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Abstract. Organophosphatic brachiopods, widely distributed across several Cambrian tectonic plates, are cru-
cial in understanding the evolution of early brachiopods. Here, we report newly discovered material of Schizopho-
lis yorkensis from the Tsinghsutung Formation (Cambrian Series 2, Stage 4) in Songtao County, Guizhou
Province, South China. This study presents the first systematic description of S. yorkensis from South China
and extends its palaeobiogeographical distribution significantly. These specimens obtained through acid etching
exhibit well-preserved morphological characteristics, including two tubercles on the dorsal metamorphic shell
and three tubercles on the ventral metamorphic shell. Additionally, the ventral valve has divergent delthyrium
throughout its ontogeny. Palacogeographical analysis indicates that Schizopholis was predominantly distributed
in low-latitude regions and reached its highest diversity level during the Cambrian Age 4, suggesting a phase
of rapid spatial expansion during this interval. Schizopholis yorkensis was previously known from only North
China and Australia during the Cambrian Age 3, but its subsequent distribution implies an expansion to South
China and Antarctica during the Cambrian Age 4. In contrast, S. napuru is largely restricted to the Cambrian
Age 4, providing vital auxiliary information for the palaeobiogeographical and biostratigraphical correlations.

1 Introduction pedicle groove. Schizopholis was restudied, and Karathele
and Discinolepis were suggested to be junior synonyms
of Schizopholis by Popov et al. (2015). The relationships
among Schizopholis and the other acrotheloids (Botsfordia,
Eothele, and Acrothele) have also attracted attention (Holmer
et al., 1996; Korovnikov, 1998; Bassett et al., 1999; Grave-

stock et al.,, 2001; Popov et al., 2015; Claybourn et al.,

Brachiopods were one of the most important biotic compo-
nents of the marine benthic community throughout geologi-
cal history and played a crucial role in the shaping of the ma-
rine ecosystem (Bassett et al., 1999; Carlson, 2016; Harper et
al., 2017; Zhang et al., 2018a). The family Botsfordiidae has

been proposed as the possible ancestral clade of Acrothelidae
(Williams et al., 2000). Among these, Schizopholis was pre-
viously assigned to Acrothelidae by Williams et al. (2000)
and later placed within the family Botsfordiidae by Grave-
stock et al. (2001) based on the presence of the opening

2020). Morphologically, Schizopholis is similar to Eothele
and Acrothele but differs from the latter two genera in hav-
ing an open delthyrium instead of an enclosed pedicle fora-
men (Holmer et al., 1996; Popov et al., 2015; Smith et al.,
2015). Schizopholis is intermediate between Botsfordia and
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Eothele in terms of both the morphology and the nature of
the pedicle opening, suggesting that it plays a key role in
the evolutionary transition from Botsfordia to Schizopholis
to Eothele and, eventually, to Acrothele (Holmer et al., 1996,
2001; Korovnikov, 1998; Bassett et al., 1999; Popov et al.,
2015). Additionally, the main difference between Schizopho-
lis and Botsfordia is the presence or absence of the median
sulcus on the dorsal valve as identified by Claybourn et al.
(2020). Phylogenetically, Schizopholis is usually found to be
a paraphyletic group, connecting the botsfordiids (Botsfor-
dia taxon) with the acrothelids (Eothele, Acrothele, and Or-
bithele taxa) to form a monophyletic group (Claybourn et al.,
2020: p. 8, fig. 3).

Schizopholis was first established by Waagen (1885)
based on the specimens from the Khussak Formation (lower
Neobolus beds), Salt Range, Pakistan. To date, Schizopho-
lis has been described from carbonate deposits across differ-
ent palaeocontinents, including Australia, Antarctica, the Hi-
malaya, North China, and Kazakhstan (Kruse, 1990, 1998;
Gravestock et al., 2001; Holmer et al., 2001; Popov et al.,
2015; Percival and Kruse, 2014; Pan et al., 2019; Claybourn
et al., 2020; Popov et al., 2021). In contrast, fossil records of
Schizopholis from South China have been relatively scarce
and are mainly restricted to clastic deposits (Chen et al.,
2019; Liu et al., 2020). Moreover, previous studies of Cam-
brian brachiopod from the Tsinghsutung Formation (Cam-
brian Series 2, Stage 4) in Guizhou Province have mostly fo-
cused on the acrotretoids (Wei et al., 2020, 2023). Only one
species of S. napuru has been identified from the mudstone
layers from the Tsinghsutung Formation in Jianhe County,
Guizhou Province (Liu et al., 2020). Here, we present the
first systematic description of S. yorkensis from the Tsingh-
sutung Formation in Songtao County, Guizhou Province. The
specimens are well preserved and provide important new in-
formation, allowing an improved understanding of their mor-
phological and anatomical characteristics. The new material
of S. yorkensis at the Panxin section in Songtao County also
extends the palacobiogeographical distribution of Schizopho-
lis in carbonate sediments of South China.

