversity
during the late Hirnantian in the Yangtze region, South
China, the graptolite fauna described herein contains 13
graptolite species attributed to seven genera (Table 1). The
abundance of each species differs greatly; some species,
e.g. Korenograptus laciniosus, Hirsutograptus jideliensis,
Normalograptus ajjeri, N. mirnyensis, Persculptograptus
sp., and Metabolograptus parvulus, are numerically abun-
dant, while others, e.g. Korenograptus jerini and
Normalograptus angustus, have low abundance.

Discussion

The precise position of the Ordovician—Silurian boundary
remains unknown in the northern Tarim region due to the
lack of correlatable faunas from the Persculptograptus
persculptus and Akidograptus ascensus—Parakidograp-
tus acuminatus biozones. Before the 1990s, the Yingan
Formation was regarded as being of latest Ordovician
age, and was suggested to have a disconformable contact
with the overlying Kalpintag Formation. A small hiatus
could be present between the Yingan and Kalpintag for-
mations. The latter was thought to be Silurian in age
(Zhou et al. 1991). The Kalpintag Formation can be divi-
ded into Lower, Middle, and Upper members. Based on
evidence from graptolites, trilobites, and chitinozoans,
Zhou (2001) proposed that the Kalpintag Formation has
an age range of “Ashgill” (Late Ordovician) to Aeronian
(early Silurian), and the position of the Ordovician—Silur-
ian boundary in the northern Tarim region may be between
the Lower and Middle members of the Kalpintag Forma-
tion. Geochemical studies conducted on the argillaceous
carbonate rocks in the basal part of the Middle Member
of the Kalpintag Formation showed abnormal geochemi-
cal patterns, including those for CaO, Sr, Ce/La,
Ni, and Cu. Combined with biostratigraphical evidence,
Jiang et al. (2001) proposed that the O—S boundary is lo-
cated in the argillaceous carbonate rocks. However, their
fossil evidence was somewhat weak due to poor preserva-
tion. Based on graptolite records, Jiang et al. (2006) pro-
posed that the basal part of the Middle Member of the Kal-
pintag Formation is probably latest Rhuddanian to earliest
Aeronian in age. However, in the present study, graptolite
species such as Korenograptus jerini and Hirsutograptus
Jjideliensis were identified from nearby sections, indicating
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Figure 2. The position of the Ordovician—Silurian boundary (dotted line) in the northern Tarim region in previous literature and this study. The strati-
graphical column was measured in the Dawangou section by Jiang ez al. (2006). The stratigraphical columns of the other three sections are similar to that
of the Dawangou section, and differ only in the thickness of each rock type. Symbols represent: 1 — argillaceous dolomite; 2 — lime-dolomite;
3 — dolomitic mudstone; 4 — mudstone; 5 — siltstone; 6 — sandstone. The star indicates the graptolite-bearing beds.

a probably different, earlier age for the basal part of the
Middle Member of the Kalpintag Formation.

The graptolite fauna described herein contains several
species, and can be divided into two groups. One group
consists of species that have only been reported from lower
Silurian rocks and have a short stratigraphical range; the
second group contains species that have been reported
from late Ordovician to lower Silurian strata.

The first group contains Hirsutograptus jideliensis and
Korenograptus jerini (originally “Glyptograptus jerini”
Koren’ & Melchin, 2000). Hirsutograptus jideliensis was
first reported from the Pk. acuminatus Biozone of
Kazakhstan (Koren’ & Mikhailova in Koren’ et al., 1980).
Later the species was collected from the Kurama Ridge in
eastern Uzbekistan, in the Normalograptus lubricus,
Akidograptus cuneatus, and Hirsutograptus sinitzini
subzones of the Ak. ascensus—Pk. acuminatus Biozone)
(Koren” & Melchin 2000). Korenograptus jerini was first
reported from the Ak. cuneatus and H. sinitzini subzones
(Ak. ascensus—Pk. acuminatus Biozone) of the Kurama
Ridge, eastern Uzbekistan (Koren” & Melchin 2000).

The second group, of longer-ranging species, includes
Avitograptus sp. aff. A. avitus (Davies, 1929), Norma-
lograptus ajjeri, N. angustus, N. mirnyensis, Metabolo-
graptus wangjiawanensis, M. parvulus, and Param-
plexograptus madernii. Loydell (2007) suggested that
many previous records of N. normalis could be considered
to be N. ajjeri. Thus, N. ajjeri clearly has a long strati-
graphical range, from the Hirnantian to the lower Aeronian
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(Loydell 2007). Normalograptus angustus has an even
longer stratigraphical range, from the Pleurograptus
linearis Biozone (Skoglund 1963), through the Hirnantian
(Chen et al. 2005) and into the Coronograptus cyphus
Biozone of the Rhuddanian (Rickards 1970, Hutt 1974).
Normalograptus mirnyensis ranges from the M. extra-
ordinarius Biozone through to the P. persculptus Biozone
in South China (Chen et al. 2005). In eastern Uzbekistan,
the species is found in the N. lubricus, A. cuneatus, and
H. sinitzini subzones (Ak. ascensus—Pk. acuminatus Bio-
zone; Koren” & Melchin 2000). The range of Meta-
bolograptus wangjiawanensis extends from the P. per-
sculptus Biozone through to the lower part of the
Akidograptus ascensus Biozone in South China (Chen et
al. 2005). In Arctic Canada, this species has been recorded
from the P. persculptus Biozone (Melchin er al. 1991).
Paramplexograptus madernii was first reported in
Kazakhstan from the Pk. acuminatus Biozone (Koren’ &
Mikhailova in Koren’ et al., 1980), and was recently re-
ported in the Pk. acuminatus Biozone? of Cape Manning,
Nunavut, Canada (Melchin & Holmden 2006, Melchin et
al. 2011). “Normalograptus sp. aff. N. indivisus (Davies,
1929)”, identified by Chen er al. (2005), is regarded as
Paramplexograptus madernii in this study; thus, the range
of this species now extends to the Ordovician P. per-
sculptus Biozone. Avitograptus avitus was reported from
the P. persculptus to the Pk. acuminatus biozones in Scot-
land, Scandinavia, and South China (Davies 1929, Wil-
liams 1983, Chen et al. 2005, Maletz et al. 2014); in
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southwestern Sweden it ranges through the A. avitus s.s.
fauna, with a post-P. persculptus and pre-A. ascensus age
(Koren’ et al. 2003, Maletz et al. 2014). Metabolograptus
parvulus is confined to the Ordovician P. persculptus
Biozone and the lower part of the Silurian Pk. acuminatus
Biozone in Great Britain (Williams 1983, Zalasiewicz &
Tunnicliff 1994). In Arctic Canada and South China, it
has been recorded only from the upper part of the
P. persculptus Biozone (Melchin ef al. 1991, Chen et al.
2005). In Jordan, this species ranges through to the top of
the Ak. ascensus—Pk. acuminatus Biozone and possibly
into the succeeding Cystograptus vesiculosus Biozone
(Loydell 2007). Thus, its overall range appears to be
P. persculptus to at least upper Ak. ascensus—Pk. acu-
minatus biozones.

The graptolite assemblages described herein lacks
akidograptids, thus making it difficult to recognize the
lower boundary of the Silurian. Such an assemblage by no
means unique, e.g. in Arctic Canada, the Algerian Sahara,
South Kazakhstan, and the Kurama Range of Uzbekistan,
a lowermost Ruddanian diplograptid fauna lacking akido-
graptids is frequently observed (Melchin 1998, Koren” &
Melchin 2000). Koren’ et al. (2003) called these assem-
blages the “post-persculptus diplograptid fauna”. Envi-
ronmental conditions are suggested to be responsible for
the absence of akidograptids in these graptolite associa-
tions. Despite the lack of akidograptids that can be used to
identify the base of the Silurian definitively, the present
graptolite fauna contains species that are certainly of ear-
liest Silurian age, and has no species that occur only in up-
permost Ordovician strata, indicating that the basal part of
the Middle Member of the Kalpintag Formation in the
Kalpin region is most likely to be Rhuddanian in age
(from the Ak. ascensus Biozone to the Pk. acuminatus
Biozone). Our graptolite results indicate that the Ordovi-
cian-Silurian boundary is situated below the
graptolite-bearing beds.

Fossils found in the studied sections together with the
graptolites are brachiopods, acritarchs, chitinozoans, fish,
and conulariids (Zhou 2001). The similarities of the
palynomorphs and fish from Tarim to those from the South
China palaeoplate indicate that the two palacoplates were
quite close to each other and possibly located within the
same palaeoclimaticl zone, the tropical zone near the
palaeoequator (Fortey et al. 2003, Zhao et al. 2009, Wang
2010). Recent palaeomagnetic research also indicates that
the Tarim palaeoplate, on the whole, showed a drift path
from high northern to southern latitudes, and rapidly re-
turned to northern latitudes during the Neoproterozoic to
early Palaeozoic (Wang er al. 2013). During the latest Or-
dovician to Silurian interval, the Tarim basin was charac-
terized by rapid deposition in a nearshore environment.
This shallow-water environment is indicated by the pres-
ence of the Eospirifer sinensis—Levenea cf. gianbeiensis

brachiopod assemblage in the Kalpintag Formation (Zhou
2001). In contrast to the South China paleoplate, which was
in a deep-water environment and contained diverse grapto-
lite taxa during the latest Ordovician to early Silurian, the
shallow-water, rapid-deposition environment of the Tarim
basin was not a favourable setting for graptolites after the
Hirnantian extinction event. Thus, a relatively
low-diversity graptolite fauna was recovered from this
short interval. However, all of the reported species in the
Tarim region are also known from South China. Therefore,
the graptolite evidence is additional confirmation that the
Tarim plate and South China may have been in the same
palaeoclimatic zone.

Systematic palaeontology

Measurement of characters of graptolite rhabdosomes was
carried out following Storch et al. (2011, fig. 13). Asto-
genetic patterns (e.g., Patterns H and I) follow the descrip-
tions of Mitchell (1987), Melchin & Mitchell (1991) and
Melchin (1998). Open nomenclature and synonymy lists
are based on Bengtson (1988) and Matthews (1973). All
specimens are from the lowermost strata in the Middle
Member of the Kalpintag Formation and are permanently
deposited in the Laboratory of Palaecontology, Nanjing
University.

Class Pterobranchia Lankester, 1877

Subclass Graptolithina Bronn, 1849

Infraclass Eugraptolithina Mitchell, Melchin, Cameron &
Maletz, 2013

Division Graptoloida Lapworth, 1875,

emend. Mitchell, Melchin, Cameron & Maletz, 2013
Suborder Axonophora Frech, 1897

Infraorder Neograptina Storch, Mitchell, Finney &
Melchin, 2011

Superfamily Monograptoidea Lapworth, 1873, emend.
Melchin et al., 2011

Paraphyletic family Dimorphograptidae Elles &
Wood, 1908, emend. Melchin et al., 2011

Genus Avitograptus Melchin et al., 2011
Type species. — Glyptograptus (?) avitus Davies, 1929.

Diagnosis. — Species with Pattern J rhabdosomes, th1' up-
turned at level of sicular aperture, th1? arises from a point
low within the upward-grown portion of th1', geniculate,
slightly to moderately inclined thecae, slightly elongated
first thecal pair relative to subsequent thecae, full median
septum (Melchin et al. 2011).
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Avitograptus sp. aff. A. avitus (Davies, 1929)
Figures 3A, D, 7A

aff. ¥1929 Glyptograptus? avitus Davies, p. 8, fig. 21.
2005 Normalograptus avitus (Davies). — Chen et al.,
p-255,pl. 1, fig. 11; pl. 2, fig. 9; text-figs 7D, G, J-L.

Material. — Nine specimens: four from the Dawangou East
section and five from the Dawangou section.

Description. — Rhabdosome up to 14 mm long, widening
from 0.8-0.9 mm at the first thecal pair to the maximum
width of 1.6-1.7 mm distally. The 2TRD is 1.55-1.9 mm
atth2', 1.6 mm distally. The sicula bears a long and robust
virgella that can reach a length of more than 5.5 mm. The-
cae are glyptograptid in shape: the supragenicular walls
are straight and slightly inclined to the rhabdosome axis,
the genicula are rounded. Apertures are horizontal to
slightly concave. Thl' is elongated, turns upward
0.15-0.2 mm below the sicular aperture and its
upward-growing portion is 0.9—1.1 mm long. Th1? cros-
ses the sicula diagonally, leaving the dorsal side of the
sicula exposed for ca 0.4-0.55 mm. Median septum is
complete.

Discussion. — Species included in Avitograptus are consi-
dered to have two important characters: first, elongation
of the first thecal pair relative to the following thecae and,
second, turning upward of the first theca at the sicular
aperture. However, the second character is not an entirely
consistent feature in the topotype collections, as sugges-
ted by Melchin ef al. (2011). The present specimens are
characterized by their elongate first two thecae, the large
exposure of the antivirgellar wall under th1% and a long
and robust virgella. Compared with the holotype of A. avi-
tus illustrated by Williams (1983) and a mature topotype
specimen illustrated by Melchin et al. (2011, fig. 6B)
from the Dob’s Linn section, the present specimens differ
greatly in having a greater maximum width, larger apertu-
ral excavations, and by widening much more rapidly
(Fig. 7A).

Stratigraphical range. — In South China, this taxon is
known from the P. persculptus to the Pk. acuminatus bio-
zones (Chen et al. 2005).

Superfamily Retiolitoidea Lapworth, 1873, emend.
Melchin et al., 2011
Paraphyletic family Neodiplograptidae Melchin ez al., 2011

Genus Korenograptus Melchin et al., 2011

Type species. — Glyptograptus gnomus Churkin & Carter,
1970.

Diagnosis. — Pattern H or H” rhabdosome with glyptograp-
tid to orthograptid thecae throughout, with no thickening of
the genicula; rhabdosome widens gradually from the proxi-
mal end (Melchin et al. 2011).

Korenograptus laciniosus (Churkin & Carter, 1970)
Figure 6D

*1970 Glyptograptus laciniosus Churkin & Carter;
pp. 2627, text-fig. 11D; pl. 2, figs 17, 18.

v. 2005 Normalograptus laciniosus Churkin & Carter. —
Chen et al., pp. 259-260, pl. 1, figs 3, 5, 6;
text-fig. 8K [see for synonymy list].

?2005 Normalograptus laciniosus Churkin & Carter. —
Chen et al., pp. 259-260, text-figs 7E, 8A, P, V, X, Z.

2006 Normalograptus laciniosus Churkin & Carter. —
Chen et al., text-fig. 9-31, 32.

2007 Normalograptus laciniosus Churkin & Carter. —
Chen et al., text-fig. 3Z; text-fig. 4M.

2011 Korenograptus laciniosus (Churkin & Carter). —
Melchin et al., p. 301.

Material. — Twenty-five specimens: six from the Dawan-
gou section, the others from the Dawangou East section.

Description. — Rhabdosome up to 15.4 mm long, widening
from 0.8-0.9 mm at the first thecal pair to the maximum
width of 1.2—-1.5 mm distally. 2TRD is 1.3—1.7 mm at th2!,
1.4-1.6 mm distally. Thecae are glyptograptid with flow-
ing genicula. The apertures are horizontal. Th1' turns up-
ward slightly below the sicular aperture with an
upward-growing portion 0.8-0.9 mm long. Th1? crosses
the sicula diagonally, leaving the dorsal side of the sicula
exposed for ca 0.4-0.55 mm. The median septum is full,
originating at least at the second thecal pair.