2 Geological setting

The study area is located in Songtao County, northeast of
Tongren City, Guizhou Province (Fig. 1A). During the Cam-
brian Age 4, it was a part of the shoal of the Yangtze Plat-
form margin (Sang and Wang, 1987; Yin, 1990). The Cam-
brian strata are widely distributed in the Songtao area, in-
cluding the Niutitang, Jiumengchong, Bianmachong, Balang,
Tsinghsutung, Gaotai, Shilengshui, and Loushanguan forma-
tions in ascending order (Fig. 1B; Yin, 1987). The lithology
of the Tsinghsutung Formation in the Songtao area comprises
mainly thick, grey limestone (upper part) and thin, grey-
black argillaceous limestone (lower part; Lin et al., 1966).
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The studied Panxin section is located approximately 1km
east of Panxin Town, Songtao County (Fig. 1B), where the
Tsinghsutung Formation is incompletely exposed and has
a thickness of approximately 84 m (Fig. 1C). The Tsingh-
sutung Formation comprises grey-black mud-ribbon lime-
stone; grey-black argillaceous limestone; thin, black car-
bonaceous limestone; and thick, grey-black leopard lime-
stone. The fossil specimens described herein were collected
from the Panxin section at 13—51 m above the base of Ts-
inghsutung Formation (Fig. 1C).

3 Materials and methods

In total, 26 kg of samples (each sample ranges from 0.8 to
1.2kg) was collected for this study. In the Panxin section,
25 samples were collected from the Tsinghsutung Formation
(see black arrows, Fig. 1C). All fossil specimens were ex-
tracted from the limestones in the Tsinghsutung Formation
outcrop at the Panxin section (Fig. 1C) using 3 %—5 % acetic
acid. Well-preserved fossil specimens were selected using a
stereomicroscope (BXT-1304E). For these specimens, scan-
ning electron microscopy (SEM) imaging was performed at
the Testing Center, College of Resources and Environmental
Engineering, Guizhou University (COXEM-30: 20kV and
3.48 x 107> Pa). All specimens are deposited at the Guizhou
Provincial Key Laboratory for Palaeontology and Palaeoen-
vironment (Guizhou University), Guiyang, China. Specimen
numbers and SEM stub numbers are available in Table S1 in
the Supplement.

4 Results and discussion

4.1 Systematic palaeontology

The morphological terminology used here follows that of
treatises on brachiopods (Williams et al., 2000). In our de-
scriptions, we follow the suggestion in Pan et al. (2019)
that the term “larval shell” as it is presented should be re-
placed by “metamorphic shell” (see Zhang et al., 2018a, b,
for a full discussion). Ushatinskaya and Korovnikov (2016:
p. 454) considered the “tubercles” of botsfordiid to be ho-
mologous in relation to the “setal lobes” of the metamorphic
shell of other lingulid brachiopods. It is also considered to be
the case that “pustule” is equivalent to “granule” and “pustu-
lose” (Ushatinskaya and Korovnikov, 2016). Herein, we use
pustule to indicate the dense and irregular ornaments on the
surface of the post-metamorphic shell.

Subphylum Linguliformea Williams et al., 1996

Class Lingulata Gorjansky and Popov, 1985

Order Lingulida Waagen, 1885

Superfamily Acrotheloidea Walcott and Schuchert in Wal-

cott, 1908
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Figure 1. Lithofacies palaecogeographical, geological, and geographical maps showing the studied area, section, and lithological column and
fossil layer. (A) Lithofacies palaeogeographical map of Guizhou Province (modified from Sang and Wang, 1987; Yin, 1990). (B) Geological
and geographical maps of the study region (the four-pointed red star refers to the studied section). (C) Lithological column and fossil layer
of Schizopholis from the Tsinghsutung Formation of Cambrian Series 2, Stage 4 at the Panxin section in Songtao County, Guizhou Province
(the black arrows indicate sample layers, and the four-pointed black stars indicate fossil layers).

Family Botsfordiidae Schindewolf, 1955
Genus Schizopholis Waagen, 1885

Type species. Schizopholis rugosa Waagen, 1885, lower
Cambrian, Khussak Formation (lower Neobolus beds), Salt
Range, Pakistan.

Diagnosis. See Popov et al. (2015: p. 376) and Claybourn
et al. (2020: p. 363).

Species included. In addition to the type species S. ru-
gosa (Waagen, 1885), the genus Schizopholis contains the
following species: S. yorkensis (Gravestock et al., 2001),
S. napuru (Kruse, 1990), S. quadrituberculum (Percival and
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Kruse, 2014), S. coronata (Koneva, 1986), S. kurtuju (Kruse,
1998), Schizopholis sp. (Hu et al., 2021), and Schizopholis?
sp. (Popov et al., 2021).