Figure 3. A, D — Avitograptus sp. aff. A. avitus (Davies, 1929); A — XKDE2-0.3-19; D — KD-HB-48-07. ¢ B, G - Hirsutograptus
Jjideliensis (Koren’ & Mikhaylova in Koren’ et al., 1980); B— XKT1-75-3; G- XKT1-57-1. ¢ I, K— Korenograptus aff. K. magnus (Churkin & Carter,
1970); 1—-XAS50-20; K — XAS50-56.<E, F,J,L, M, O, R, T — Metabolograptus parvulus (H. Lapworth, 1900); E — XKT1-42-1; F — XKT1-28-1;
J—-DMK2-1.1-2; L — KD-hb-48-10; M — XKDE 2-66; O — XKT1-37; R - XKT1-41-1; T, XKT1-33-1a); C, H, N, P, Q, U, V — Persculptograptus sp.;
C — XKT1-7-4; H — XAS50-14; N — XKT1-76-1; Q — XAS50-44d; U — XAS50-31; V — XAS50-17; P — XKT1-68. ¢ S — Normalograptus angustus
(Perner, 1895); XKT1-60. All scale bars represent I mm. A, C, D, E, F, H,J, M, N, P-V, magnification x 10; B, G, L, O, magnification x 8; I, K, magni-

fication x 6.
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Discussion. — The present specimens resemble the type
material in size and show the characteristic thecal shape.
The specimens described herein differ from those reported
from the Yangtze region by Chen et al. (2005) in having a
narrower rhabdosome width and a slightly tapering proxi-
mal end.

Stratigraphical range. — In Alaska, this species occurs
from the Pk. acuminatus to the C. gregarius biozones
(Churkin & Carter 1970); it has been recorded from the up-
per D. mirus Biozone to Ak. ascensus biozones in the Yang-
tze region in China (Chen et al. 2005).

Korenograptus aff. K. magnus (Churkin & Carter,
1970)
Figure 31, K

aff.*1970 Glyptograptus tamariscus magnus Churkin & Car-
ter; pp. 26-27, text-fig. 11D; pl. 2, figs 17, 18.
non 1984 Glyptograptus tamariscus magnus Churkin & Car-
ter. —Lin & Chen, p. 211, pl. 1, fig. 7; pl. 2, figs 1-7.
1990 Glyptograptus rigidus Fang et al., pp. 60-61, pl. 9,
figs 9, 12.

Material. — Three specimens from the Sishichang section.

Description. — Rhabdosome up to 20 mm long, widening
from 0.60-0.80 mm at the first thecal pair to a maximum
width of 1.6-1.8 mm distally. The 2TRD is 1.6-1.7 mm at
th2!, 1.7-1.9 mm distally. Thecae vary throughout the
rhabdosome: the sigmoidal curvature is strong proximally
but decreases distally, with rounded, flowing genicula. The
excavations become longer and more open while the geni-
cular wall becomes relatively short in length distally. The
apertures are horizontal. Th1' turns upward slightly below
the sicular aperture with an upward-grown portion
0.9-0.95 mm long. The sicula is exposed for ca
0.35-0.45 mm below th1°. The virgella is stout and reaches
alength of 3.8 mm. There is a full median septum, originat-
ing at least at the second thecal pair.

Discussion. — These specimens have long and smoothly ta-
pering rhabdosomes that resemble the type material in ove-
rall shape. Th1' turns upward slightly below the sicular

aperture in the present specimens, recalling the transmitted
infrared microscopy image of K. magnus provided by Mel-
chin et al. (2011, fig. 5I), which showed a downward-
grown thl! terminating in two foramina. However, our
material differs from the types in having a tapering, less
elongate proximal end and a lesser rhabdosome width. The
Tarim specimens differ from those from Cape Manning,
Nunavut, Canada illustrated by Melchin ez al. (2011) in hav-
ing a sharper geniculum on the proximal thecae and shorter
supragenicular walls. Another species, Korenograptus?
praecursor (Koren” & Rickards 2004), only questionably
assigned to Korenograptus by Melchin et al. (2011), has
relatively sharp genicula and slight genicular thickenings.
The Tarim specimens differ from that species in having a
greater maximum width.

Stratigraphical range. —In Alaska, K. magnus occurs in the
Co. cyphus Biozone (Churkin & Carter 1970). G. rigidus has
been reported from the Cy. vesiculosus to Co. cyphus biozo-
nes of Jiangxi Province, south China by Fang et al. (1990).

Korenograptus jerini (Koren’ & Melchin, 2000)
Figures 4K, T, W, Y, 7K

*2000 “Glyptograptus” jerini Koren’ & Melchin, p. 1107,
text-figs 9.7, 9.8, 9.20, 11.4-11.6.
2007 Normalograptus jerini (Koren’ & Melchin). — Chen
et al., pp. 80, 81, text-fig. 3S, text-fig. 4H.

Material. — Twenty-nine specimens: three from the Sishi-
chang section, 15 from the Tierekeawati section, and 11
from the Dawangou East section.

Description. — Rhabdosome up to 12.82 mm long. It wi-
dens from 0.7-0.85 mm at the first thecal pair to a maxi-
mum width of 1.0-1.25 mm distally. The 2TRD is
1.3-1.4 mm at th2', 1.5-1.7 mm distally. Thecae are bi-
form: climacograptid thecae with distinct genicula are pre-
sent proximally, becoming glyptograptid thecae with flo-
wing genicula distally. The apertures are horizontal. Sicula
is 1.5-1.75 mm long. Th1' first grows downward and then
turns upward 0.1-0.15 mm below the sicular aperture, with
an upward-growing portion 0.85-0.90 mm long. Th1?
crosses the sicula diagonally, leaving the dorsal side of

Figure 4. B, C, D, F, O — Normalograptus ajjeri (Legrand, 1977); B — XKDE2-62; C — XKT1-23-1; D - XKT1-17; F - XKT1-33-2a; O — XKT1-14-2).
*AE,G,H,J, L, M, R, X — Normalograptus mirnyensis (Obut & Sobolevskaya in Obut et al., 1967); A — XAS50-57; E — XKT1-51-1; G - XKT1-1;
H - XKT1-13-2; J - XKT1-19-3; L — XKT1-10-2; M — XKT 1-49a; R — XKT1-9; X — DKM2-0.5-36. * I — Normalograptus angustus (Perner, 1895);
XKTI-58. * K, T, W, Y — Korenograptus jerini (Koren’ & Melchin, 2000); K — XKT1-7-1; T — XKDE2-2a-1; W — XKT1-66-2; Y — XKT1-7-3.
*N, P, Q, S, U, V — Metabolograptus wangjiawanensis (Mu & Lin, 1984); N — XAS50-35; P — XAS50-22; Q — XKDE2-28a-1; S — XAS50-46a-2;
U-XAS50-1b; V—-XAS50-27c. All scale bars represent | mm. A, B, D, E, G, H,1,J, M, O, Q, R, magnification x 10; C, F, K, L, N, P, T-Y, magnification

% 8; S, magnification x 6.
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Table 2. Morphometric details of Metabolograptus parvulus from the Tarim Region and comparative regions. *DVW: dorso-ventral width.

Species Locality Reference DVWihi D\?\i,;t/?}m tﬁ?}fﬂ?ﬂ tﬁ;ﬁ?ﬂ 2TR§Z%?TIRD
N. parvulus Type locality: Rhayader district, Lapworth (1900) 0.8-0.9 11-15 14 1.5-17 15-18
Wales, UK

N. parvulus Anticosti, Canada Melchin (2008) 0.9 1.5 1.3 1.6 1.7

N. parvulus Jordan Loydell (2007) 0.7-1.0 1.25-1.7 1.15-1.65 1.25-1.8 1.45-1.7
M. parvulus Tarim, China This paper 0.7-0.9 1.0-1.4 1.3-1.5 1.3-14 1.4-1.7
N. aff. N. parvulus  Wales, UK Blackett et al. (2008) 0.6-1.0 0.9-1.2 1.5-2.2 1.72.4 1.9

N. cf. parvulus Wales, UK Blackett et al. (2008) 0.7-1.0 0.9-1.8 1.1-1.6 1.4-1.8 1.5-1.9
N. parvulus Yangtze Region, South China ~ Chen et al. (2005) 0.95-1.15 1.4-1.7 1.35-1.7 1.6-1.9
N. parvulus Illinois and Iowa, USA Loydell et al. (2002) 0.8-0.95 1.25-1.75 1.15-1.6  1.4-1.55 1.5-1.75

the sicula exposed for ca 0.3—0.4 mm. The median septum
can be observed to originate at the third thecal pair.