Schizopholis yorkensis Gravestock et al., 2001 (Figs. 2-5).

2001 Karathele yorkensis Gravestock et al., p. 128, pl. 21,
figs. 1-11.

2006 Karathele yorkensis Jago et al., p. 415, figs. 40-P.

2016 Schizopholis yorkensis Betts et al., p. 195, figs. 17A—
H.

2019 Schizopholis yorkensis Betts et al., p. 502, fig. 11.

2019 Schizopholis yorkensis Pan et al., p. 524, fig. 9.

J. Micropalaeontology, 45, 259-273, 2026
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2020 Schizopholis yorkensis Claybourn et al., p. 364, figs.
9-10.

Material. Specimens collected include 2 hinged dorsal and
ventral valves, 25 dorsal valves, and 23 ventral valves from
the Tsinghsutung Formation of the Cambrian Series 2, Stage
4 at the Panxin section, Songtao County, Guizhou Province.

Diagnosis. See Ushatinskaya and Holmer in Gravestock et
al. (2001, p. 128).

Description. Shell is small and circular or closely circular
in outline, with maximum width near the mid-length (Figs.
2A-C, G, H; 4A, D; 5A, B, D). Both valves typically frag-
mented at anterior and lateral margins (Figs. 2-5). Metamor-
phic shell is close to circular in outline (Figs. 2A—C and 5A,
D), covered by circular pits of varying diameters (Figs. 2F;
3E; 4C, F). Two types of pitting ornaments are observed
on the metamorphic shell: small pits with diameters rang-
ing from 0.5 to 3 um, and large pits with diameters ranging
from 3 to 7 um (Figs. 2F, 3E, 4F). Two tubercles are on the
dorsal metamorphic shell (Figs. 2A-E, 3A-D), whereas the
ventral metamorphic shell shows a single high tubercle to the
posterior (Fig. 4A-E) and two low tubercles to the anterior
(dotted red line, Fig. 4A, B, D). The metamorphic shell is
separated from the post-metamorphic shell by a halo, which
is poorly developed on small specimens (Figs. 2A-E and 4A)
but obviously developed on larger specimens (Figs. 3A-D
and 4D). Post-metamorphic shell covered by numerous ir-
regular pustules (~ 7 um in diameter on average; Figs. 2A-E;
3A-D; 4A, B, D, G), and well-developed growth lines seen
in better-preserved, larger specimens (red arrows, Figs. 3A—
C and 4B, D). Moreover, two shell layers are observed in the
cross-section of the anterior edge of the post-metamorphic
shell, namely the compact lamina of the primary layer and
the columnar structures of the secondary layer (Fig. 3H),
while pustules developed on the surface of the primary layer
(Fig. 4G).

Dorsal valve is circular in outline (Fig. 2A-C, G, H), with
approximate ratio of average width to length of 1.11 (width
287 to 1568 um, Table 1). Dorsal metamorphic shell close to
circular in outline (dotted white line, Figs. 2A—-C and 3A-
D), with approximate ratio of average width to length of
1.35 (length 236 to 408 pm and width 285 to 532 ym, Table
1). Dorsal metamorphic shell has two tubercles (Figs. 2A—
E and 3A-D). The distance from the peak of each tubercle
to the posterior margins is from 54 to 141 um, and the dis-
tance between the two tubercles is from 82 to 161 um (Table
1), and the two tubercles have nearly parallel arrangement
(Figs. 2A-E and 3A-D). Dorsal post-metamorphic shell cov-
ered by numerous pustules (Figs. 2A-E and 3A-D). Median
sulcus well-developed on the surface of post-metamorphic
shell (Figs. 2A—C and 3A—C) and obvious on the larger speci-
mens (Fig. 3A-C). Vestigial dorsal pseudointerarea, bisected
by the shallow median groove (Figs. 2J and 3G). Dorsal in-
terior develops a vestigial median septum extending to the
mid-length of the valve (Figs. 2G, H and 3F) and obvious
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Table 1. Average dimensions and ratios of dorsal valves of
Schizopholis yorkensis from the Tsinghsutung Formation (Cam-
brian Series 2, Stage 4) at the Panxin section in Songtao County,
Guizhou Province (unit: um).