Discussion. — The present specimens show typical glyptog-
raptid thecae distally combined with normalograptid Pat-
tern H early astogeny. Korenograptus jerini shows great si-
milarity to N. elegantulus (Mu & Ni, 1983), which also
possesses biform thecae, but differs from the latter in hav-
ing a narrower rhabdosome and more densely spaced the-
cae. When compared with the type material from the Uru-
bulak Formation of Uzbekistan, the median septum
appears to originate closer to the proximal end in the pre-
sent specimens.

Stratigraphical range. — Korenograptus jerini is recorded
from the A. cuneatus and H. sinitzini subzones (Ak. ascen-
sus—Pk. acuminatus Biozone) in the Kurama Range, Eastern
Uzbekistan (Koren” & Melchin 2000) and the Ak. ascensus
Biozone of northwestern Zhejiang, China (Chen et al. 2007).

Genus Metabolograptus Obut & Sennikov, 1985,
emend. Melchin et al., 2011

Type species. — Diplograptus modestus sibericus Obut,
1955.

Diagnosis. — The partial clade that includes Pattern H spe-
cies with sharp to bluntly rounded genicula, a gently sinu-
ous median septum proximally, sinuous interthecal septa,
subapertural walls parallel to moderately inclined (Mel-
chin et al. 2011).

Discussion. — Metabolograptus was erected by Obut &
Sennikov (1985) with Metabolograptus sibericus as the
type species. This genus contains Hirnantian—early Silur-
ian graptolite species with biform thecae. The thecae un-
dergo a transition from climacograptid type proximally to
glyptograptid type distally. The assignment of M. extraor-
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dinarius, M. parvulus, and M. ojsuensis to Metabolograp-
tus is becoming widely accepted (e.g., Storch & Schonlaub
2012, Cooper et al. 2014, Maletz 2014, Kraft et al. 2015).

Metabolograptus parvulus (Lapworth, 1900)
Figures 3E,F,J, L, M, O, R, T, 7J, 8B, E, F

* 1900 Climacograptus parvulus H. Lapworth, p. 132,
fig. 20a—c.
p. 71986 Glyptograptus persculptus group; Berry, p. 140,
fig. 5h-i? [non fig. 5g, j].

1991 Glyptograptus cf. G. persculptus (Williams). — Mel-
chin et al., p. 1856.

2006 Normalograptus parvulus (H. Lapworth). — Chen et
al., p. 190, text-figs 9, 11.

2007 Normalograptus parvulus (H. Lapworth). — Loydell,
pl. 2, figs 5, 9; text-figs 181, J, L, M, O [see for syno-
nymy list].

2008 Normalograptus parvulus (H. Lapworth). — Mel-
chin, pp. 157, 158, 159, 160, text-figs 4A, B.

72008 Normalograptus cf. N. parvulus (H. Lapworth). —
Melchin, p. 157, text-fig. 2B.

2008 Normalograptus parvulus (H. Lapworth). — Blackett

et al., p. 89, text-fig. 5Q.

aff. 2008 Normalograptus? aff. parvulus (H. Lapworth). —
Blackett et al., p. 89, text-figs SF-M.

cf. 2008 Normalograptus? cf. parvulus (H. Lapworth). —
Blackett et al., p. 89, text-fig. SN.

2011 Metabolograptus parvulus (H. Lapworth). — Mel-
chin et al., p. 296.

Material and stratigraphical range. — Eighteen specimens:
12 from the Tierekeawati section, four from the Dawangou
section and two from the Dawangou East section.

Description. — The rhabdosome widens from 0.7-0.9 mm
at the first thecal pair to the maximum width of 1.0-1.4 mm
distally. The thecae have sharp, non-hooded genicula. The
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supragenicular walls are straight and with a slight inclina-
tion. The 2TRD is 1.3-1.5 mm at the proximal end,
1.4-1.7 mm distally. Th1' first grows downward and then
turns upward just below the sicular aperture. The
upward-growing portion of theca 1' is 0.8-1.0 mm long.
Th1? crosses the sicula almost immediately above the sicu-
lar aperture, leaving little exposure of the sicular wall be-
low th1% Some specimens show an undulose median sep-
tum that originates as early as the first thecal pair.
Relatively long, undulose interthecal septa can be observed
clearly near the proximal end.

Discussion. — Metabolograptus parvulus is characterized
by its close thecal spacing, undulose median septum, sinu-
ous interthecal septa, and relatively short thecal suprageni-
cular walls. It is frequently associated with Persculptograp-
tus persculptus, and differs from the latter in having more
densely spaced thecae and a lesser maximum rhabdosome
width. M. parvulus can be distinguished from Avitograptus
sp. aff. A. avitus from Tarim by the significantly elongated
proximal thecae of the latter.

The present specimens of M. parvulus match well those
reported from central Wales by Zalasiewicz & Tunnicliff
(1994) and Blackett ez al. (2008), and from Anticosti Island
(first by Riva (1988) as N. angustus; later, Zalaziewicz &
Tunnicliff (1994), Chen et al. (2005), Loydell (2007), and
Melchin (2008) considered some of the Anticosti speci-
mens to be M. parvulus). Flattened specimens of M. par-
vulus from the Yangtze Region, China (Chen et al. 2005)
show little exposure of the sicular wall below th1? and a
greater rhabdosome width than the present specimens. Iso-
lated specimens from lowa, USA, illustrated by Loydell ef
al. (2002) show an inclined supergenicular wall and intro-
verted apertural margins, which were also observed in this
study. Melchin (2008) distinguished two species,
Metabolograptus parvulus and Normalograptus cf. N. par-
vulus, when he re-examined the collections of Riva (1988)
together with new specimens. The latter material was left
in open nomenclature because of the sub-parallel-sided na-
ture of the rhabdosome. Blackett et al. (2008) illustrated
graptolites from two sites in central Wales. They distin-
guished two morphological types: N.? aff. parvulus with
noticably greater 2TRD and N.? cf. parvulus with sub-par-
allel-sided rhabdosomes and a slightly larger size.

Stratigraphical range. — M. parvulus is restricted to the
P. persculptus to lower Pk. acuminatus biozones in central
Wales and southern Scotland (Williams 1983, Zalasiewicz
& Tunnicliff 1994, Blackett et al. 2008). It is known from
the P. persculptus Biozone in Arctic Canada, Anticosti Is-
land, and the Yangtze region of China (Melchin ez al. 1991,
Chen et al. 2005, Melchin 2008). It has been recorded
throughout the Ak. ascensus—Pk. acuminatus Biozone and
possibly higher in Jordan (Loydell 2007).

Metabolograptus wangjiawanensis (Mu & Lin, 1984)
Figures 4N, P, Q, S, U, V, 6B, G, H, 7B

*1984 Climacograptus wangjiawanensis Mu & Lin, p. 59,
pl. 4, figs 10, 11.

1985 Normalograptus wangjiawanensis (Mu & Lin,
1984). — Chen et al, p. 269, pl. 2, fig. 6,
text-figs 10C, K, P, T, U [see for synonymy list].

2007 Normalograptus wangjiawanensis (Mu & Lin). —
Chen et al., p. 80, text-fig. 3AA.

Material and stratigraphical range. — Ten well-preserved
specimens: five from the Sishichang section and five from
the Dawangou East section.

Description. — The rhabdosome is up to 26 mm long, wide-
ning from 0.65-0.90 mm at the first thecal pair to a maxi-
mum width of 1.7-2.0 mm distally. Thecae have sharp,
thickened genicula. The supragenicular walls are slightly
inclined and apertures are horizontal. The infragenicular
wall is strongly sigmoidally curved. 2TRD is 1.5-1.95 mm
at th2', 1.75-2.25 mm distally. Th1' first grows downward
and then turns upward just below the sicular aperture. The
upward-growing portion of th1' is 0.75-0.9 mm long. Th1?
crosses the sicula diagonally, leaving the dorsal side of the
sicula exposed for 0.3-0.55 mm. The virgella is long and
robust, 2.6-5.5 mm long, sometimes widening to form a
vane shape or a spatulate structure. The median septum is
undulose proximally and gradually straightens distally. Its
origination position varies from the first thecal pair to the
third or fifth thecal pair.

Discussion. — Many Upper Ordovician and lower Silurian
graptolite species bear long and robust virgellae. Metabo-
lograptus wangjiawanensis and Climacograptus caudatus
Lapworth, 1876 differ in the shape of the virgella distally:
that of the former widens to a spatulate structure, whereas
that of the latter widens to a fan shape. Climacograptus an-
tiquus bursifer Elles & Wood has a robust virgella as well
as a pair of thecal spines from the first theca. Climacograp-
tus antiquus bursifer and Climacograptus wilsoni Lap-
worth, 1876 have a membrane surrounding the virgella.
Normalograptus rhizinus (Li & Yang in Nanjing Institute
of Geology and Mineral Resources, 1983) also posses-
ses a widened virgella distally. The material described
herein differs from Normalograptus rhizinus in the smaller
length of supragenicular wall, larger rhabdosome width,
and closer thecal spacing. The material differs from another
Chinese species, Climacograptus bidongensis Fu, 1982, in
having a narrower rhabdosome and longer exposure of the
antivirgellar side under th1?. The present species also re-
sembles Korenograptus jerini from the Urubulak Forma-
tion (A. cuneatus and H. sinitzini subzones) of Uzbekistan,
reported by Koren” & Melchin (2000), in which the median
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Figure 5. A, E, F, G, M, O, P — Hirsutograptus jideliensis (Koren’ &
Mikhaylova in Koren’ et al., 1980); A — XKT1-13-2; E — XKT1-70-5;
F - DKM2-0.4-8; G — XKT1-66-4; M — KD-HB-48-03; O — XKT1-16-2;
P — XKT1-42-1. « B, C, I — Paramplexograptus madernii (Koren’
& Mikhaylova in Koren’ et al., 1980); B — HD-HB-48-21; C —
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septum also originates from the fourth or fifth thecal pair
but differs in having a greater maximum width and sharply
geniculate thecae throughout the rhabdosome. Metabolo-
graptus wangjiawanensis is reported to have a wide range
of variation in maximum width. The maximum width
of the holotype is 2.4-2.5 mm. A later report by Chen et al.
(2005) stated that this species has a width range of
1.9-2.2 mm. Due to the preservation of the type collection,
the origination of the median septum of M. wangjiawanen-
sis is hard to discern. However, the median septum may
begin around the third thecal pair (Dr M. Melchin, pers.
comm.). Combined with the data from the present study,
M. wangjiawanensis may have a delayed median septum
that originates around the 3" to 5™ thecal pair.

Stratigraphical range. — In the Yangtze region of South
China, M. wangjiawanensis is reported from the P. per-
sculptus Biozone to the Ak. ascensus Biozone (Chen et al.
2005). In Arctic Canada, it has been recorded from the
P. persculptus Biozone (Melchin ef al. 1991).

Genus Persculptograptus Koren’ & Rickards, 1996

Type species. — Glyptograptus persculptus Elles & Wood,
1907.

Diagnosis. — Robust biserial graptoloids, septate to asep-
tate, up to 40 mm long and with a distal dorso-ventral width
sometimes in excess of 2.5 mm (in specimens preserved in
relief); proximal development normal Pattern (H); thecae
doubly sigmoidal with slight geniculum in the proximal
thecae of some species; thecal overlap considerable; me-
dian septum commonly undulating in the proximal region,
less so distally; sicula of moderate length, often well expo-
sed in reverse view; virgellate, virgella usually short,
spike-like nema expanded slightly distally (Koren” & Ric-
kards 1996).

Discussion. — Koren” & Rickards (1996) erected the genus
Persculptograptus and assigned Persculptograptus per-
sculptus, which has characteristic doubly sigmoidal thecae,
as the type species. Persculptograptus was treated as a ju-
nior synonym of Metabolograptus in the phylogenetic
study of Melchin et al. (2011). They suggested that P. per-
sculptus together with M. sibericus, N. ojsuensis, N. extra-
ordinarius and N. parvulus be included in Metabolograp-
tus. However, Obut & Sennikov (1985) had realized that

DKM2-1.6-30; I — KD-HB-48-03. « D, H, J, K, L, N, Q — Par-
amplexograptus? sp.; D — XAS50-13; H— XKDEI-1; J - XAS50-28A-2;
K — XAS50-37; L — XKDE2-64-1; N — XAS50-46; Q — XKT1-75-3. All
scale bars represent | mm. A, B, C, F, I, magnification x 10; D, E, G, H,
K-P, magnification x 8; J, magnification x 6.
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P. persculptus has different features (doubly sigmoidal
thecae, considerable thecal overlap and a proximally undu-
lating median septum), and thus did not transfer it to Meta-
bolograptus. In this study, we prefer to retain Persculpto-
graptus as a separate genus.

Persculptograptus sp.
Figures 3C, H, N, P, Q, U, V,6A, C,E, F, 7C

Material. — Fifteen specimens: seven from the Sishichang
section, five from the Tierekeawati section, and three from
the Dawangou East section.

Description. — The rhabdosome widens from 0.9 mm at the
first thecal pair to a maximum width of 1.8-2.3 mm dis-
tally. The proximal thecae are climacograptid with sharp,
non-hooded genicula. Distal thecae are moderately to
gently sigmoidal. The supragenicular walls are straight and
inclined slightly. The specimens have relatively short sup-
ragenicular walls (measuring 0.6 mm at th4' and 0.55 mm
at th8") and large apertural excavations (around 0.5 mm at
th4' and th8'). 2TRD is 1.6-1.7 mm at th2!, 1.9 mm dis-
tally. The sicula is 1.3 mm long and bears a short, robust
virgella. Th1' first grows downward and then turns upward
just below the sicular aperture. The upward-growing por-
tion of th1' is 0.9-1.0 mm long. Some specimens show an
undulose median septum proximally, which gradually be-
comes straight distally. The median septum is nearly com-
plete, and originates as early as the first thecal pair.

Discussion. — The present material resembles the type spe-
cimens of P. persculptus in having sharp-flowing genicula,
an undulose median septum, and sinuous interthecal septa.
The present specimens differ from M. parvulus in having
greater rthabdosome width and 2TRD value both proxi-
mally and distally. The material described herein can be
distinguished from M. ojsuensis in having a narrower pro-
ximal end, a smaller distal 2TRD value, shorter infrageni-
cular walls, and taller apertural excavations. The present
specimens, which are preserved in partial relief, have a re-
latively smaller rhabdosome width (maximum width
1.8 mm in partial relief), thus resembling P. persculptus
from Bornholm, Denmark (maximum width 1.6 mm in full
relief, 2.0 mm in flattened specimens; Bjerreskov 1975).
Persculptograptus sp. can be distinguished from P. per-
sculptus by the fact that the latter has much smaller apertu-
ral excavations and relatively much longer supragenicular
walls. Blackett er al. (2008) performed a morphometric
analysis on graptolites from several localities in Wales;
their detailed biostratigraphical subdivision of the P. per-
sculptus to Pk. acuminatus biozones was principally based
on the delay in the insertion point of the median septum.
The youngest interval in the mid-acuminatus Biozone con-

tains Persculptograptus cf. persculptus, which does not
display a median septum on its reverse side. The specimens
of Persculptograptus cf. persculptus from Wales described
by Blackett et al. (2008) have similar DVW and 2TRD va-
lues to P. sp. and relatively short and slightly inclined sup-
ragenicular walls. Davies (1929) originally suggested that
stratigraphically later forms of Persculptograptus show
late insertion of the median septum.