L w Lm Wm L Wi
N 14 15 16 17 14 17
Max 883 1568 408 526 141 161
Min 302 287 236 285 54 82
Mean 646 771 340 457 92 126
SD 165 280 49 55 29 21

W/L  Lm/L  Wn/W  Wn/Lm Lw/Lm  Ww/Wn
N 14 14 15 16 14 17
Max 1.71 0.87 0.99 1.68 0.35 0.31
Min 0.95 0.31 0.31 1.20 0.18 0.22
Mean  1.11 0.56 0.64 1.35 0.26 0.28
SD 0.19 0.15 0.16 0.14 0.06 0.03

Abbreviations: L — length of valve, W — width of valve, Ly, — length of metamorphic
shell, Wi, — width of metamorphic shell, Ly, — length of the tubercle to the posterior
margin, Wy, — width between two tubercles, N — number of specimens, Max —
maximum value, Min — minimum value, Mean — average value, SD — standard
deviation. Measurement data: Table S2.

on the larger specimens (Fig. 3F). Central imprints of vesti-
gial developed on both anterior sides of the median septum
and obvious on the larger specimens (Fig. 3F), with paired
transmedian imprints and vascula lateralia that are weakly
developed in the interior of the dorsal valve but obviously
well developed on the larger specimens (Fig. 3F).

Ventral valve is small, circular in outline, with maximum
width near mid-length (Figs. 4A, D and 5A, B, D) and ap-
proximate ratio of average width to length of 1.14 (length
549 to 1856 pm and width 632 to 1918 pm, Table 2). Ventral
metamorphic shell is rounded in outline (dotted white line,
Fig. 4A, B, D), with an approximate ratio of average width
to length of 1.28 (length 318 to 459 um and width 397 to
580 um, Table 2). Vestigial ventral pseudointerarea in small
valves (Fig. 5A, B) and more obvious on larger valves (Fig.
5D). Vestigial ventral pseudointerarea in early stage and well
developed later, divided by deep and wide pedicle groove
(Figs. 4B, C and 5C, E). Pedicle groove forming a triangular
delthyrium opening with divergent margins (Figs. 4A-E and
5C, E). Ventral visceral area usually vestigial and extends to
one-third of the valve length (Fig. 5A, B, D).

Remarks. The morphological variability of Schizopholis is
mainly in the number of tubercles on the metamorphic shell
and the character of the pedicle opening (Kruse, 1990, 1998;
Holmer et al., 1996, 2001; Gravestock et al., 2001; Perci-
val and Kruse, 2014; Popov et al., 2015; Claybourn et al.,
2020). Schizopholis yorkensis is similar to the type species S.
rugosa and S. napuru in having two tubercles on the dorsal
metamorphic shell and differs in having divergent delthyrium
throughout the ontogeny of the ventral valve, while the latter
two species have convergent delthyrium in the late pedicle
opening but with a not completely merged margin (Table 3).
Schizopholis yorkensis also has a wider triangular delthyrium
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A

Figure 2. Small dorsal valves of Schizopholis yorkensis from the Tsinghsutung Formation (Cambrian Series 2, Stage 4) at the Panxin section
in Songtao County, Guizhou Province, South China. (A—C) Exterior view, showing the subcircular circular in outline of the metamorphic
shell, with two tubercles on the metamorphic shell and a median sulcus on the post-metamorphic shell: (A) PX-15m-401, (B) PX-15m—409,
and (C) PX-15m-390. (D) Enlarged view of (A), magnifying the metamorphic shell and showing the halo at the metamorphic shell boundary
and pustules on the post-metamorphic shell. (E) Enlarged view of (C), showing arcuately posterior margin (dotted white line). (F) Enlarged
view of (E), showing finely circular pits of varying diameters. (G=H) Interior view, showing the median septum extended to the mid-length
of the shell: (G) PX-15m—421 and (H) PX-15m—-408. (I) Enlarged view of (G), with magnification of the median septum (dotted red line).
(J) Enlarged view of (H), showing vestigial pseudointerarea and shallowly median groove. The scale bars represent 100 um (A-E, G-J) and
10 um (F). Abbreviations: gl — growth line, h — halo, mg — median groove, ms — metamorphic shell, msp — median septum, msu — median
sulcus, pm — posterior margin, ps — pseudointerarea, pu — pustule, pms — post-metamorphic shell, tu — tubercle.
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Figure 3. Large dorsal valves of Schizopholis yorkensis from the Tsinghsutung Formation (Cambrian Series 2, Stage 4) at the Panxin section
in Songtao County, Guizhou Province, South China. (A-C) Exterior view, showing two tubercles on the metamorphic shell and growth lines
(red arrow) on the post-metamorphic shell, as well as an obvious halo at the metamorphic shell boundary: (A) PX-15m-415, (B) PX-15m—
395, and (C) PX-15m-391. (D) Enlarged view of (C), showing two tubercles on the metamorphic shell, pustules on the post-metamorphic
shell, and an obvious halo at the metamorphic shell boundary. (E) Enlarged view of (D), showing finely circular pits of varying diameters.
(F) PX-15m-271, interior view, showing arcuately posterior margin (dotted white line), paired transmedian imprints and central imprints,
straight vascula lateralia (dotted blue line), and median septum (dotted red line). (G) Enlarged view of (F), magnifying the median groove,
pseudointerarea, and median septum. (H) Enlarged view of (F), showing the lamina structure and columnar structure. The scale bars represent
100 um (A-D, F, G) and 10 um (E, H). Abbreviations: cl — central imprints, cs — column structure, ls — lamina structure, mr — median ridge,
tr — transmedian imprints, vl — vascula lateralia; for the other abbreviations, see Fig. 2.
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Figure 4. Ventral valves of Schizopholis yorkensis from the Tsinghsutung Formation (Cambrian Series 2, Stage 4) at the Panxin section in
Songtao County, Guizhou Province, South China. (A) PX-14m-43, small specimen, showing the circular outline, with three tubercles on
the metamorphic shell and pustules on the post-metamorphic shell. (B) PX-15m-274, lateral exterior view, showing open pedicle groove,
divergent delthyrium, developed propareas, and growth lines (red arrow) on the post-metamorphic shell. (C) Enlarged view of (A), showing
the apex, the high tubercle and divergent delthyrium on the ventral valve, and the pseudointerarea and median groove on the dorsal valve.
(D) PX-15m-351, large specimen, shown to be circular in terms of the outline of the metamorphic shell (dotted white line), with concentric
growth lines (red arrow) on the post-metamorphic shell. (E) Enlarged view of (D), showing the divergent delthyrium, developed propareas,
and shallow median groove. (F) Enlarged view of (E), showing circular pits of varying diameters. (G) Enlarged view of (D), showing pustules
on the post-metamorphic shell and lamina structure. The scale bars represent 100 um (A, B, D, E) and 10 um (C, F, G). Abbreviations: ap —
apex, dy — delthyrium, pg — pedicle groove, pr — proparea; for the other abbreviations, see Fig. 3.
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Figure 5. Interior views of the ventral valves of Schizopholis yorkensis from the Tsinghsutung Formation (Cambrian Series 2, Stage 4) at
the Panxin section in Songtao County, Guizhou Province, South China. (A-B) Small specimens: (A) PX-15m-398 and (B) PX-15m—414.
(C) Enlarged view of (B), showing open pedicle groove, divergent delthyrium, apex, and vestigial proparea and visceral area. (D) PX-15m—
393, large specimen. (E) Enlarged view of (D), showing open pedicle groove, divergent delthyrium, apex, and developed proparea. The scale
bars represent 100 pm (A, C, D) and 50 um (B, E). Abbreviation: va — visceral area; for the other abbreviations, see Fig. 4.
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Table 2. Average dimensions and ratios of ventral valves of Schizopholis yorkensis from the Tsinghsutung Formation (Cambrian Series 2,
Stage 4) at the Panxin section in Songtao County, Guizhou Province (unit: um).

L W Ln Wm W/L Ln/L Wn/W  Wmn/Ln
N 15 15 15 15 15 15 15 15
Max 1856 1918 459 580 138  0.70 0.79 1.49
Min 549 632 318 397 090  0.20 0.23 1.13
Mean 910 1045 373 478 1.14 045 0.52 1.28
SD 334 405 34 52 0.5 0.4 0.18 0.13

Abbreviations: see Table 1. Measurement data: Table S3.

(Smith et al., 2015) and a smaller maximum size (Gravestock
etal., 2001) as opposed to S. napuru. Additionally, S. yorken-
sis is similar to the species S. coronata, S. quadrituberculum,
and S. kurtuju in having divergent delthyrium throughout its
ontogeny, while the latter three species have four tubercles
on their dorsal metamorphic shell (Table 3).

Schizopholis yorkensis was originally established and de-
scribed by Ushatinskaya and Holmer (in Gravestock et al.,
2001) based on specimens from the Parara Formation in
Yorke Peninsula, South Australia. To date, S. yorkensis has
been reported in Australia (Gravestock et al., 2001; Jago et
al., 2006; Betts et al., 2016, 2019), North China (Pan et al.,
2019), and Antarctica (Claybourn et al., 2020). In this paper,
the species is firstly described in the limestones of the Ts-
inghsutung Formation in Songtao County, Guizhou Province,
South China. The specimens are assigned to Schizopholis
yorkensis because the shell is small (maximum length of
1856 um, Table 2), with two tubercles on the dorsal metamor-
phic shell and three on the ventral metamorphic shell, as well
as a well-developed broad and divergent delthyrium through-
out the ontogeny of ventral valve (see Figs. 2-5). The spec-
imens from the Tsinghsutung Formation are much smaller
than S. napuru (maximum length of 7.6 mm, Kruse, 1990;
Liu et al., 2020). The specimens are similar to S. yorkensis
from Australia (Gravestock et al., 2001; Betts et al., 2016,
2019), Antarctica (Claybourn et al. 2020), and North China
(Pan et al., 2019). However, the difference is that it is larger
in terms of the size of the metamorphic shell than the Aus-
tralia specimens (150—160 um, Gravestock et al., 2001) but
similar to those from North China (246—420 um, Pan et al.,
2019) and Australia (330-370 um, Betts et al., 2019). These
results show an overlap with the diameter of the metamor-
phic shell of the specimens from South China (236—459 um,
Tables 1-2).