Family Retiolitidae Lapworth, 1873, emend.
Melchin et al., 2011

Paraphyletic subfamily Petalolithinae Bulman, 1955,
emend. Melchin et al., 2011

Genus Paramplexograptus Melchin et al., 2011

Type species. — Paraorthograptus paucispinus Li, in Anhui
Geological Survey Team (1982).

Diagnosis. — Species that form an aseptate rhabdosome
with Pattern H or Pattern I proximal structure and the
nema attached to the base of the interthecal septa. Thecae
have sharp genicula with thickenings or ventral flanges,
and slightly to moderately inclined, usually concave suba-
pertural walls. The sicular aperture shows a slight dorsal
flare (Melchin et al. 2011).

Paramplexograptus madernii (Koren’ & Mikhaylova
in Koren’ et al., 1980)
Figures 5B, C, I, 8I

*1980 Glyptograptus madernii Koren’ & Mikhaylova in
Koren’ et al., pp. 141-143, pl. XL, figs 3-9;
text-fig. 420—€.

v. 2005 Normalograptus sp. aff. N. indivisus (Davies). —
Chen et al., pp. 270, 271; pl. 2, fig. 10; text-figs 10A,
E-F, M.
2007 Normalograptus madernii (Koren’ & Mikhay-
lova). — Chen et al., pp. 80, 81, text-fig. 3V.

2011 Paramplexograptus madernii (Koren’ & Mikhay-

lova). — Melchin et al., pp. 299, 301, text-fig. 5B.

Material. — Eight specimens: six from the Dawangou East
section and two from the Dawangou section.

Description. — The rhabdosome is up to 5.9 mm long. It
widens from 0.75-0.8 mm at the first thecal pair to
0.9-1.15 mm at the sixth, and retains this width to the distal
end of the rhabdosome. The 2TRD is 1.15-1.45 mm at th2'
and 1.3-1.5 at th6'. The descending portion of the first
theca is 0.5 mm long. Theca 1' turns upward just below
the base of the sicula and th1? crosses the sicula diagonally,
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leaving the dorsal side of the sicula exposed for ca
0.35-0.45 mm. The rhabdosome is aseptate. Thecae are of
climacograptid type with parallel-sided to slightly con-
cave supragenicular walls and straight but oblique apertu-
ral margins. The genicula are sharp and show thickened
rims around the genicula, sometimes forming small geni-
cular flanges. The apertural excavations are large, and the
ratio between the supragenicular wall and the excavation
at th5' is around 2:1.

Discussion. — The present specimens are aseptate. The Chi-
nese specimens that were identified as N. sp. aff. N. indivi-
sus (Waern, 1948) from the Yangtze Region by Chen et al.
(2005) are clearly aseptate with alternate thecae through-
out. Moreover, one of those specimens (Chen ef al. 2005,
text-fig. 10A) shows that the bases of the interthecal septa
are attached to the nema. These specimens differ from
N. indivisus, which also has a dicalycal theca and two sepa-
rate stipes distally, and are regarded as Paramplexograptus
madernii herein.

The present specimens fit well with the definition of
Paramplexograptus Melchin et al. (2011). Paramplexo-
graptus contains species that are aseptate, with a Pattern H’
or Pattern I proximal structure and with the bases of the
interthecal septa attached to the nema. These characters
help to separate Paramplexograptus madernii from the
hooded form of Hirsutograptus jideliensis (Koren’ &
Mikhaylova in Koren’ et al., 1980).

Stratigraphical range. — Paramplexograptus madernii was
first reported from the Pk. acuminatus Biozone in Kazakh-
stan (Koren” & Mikhaylova in Koren’ et al. 1980).
Subsequently it was recorded in the P. persculptus
Biozone of the Yangtze Region of South China (as
Normalograptus sp. atf. N. indivisus by Chen et al. 2005);
recently, it has been reported throughout the M. extra-
ordinarius, P. persculptus, and Ak. ascensus biozones of
Northwestern Zhejiang, China (Chen et al. 2007).

Paramplexograptus? sp.
Figures SD,H,J, K, L, N, Q, 7D, F, H, 1

v 72005 Normalograptus avitus (Davies, 1929). — Chen et
al., pl. 1, fig. 11, pl. 2, fig. 9, text-figs 7D, G, J-L.

Material. — Eleven specimens: five from the Dawangou
East section, five from the Sishichang section, and one
from the Tierekeawati section.

Description. — The rhabdosome widens from 0.7-0.8 mm
at the first thecal pair to a maximum width of 1.65 mm at
the sixth/seventh thecal pair, and retains this width to the
distal end of rhabdosome. The 2TRD is 1.5-1.9 mm at th2'
and 1.4-1.8 at th10'. The virgella is short, around
0.3-1 mm long. Th1' turns upward just below the base of
the sicula and th1? crosses the sicula diagonally, leaving
the antivirgellar side of the sicula exposed for ca
0.15-0.45 mm; the ascending length of th1'is 0.8—1.1 mm.
The rhabdosome is aseptate proximally and with alternate
thecae in the first three to four thecal pairs. The genicula
are sharp and show thickened rims around the genicula.
The bases of the interthecal septa are attached to the nema.

Discussion. — The species has a cuneiform shape at the pro-
ximal end, and the first several thecae grow alternately.
Whether this species has a median septum is uncertain.
Some of the specimens (e.g., Fig. 5D) show that the bases
of the interthecal septa are attached to the nema. The pre-
sent material shows a tendency for elongation in the first
thecal pair and long exposure of the sicula below th1%: this
recalls Avitograptus avitus. However, the present material
differs from A. avitus in having a larger proximal width and
a less elongate first thecal pair. The great similarity between
the specimens tentatively suggests an assignment to Pa-
ramplexograptus.

Paraphyletic family Normalograptidae Storch & Serpagli,
1993, emend. Melchin et al., 2011

Genus Normalograptus Legrand, 1987,
emend. Melchin ez al., 2011

Type species. — Normalograptus scalaris var. normalis
Lapworth, 1877; by original designation.

Diagnosis. — Species with Pattern H rhabdosomes that pos-
sess unornamented climacograptid thecae with straight or
concave interthecal septa throughout the rhabdosome and a
full median septum, which may be delayed (Melchin et al.
2011).

Normalograptus ajjeri (Legrand, 1977)
Figures 4B, C, D, F, O, 8H

*1977 Climacograptus (Climacograptus) normalis ajjeri
Legrand, p. 171, text-figs 9A-D, 10A, B.

Figure 6. A, C, E, F — Persculptograptus sp.; A, C — XAS50-17; E — XAS50-39; F — XKT1-76-1. « D — Korenograptus laciniosus (Churkin & Carter,
1970); DKM2-1.1-24. « B, G, H — Metabolograptus wangjiawanensis (Mu & Lin, 1984); B — XAS50-22; G — XAS50-1; H — XAS50-46a. All scale bars

represent 1 mm.
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.1984 Climacograptus normalis Lapworth. — Chen, p. 40;
pl. 2, figs 15, 16; pl. 3, fig. 1; text-fig. 3i.

1984 Climacograptus pseudonormalis Li, p. 346, pl. 14,
figs 10, 13-17.

1995 Climacograptus pseudonormalis Li, p. 241, pl. 3,
fig. 20; pl. 8, figs 1-6, 8; pl. 26, fig. 11.

1999 Normalograptus normalis (Lapworth). — Li, p. 95,
pl. 1, fig. 18.

2000 Normalograptus normalis (Lapworth). — Koren’ &
Melchin, p. 1101, fig. 7.14.

v? 2005 Normalograptus normalis (Lapworth). — Chen et al.,
p. 264, text-fig. 9J.