4.2 Palaeogeographical distribution of Schizopholis

Schizopholis is currently known from Australia (Kruse, 1990,
1991, 1998; Brock and Cooper, 1993; Gravestock et al.,
2001; Jago et al., 2006; Percival and Kruse, 2014; Smith et
al., 2015; Betts et al., 2016, 2019), Antarctica (Holmer et
al., 1996; Claybourn et al., 2020), the Himalaya (Popov et
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al., 2015), Kazakhstan (Koneva, 1986; Holmer et al., 2001;
Popov et al., 2021), South China (Chen et al., 2019; Liu
et al., 2020), and North China (Pan et al., 2019; Hu et al.,
2021) (Fig. 6). Palacogeographical analysis of Schizopholis
indicates that the genus was distributed across East Gond-
wana, South China, North China, and Kazakhstan, with oc-
currences mainly being confined to low-latitude regions (Fig.
6A). Additionally, Schizopholis had a wide temporal distri-
bution, ranging from Cambrian Age 3 to Guzhangian Age
(Fig. 6). Based on the existing records, Schizopholis achieved
the highest diversity level in Australia, where four species
in total have been recognized: S. napuru (Kruse, 1990,
1991, 1998; Brock and Cooper, 1993; Smith et al., 2015),
S. yorkensis (Gravestock et al., 2001; Jago et al., 2006; Betts
etal., 2016, 2019), S. quadrituberculum (Percival and Kruse,
2014), and S. kurtuju (Kruse, 1998) (Fig. 6A). The species S.
yorkensis and S. napuru are also found in Antarctica (Holmer
et al., 1996; Claybourn et al., 2020) and South China (Liu et
al., 2020; this paper) (Fig. 6A), which suggests close palaeo-
biogeographical relationships among South China, Australia,
and Antarctica.

The earliest fossil record of Schizopholis is in the Cam-
brian Age 3, and there is only one species (S. yorkensis) with
reports mainly from Australia (Jago et al., 2006; Betts et al.,
2016) and North China (Pan et al., 2019) (Fig. 6A, B). How-
ever, during the Cambrian Age 4, the genus has a wider dis-
tribution and high diversity (Fig. 6A, B). Specifically, three
species were found in Australia, namely S. yorkensis, S. na-
puru, and S. quadrituberculum (Kruse, 1990, 1991, 1998;
Brock and Cooper, 1993; Gravestock et al., 2001; Jago et al.,
2006; Percival and Kruse, 2014; Smith et al., 2015; Betts et
al., 2019); two species were found in the Himalaya, namely
S. napuru and S. rugosa (Popov et al., 2015); two species
were found in Antarctica, namely S. yorkensis and S. napuru
(Holmer et al., 1996; Claybourn et al., 2020); two species
were found in South China, namely S. yorkensis and S. na-
puru (Liu et al., 2020; this paper), and one species was found
in North China: S. yorkensis (Pan et al., 2019). In contrast, it
shows less widespread distribution and lower diversity dur-
ing the Wuliuan Age (Fig. 6A, B). Specifically, one species
was found in Australia, namely S. kurtuju (Kruse, 1998);
similarly, one species was found in Kazakhstan, namely S.
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Table 3. Comparison of key morphological characteristics of Schizopholis species.

B. Wei et al.: New material of Schizopholis (family Botsfordiidae)

Species S. rugosa S. napuru S. yorkensis S. quadrituber- S. kurtuju S. coronata
characteristic culum
Shell Closely similar Circular Circular or close  Subcircular Subcircular Small,
morphology to S. napuru (maximum know to circular (maximum subcircular to
valve length (length know valve slightly
7.6 mm) 0.7-1.0 mm) length transversely
10.4 mm) suboval
Pits on MS Preserve Preserve Preserve Preserve Preserve Preserve
Tubercle Two Two Two Four Four Four
number of
dorsal MS
Tubercle / Single of high Single of high Single posterior, Single Single
number of posterior, two of  posterior, two of  two anterior posterior, two posterior, two
ventral MS high anterior low anterior anterior anterior
Pustules on Preserve Preserve Preserve Preserve Preserve Preserve
PMS
Concentric / Preserve, more Preserve Occasional Preserve (valve  Preserve
growth lines on obvious when confined to length
PMS valve length posterior 7.0-7.5 mm)
beyond 4.0 mm
Median septum  / Median septum Median ridge Median tongue, Ridgelike, Slender median
(ridge) well-developed extends to ridge
divergent lateral about one-fifth
ridges valve length
Ventral apex More marginal High, located at Strongly High, located at Low, located at  /
position than S. about one-sixth elevated about about 1/10 of
napuru of the ventral one-seventh of the ventral
valve length the valve length valve length
Pedicle groove  / Deep pedicle Deep, forminga  Hemicylindrical Shallower Deep, short;
groove high delthyrium pedicle groove pedicle groove shallower than
opening S. napuru
Late pedicle Convergent Convergent Divergent Divergent Open, Divergent
opening delthyrium but delthyrium but delthyrium delthyrium persistently delthyrium
not completely not completely throughout throughout widening
merged merged ontogeny ontogeny
Reference Popov et al. Kruse (1990, Gravestock et al.  Percival and Kruse (1998) Holmer et al.
(2015) 1998) (2001) Kruse (2014) (2001)

Abbreviations: S. — Schizopholis, MS — metamorphic shell, PMS — post-metamorphic shell.

coronata (Holmer et al., 2001). During the Drumian Age,
the species diversity was even lower, with only one species
being found in Kazakhstan: S. coronata (Holmer et al., 2001)
(Fig. 6A, B). Additionally, an unnamed species of Schizopho-
lis has been recorded in Kazakhstan, with its geological age
ranging from the Cambrian Age 4 to the Wuliuan Age (Popov
et al., 2021) (Fig. 6A, B). In North China, there is also an
unnamed species of Schizopholis that has been found from
the Drumian to the Guzhangian Age (Hu et al., 2021). Based
on the analysis of the distribution of Schizopholis, we found
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that only one species occurred in the Cambrian Age 3, four
species occurred in the Cambrian Age 4, two species oc-
curred in the Wuliuan Age, and only one species occurred
in the Drumian Age. The results show that Schizopholis had
a high diversity during the Cambrian Age 4 (Fig. 6A, B), sug-
gesting that the diversity of the genus had a rapid expansion
trend during this period and then gradually decreased in the
Waliuan to the Guzhangian Age.

https://doi.org/10.5194/jm-45-259-2026



B. Wei et al.: New material of Schizopholis (family Botsfordiidae) 269

*In this paper

[J Guzhuangian
[] Drumian

O Wulivan

O Age4

151
'157

Species number

OAges

Schizopholis yorkensis
Schizopholis napuru
B Schizopholis rugosa
[ Schizopholis kurtuju

B Schizopholis quadrituberculum
WA Schizopholis coronata

South China North China Australia

Antarctica

- T -
Himalaya Kazakhstan

Figure 6. Palacogeographical distribution and diversity of Schizopholis in the Cambrian. (A) Palaecogeographical distribution of Schizopholis
species during the Cambrian Age 3 to the Guzhangian Age: italic numbers represent the abundance of Schizopholis, and roman numbers
indicate the literature numbers (palacogeographic reconstruction is modified from Torsvik and Cocks, 2017; Yang et al., 2015). (B) Diversity
of Schizopholis during the Cambrian Age 3 to the Guzhangian Age. Abbreviations: NC — North China, SC — South China, K — Kazakhstan,
AUS - Australia, AN — Antarctica, HIMA — Himalaya. Literature numbers: (1) Liu et al. (2020), (2) Pan et al. (2019), (3) Hu et al. (2021),
(4) Betts et al. (2019), (5) Jago et al. (2006), (6) Brock and Cooper (1993), (7) Betts et al. (2016), (8) Gravestock et al. (2001), (9) Holmer et
al. (1996), (10) Smith et al. (2015), (11) Kruse (1990), (12) Kruse (1998), (13) Kruse (1991), (14) Percival and Kruse (2014), (15) Popov et
al. (2015), (16) Claybourn et al. (2020), (17) Holmer et al. (2001), (18) Popov et al. (2021).