2007 Normalograptus ajjeri (Legrand). — Loydell, pp. 29,
30, text-figs 12G, 15A-F, H-I, O [see for synonymy
list].

2008 Normalograptus ajjeri (Legrand). — Storch & Feist,
p. 943, text-figs 6.14, 7.22.

2011 Normalograptus ajjeri (Legrand). — Storch et al.,
pp. 368, 369, figs 25B-D, P, V, W, 26L, M.

2012 Normalograptus ajjeri (Legrand). — Storch &
Schonlaub, p. 759, figs 3A, B, 7D, ?0, 4E, F.

Material. — Twenty specimens: nineteen from the Tiereke-
awati section and one from the Dawangou East section.

Description. — The rhabdosome is more than 14.0 mm
long. It measures about 0.8—0.9 mm in dorso-ventral width
at the first thecal pair, and widens gradually to its maxi-
mum width of 1.4-1.6 mm. The rhabdosome is paral-
lel-sided for most of its length. 2TRD is 1.4—1.8 mm at th2'
and 1.6-1.9 mm distally. The thecae are climacograptid in
form and sub-alternating. The supragenicular walls are
straight, with sharp and obvious genicula. The apertures
are horizontal and open into semicircular excavations. The
proximal end is asymmetrical; the virgella is short and
sometimes more than 0.5 mm long. Th1! first descends and
then turns upward just below the sicular aperture. The
upward-grown portion of th1' is 0.8-1.0 mm long. Th1?
crosses the sicula high above the sicular aperture and leaves
the sicular wall below th1? free for 0.2-0.4 mm. A full me-
dian septum is developed.

Discussion. — The thecal form is the typical box-like “sca-
laris” form. The dimensions of the material match well
those of the Jordanian material described by Loydell
(2007), except that the maximum rhabdosome width of the
Jordanian material is very slightly smaller. Loydell (2007)

re-examined the type material of N. normalis and found it
to be significantly broader (1.85-2.05 mm in maximum
width without significant preservational effects) than the
specimens generally assigned to this species previously.
He suggested that many narrower forms should be reas-
signed to N. ajjeri, a similar species with narrower width.
This idea obtained some support from Storch &
Schonlaub (2012). One of the Chinese N. normalis speci-
mens from the Yangtze region has a relatively wide and
blunt proximal end and a small rhabdosome width, which
may suggest a close relationship to N. ajjeri (Chen et al.
2005, text-fig. 9J). However, th1? of the Yangtze region
specimen crosses the sicula just above the sicular aper-
ture. These features separate this specimen from typical
N. ajjeri, which has a larger amount of the sicular wall ex-
posed below th1?%,

Melchin et al. (2011) restricted Normalograptus to in-
clude only species with parallel, unornamented thecae
(e.g., N. normalis, N. ajjeri, N. angustus), because their
phylogenetic analysis found that that all of the species pre-
viously included in this genus that possessed either in-
clined thecae (M. parvulus, K. laciniosus) or genicular
hoods (H. jideliensis) were more closely related to the type
species of other genera (e.g., Metabolograptus,
Hirsutograptus, Korenograptus or Neodiplograptus) than
they were to Normalograptus normalis.

Stratigraphical range. — N. ajjeri has a long stratigraphical
range; it has been recorded from the Hirnantian through to
the lower Aeronian (Loydell 2007). In the Yangtze region,
the species has been reported from the upper P. pacificus
Biozone to the M. extraordinarius Biozone (in part as
N. normalis by Chen et al. 2005).

Normalograptus angustus (Perner, 1895)
Figures 38, 41, 8G, J

*1895 Diplograptus (Glyptograptus) euglyphus angustus

Perner, p. 27, pl. 8, fig. 14a, b.

1975 Climacograptus angustus (Perner). — Bjerreskov,
p. 23, fig. 9a.

1980 Climacograptus angustus (Perner). — Koren” & Mi-
khaylova in Koren’ et al., p. 132, text-fig. 35.

1980 Climacograptus aff. angustus (Perner). — Koren’ &
Mikhaylova in Koren’ et al., p. 131, pl. 37, figs 2-7;
text-fig. 34.

Figure 7. A — Avitograptus sp. aff. A. avitus (Davies, 1929); KD-HB-48-07. *« B — Metabolograptus wangjiawanensis (Mu & Lin, 1984);
XKDE2-28a-1. » C — Persculptograptus sp.; KD-HB-48-10. « D, F, H, I — Paramplexograptus? sp.; D — DKM2-0.5-2; F — XAS50-xx;
H - XKDE2-5-1; I - XKDE2-24. « E, G — Normalograptus mirnyensis (Obut & Sobolevskaya, in Obut et al., 1967); E — XAS50-57; G — XKT1-13-2.
e J—Metabolograptus parvulus (Lapworth, 1900); J - XKDE2-42. « K — Korenograptus jerini (Koren’ & Melchin, 2000); E2-49a-1. All scale bars rep-

resent 1 mm.
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1984 Climacograptus angustus (Perner). — Chen, p. 38,
pl. 2, figs 9, 10; text-fig. 3(j).

p. 1988 Scalarigraptus angustus (Perner). — Riva, p. 232,
figs 3a—c, j?, k?, t—v?

1993 Normalograptus angustus (Perner). — Storch & Ser-
pagli, p. 22, pl. 1, figs 3, 4, 67; pl. 2, figs 2, 6;
text-fig. 7a?, b, c, f.

2000 Normalograptus angustus (Perner). — Koren” &
Melchin, p. 1097, figs 4.8, 4.11-4.13, 5.4.

2007 Normalograptus angustus (Perner). — Chen et al.,
pp- 80, 81, text-fig. 3R.

2011 Normalograptus angustus (Perner). — Goldman et
al., p. 228, fig. 1K [see pre-2015 synonymy of Nor-
malograptus angustus in Kraft et al. 2015].

2015 Normalograptus angustus (Perner). — Kraft et al.,
pp- 215-217, figs 8A, B, 9A-F, 13B, F, G [see for
synonymy list].

Material. — Four specimens from the Tierekeawati section.

Description. — The mature rhabdosome measures up to
8.25 mm long. It widens from 0.6—0.8 mm at the first thecal
pair to the maximum width of 0.9-1.2 mm distally. 2TRD
is 1.4-1.7 mm at th2', 1.8 mm distally. The thecae are
sub-alternating, box-like, and of climacograptid form with
sharp, non-hooded genicula. The supragenicular walls are
straight and parallel to the rhabdosome axis. The sicula is
slender, with a length of 1.2-1.4 mm and a width of
0.25 mm. Th1' first grows downward and then turns up-
ward just below the sicular aperture. The upward-growing
portion of theca 1' is 0.6-0.9 mm long. Th1? crosses the
sicula diagonally, leaving the dorsal side of the sicula ex-
posed for ca 0.2 mm. The median septum can be observed
to originate at the second thecal pair.

Discussion. — Riva (1988) re-studied the type material of
both N. miserabilis and N. angustus and supported the sy-
nonymy of N. miserabilis and N. angustus, as was first sug-
gested by Pribyl (1949) and later supported by Skoglund
(1963), Bjerreskov (1975), Koren’ & Mikhaylova (in
Koren’ et al. 1980) and Chen (1984). However, N. misera-
bilis was referred to Styracograptus by Goldman et al.
(2011) after they restudied the type material and found that
the two taxa have significantly different internal structures
and thus should be assigned to different genera. Some of
Riva’s (1988) specimens of N. angustus from Anticosti Is-
land with densely spaced thecae (text-fig. 3d—h) were as-
signed to M. parvulus by Zalasiewicz & Tunnicliff (1994).

Other specimens with slightly concave, inclined
supra-genicular walls (text-fig. 3t-v) were reassigned to
N. aff. N. indivisus by Chen et al. (2005). Normalograptus
angustus differs from N. acceptus (Koren’ & Mikhaylova
in Koren’ et al., 1980) in not having hooded genicula, and
from N. mirnyensis (Obut & Sobolevskaya in Obut ef al.,
1967) in having a narrower distal width and less closely
spaced thecae.