4.3 Biostratigraphical correlation implications of
Schizopholis

Trilobites play an important role in biostratigraphical corre-
lations in the Cambrian, and well-established trilobite zones
in regions such as South China, North China, Australia, and
the Himalaya effectively facilitate biostratigraphic correla-
tion (Peng et al., 2009; Popov et al., 2015; Zhu et al., 2019;
Zhao et al., 2019; Geyer, 2020) (Fig. 7). However, no trilo-
bite zone has been established in Antarctica (Holmer et al.,
1996). Notably, a brachiopod assemblage, including Eoobo-
lus aff. elatus, Schizopholis napuru, and Vandalotreta djago-
ran, found in glacial erratics from the Miocene glacioma-
rine Cape Melville Formation of King George Island, Antarc-
tica, is closely similar to that from the Wirrealpa and Aroona
Creek Limestones in Australia (Brock and Cooper, 1993;
Holmer et al., 1996). Significantly, Schizopholis and Eoobo-
lus were also recorded in the Shackleton Limestone of the
Byrd Group in the Central Transantarctic Mountains of
Antarctica (Claybourn et al., 2020). Furthermore, Claybourn
et al. (2021) suggested that the small shelly fossil (SSF)
assemblage containing brachiopod from the upper Shackle-
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ton Limestone of the Byrd Group in Antarctica was corre-
lated with the Dailyatia odyssei Zone (SSF) and the trilobite
Pararaia janeae Zone of Australia. Concurrently, the bios-
tratigraphic significance of brachiopods has attracted consid-
erable attention (Popov et al., 2015; Hughes, 2016; Betts et
al., 2017; Pan et al., 2019; Holmes et al., 2025).

Both Schizopholis yorkensis and S. napuru are the most
widely distributed species in this genus. The earliest S.
yorkensis was reported from the trilobite Pararaia tatei zone
of Australia (Jago et al., 2006; Betts et al., 2016, 2017) and
the Xinji Formation of North China (Pan et al., 2019) in
the Cambrian Age 3 (Fig. 7). On the other hand, during
the Cambrian Age 4, S. yorkensis expanded beyond Aus-
tralia (Brock and Cooper, 1993; Gravestock et al., 2001;
Betts et al., 2019) and North China (Pan et al., 2019) to re-
gions such as South China (this study) and Antarctica (Clay-
bourn et al., 2020) (Figs. 6-7). Additionally, S. napuru was
also widespread, identified in Australia (Brock and Cooper,
1993; Kruse, 1990, 1991, 1998; Smith et al., 2015), Antarc-
tica (Holmer et al., 1996), the Lesser Himalaya (Popov et al.,
2015), and South China (Liu et al., 2020), during the Cam-
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Figure 7. The distribution and occurrence horizon of Schizopholis from the Cambrian Stage 3 to Guzhangian (Trilobite zone date from Peng
et al., 2009; Popov et al., 2015; Zhu et al., 2019; Zhao et al., 2019; Geyer, 2020). Abbreviations: AN — Antarctica, SSF — small shelly fossil.

brian Age 4 (Figs. 6-7). In comparison with S. yorkensis, S.
napuru has a shorter stratigraphic range, making it more use-
ful than S. yorkensis for global biostratigraphical correlation.

In Australia, Schizopholis napuru is widespread in vari-
ous locations, including the Tindall Limestone in the Daly
Basin (Kruse, 1990), the Top Springs Limestone and Gum
Ridge Formation in the Georgina Basin (Kruse, 1991, 1998),
the Wirrealpa Limestone in the Arrowie Basin (Brock and
Cooper, 1993), the Montejinni Limestone in the Wiso Basin
(Kruse, 1998), and the Tempe Formation in the Amadeus
Basin (Smith et al., 2015). Holmes et al. (2025) defined a
new organophosphatic brachiopod Schizopholis napuru zone
in Australia, which is equivalent to the trilobite Xystridura
negrina zone. On the other hand, S. napuru has also been
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identified in the Parahio Formation of the Parahio Valley in
the Himalaya within the lower Haydenaspis parvaya zone
(Popov et al., 2015) (Fig. 7). Additionally, Liu et al. (2020)
described S. napuru to be occurring in the trilobite Protoryc-
tocephalus arcticus zone of the Tsinghsutung Formation in
South China (Fig. 7). Moreover, S. napuru is also reported
in glacial erratic boulders within the Cape Melville Forma-
tion on King George Island, Antarctica (Holmer et al., 1996)
(Fig. 7). Thus, the distribution of Schizopholis suggests that
S. napuru may prove to be an important indicator for bios-
tratigraphical correlations within the Cambrian Stage 4 (Fig.
7), especially in those areas where trilobites are absent.
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5 Conclusions

In this study, we systematically described, for the first time,
Schizopholis yorkensis from the Tsinghsutung Formation
(Cambrian Series 2, Stage 4) in Songtao County, Guizhou
Province, South China.

Analysis of the palaecobiogeographical distribution of
Schizopholis shows that this genus is predominantly dis-
tributed at low-latitude regions and reached its highest abun-
dance/diversity level during the Cambrian Age 4. Notably,
results showed the co-occurrence of S. yorkensis and S. na-
puru in Australia, Antarctica, and South China, suggesting
closely palaeobiogeographic relationships among these three
continents.

In addition, both Schizopholis napuru and S. yorkensis are
globally distributed. However, S. napuru has a shorter geo-
logical time range, occurring primarily within the Cambrian
Age 4. Thus, it may provide important support for biostrati-
graphical correlation within this time interval.
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