Stratigraphical range. — Normalograptus angustus has
been recorded from the Pleurograptus linearis Biozone
(Skoglund 1963), and also from the M. extraordinarius and
P. persculptus biozones in South China (Chen er al. 2005).
It has also been reported from high in the Rhuddanian,
from the Co. cyphus Biozone (Rickards 1970, Hutt 1974);
is also known from the A. cuneatus and H. sinitzini subzo-
nes (Ak. ascensus—Pk. acuminatus Biozone) of the Kurama
Range, Eastern Uzbekistan (Koren’ & Melchin 2000).

Normalograptus mirnyensis (Obut & Sobolevskaya
in Obut et al., 1967)
Figures 4A,E, G, H,J,L, M, R, X, 7E, G, 8A, C

*1967 Hedrograptus mirnyensis Obut & Sobolevskaya in
Obut et al., p. 47, pl. 1, figs 4-9.

.1984 Climacograptus mirnyensis (Obut & Sobolev-
skaya). — Chen, p. 38, pl. 2, figs 12-14; text-fig.
3f-h.

1999 Normalograptus mirnyensis (Obut & Sobolev-
skaya). — Li, p. 95, pl. 1, fig. 9.

1999 Climacograptus minutus Carruthers. — Li, p. 89,
pl. 1, figs 6, 8, 10, 12; pl. 10, fig. 11.

2007 Normalograptus mirnyensis (Obut & Sobolev-
skaya). — Loydell, pp. 37-38, text-figs 19A-E [see
for synonymy list].

2007 Normalograptus mirnyensis (Obut & Sobolev-
skaya). — Chen et al., text-figs 3C, 4C.

2011 Normalograptus mirnyensis (Obut & Sobolev-
skaya). — Storch et al., pp- 374-375, figs 25E, F, 1, J,
26C, F, K.

Material. — Twenty-four small specimens: twenty from the
Tierekeawati section, one from the Sishichang section, and
three from the Dawangou section.

Description. — The rhabdosome, which is up to 13 mm
long, widens from 0.7-0.8 mm at the first thecal pair to a

Figure 8. A, C — Normalograptus mirnyensis (Obut & Sobolevskaya in Obut ez al., 1967); A — XKT1-2b-1; C — XKT1-10-2. B, E, F — Metabolograptus
parvulus (Lapworth, 1900); B — XKT1-9; E - DMK2-1.6-36; F — XKT1-55. « D — Hirsutograptus jideliensis (Koren’ & Mikhaylova in Koren’ et al., 1980);
XKT1-10-1. * G, J — Normalograptus angustus (Perner, 1895); G — XKT1-28-3; J — XKT1-34. « H — Normalograptus ajjeri (Legrand, 1977); XKT1-29.
[ — Paramplexograptus madernii (Koren’ & Mikhaylova in Koren’ et al., 1980); HD-HB-48-21. All scale bars represent 1 mm.
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maximum width of 0.9—1.1 mm distally. The thecae are of
typical climacograptid type, with sharp, non-hooded geni-
cula. The supragenicular walls are straight. Apertural exca-
vations are semi-ovoid in shape. The 2TRD is 1.45 to
1.6 mm at the proximal end, 1.4—1.7 mm distally. The si-
cula measures 1.20—1.4 mm long. Th1' first grows down-
ward and then turns upward just below the sicular aper-
ture. The upward-growing portion of theca 1' is 0.8 mm
long. The sicula is exposed below th1?* for 0.3-0.4 mm.
There is a full median septum. The interthecal septa are
long and straight.

Discussion. — Normalograptus mirnyensis is characterized
by its small 2TRD values, parallel-sided supragenicular
walls and strong thecal geniculation. It differs from N. an-
gustus in having more densely spaced thecae throughout
the rhabdosome. Normalograptus mirnyensis can be distin-
guished from N. ajjeri by having a narrower rhabdosome
and less widely spaced thecae. Normalograptus mirnyensis
differs from N. acceptus in having a slightly wider rhabdo-
some and less distinct genicular flanges.

The specimens described herein have blunt proximal
ends and short virgellae, resembling specimens from
north-central Nevada described by Storch et al. (2011) and
from Jordan described by Loydell (2007, with long
virgellae). Other specimens referred to this species, re-
ported from the Upper Yangtze Region in South China
(Chen et al. 2005) and from eastern Uzbekistan (Koren” &
Melchin 2000), have more tapering proximal ends.

Stratigraphical range. — N. mirnyensis is recorded from the
Ak. ascensus—Pk. acuminatus Biozone of Mirny Creek, north-
east Russia (Obut ef al. 1967), and from the N. lubricus,
A. cuneatus, and H. sinitzini subzones in the Kurama range,
eastern Uzbekistan (Koren’ & Melchin 2000). It has been re-
corded from the M. extraordinarius and P. persculptus bio-
zones in the Yangtze region, China (Chen et al. 2005), and
from strata assigned to the upper P. persculptus Biozone in
Mauritania (northwest Africa) by Underwood et al. (1998;
see Loydell 2007). The species has been reported from the
M. extraordinarius to P. persculptus biozones in north-
central Nevada, USA by Storch et al. (2011).

Family incertae sedis

Genus Hirsutograptus Koren’ & Rickards, 1996,
emend. Melchin et al., 2011

Type species. — Hirsutograptus longispinosus Koren’ &
Rickards, 1996.

Diagnosis. — Species with Pattern I aseptate rhabdosomes
with glyptograptid to climacograptid thecae; nema embed-
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ded in the obverse rhabdosomal wall or with a narrow, ob-
verse partial median septum (Melchin ef al. 2011).

Hirsutograptus jideliensis (Koren’ & Mikhaylova
in Koren’ et al., 1980)
Figures 3B, G, 5A,E, F, G, M, O, P, 8D

*1980 Climacograptus jideliensis Koren’ & Mikhaylova in
Koren’ et al., pp. 133-134, pl. 37, figs 8-12;
text-fig. 36a—d.

2000 Climacograptus jideliensis Koren’ & Mikhaylova.
— Koren’ & Melchin, pp. 1097-1098, text-figs
4.17-4.28,5.13-5.15, 6.1.

2011 Hirsutograptus jideliensis (Koren’
lova). — Melchin et al., pp. 294, 301.

& Mikhay-

Material. — Twenty-one specimens: twenty specimens from
the Tierekeawati section and one from the Dawangou section.

Description. — Rhabdosome up to 7.8 mm long, widening
from 0.6-0.9 mm at the first thecal pair to the maximum
width of 0.9-1.2 mm distally. The 2TRD is 1.1-1.5 mm at
th2', 1.4-1.55 mm distally. Thecae have horizontal apertu-
res and distinct, sharp genicula and narrow genicular
flanges. Th1' first grows downward and turns upward just
below the sicular aperture with an upward-growing portion
0.65-0.9 mm long. Th1? crosses the sicula diagonally,
leaving the antivirgellar side of the sicula exposed for ca
0.2-0.3 mm. There is a full median septum, originating at
the second thecal pair.

Discussion. — Hirsutograptus jideliensis is characterized
by its rounded proximal end and densely spaced thecae
with short genicular flanges. The present specimens are
close to those from the type area, but have a slightly nar-
rower maximum rhabdosomal width. Moreover, the pre-
sent specimens have an earlier origination for the median
septum, which starts at the second thecal pair. Hirsuto-
graptus jideliensis differs from N. acceptus (Koren’ &
Mikhaylova in Koren’ et al., 1980) in having shorter geni-
cular flanges and wider rhabdosome width.

Stratigraphic range. — Hirsutograptus jideliensis is recor-
ded from the Pk. acuminatus Biozone in Kazakhstan
(Koren” & Mikhaylova in Koren’ et al. 1980) and from the
N. lubricus, A. cuneatus, and H. sinitzini subzones (Ak. as-
census—Pk. acuminatus Biozone) in the Kurama Range,
Eastern Uzbekistan (Koren’ & Melchin 2000).
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