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Revision of late Katian (Late Ordovician) heliolitine corals from Northern
Kuruktag in northeastern Tarim Basin of China

Yunong Cui and Guangxu Wang

ABSTRACT
The Katian (Late Ordovician) saw the origin and early evolution of heliolitine tabulate corals; how-
ever, the group has not been well depicted owing to the lack of an adequately documented fossil
record from this interval. In this paper, we systematically revise heliolitines from the upper Katian
Hadabulaktag Formation of northern Kuruktag in northeastern Tarim, Xinjiang, China. We examine
previously identified type material and describe new specimens from the type horizon. Our investi-
gation shows that the Tarim heliolitine assemblage includes protoheliolitids Khangailites sinkian-
gensis, Wormsipora sinkiangensis, and Wormsipora orientalis, the plasmoporellids Plasmoporella
subtilis and Plasmoporella maxima, and a proporid Propora squameosa. These taxa compositionally
compare with coeval faunas from the Kazakstan terranes, and more distantly with South China
and Australia.
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THE KATIAN (Late Ordovician) represents the late stage of
the Great Ordovician Biodiversification Event, and witnessed
the emergence and early evolution of heliolitine tabulate
corals (Webby & Kruse 1984, Webby et al. 2004, M~otus &
Zaika 2012). However, heliolitines from this interval are not
well understood because only a few well-documented
records are known from Australia (Dixon & Jell 2012, Zhen
et al. 2017), North America (Webby et al. 2004, Elias et al.
2013), South China (Lin & Chow 1977), Baltica (M~otus &
Hints 2007), and Siberia (Bondarenko & Ulitina 2009).

This study deals with the systematics of late Katian helio-
litines recorded from the Tarim Basin, which are best-repre-
sented by fossils from the Hadabulaktag Formation of
northern Kuruktag in eastern Xinjiang. This assemblage was
previously documented in Chinese by Yu (1960) and Kong
& Song (1990), with a total of five genera and 12 species
recognized. However, the taxa are only briefly described and
poorly illustrated, thus a revision of this material
is necessary.

In this paper, we reassess the late Katian heliolitines
from the Tarim Basin based on the type specimens pub-
lished by Yu (1960), as well as new material from the
same strata. We also discuss their Palaeogeographical
implications.

Institutional abbreviation

NIGP: Nanjing Institute of Geology and Palaeontology,
Nanjing, China.

Anatomical abbreviations

LS: longitudinal section; TS: transverse section; TaD: tabu-
larium diameter; WT: wall thickness; Ta5: number of
tabulae/5mm; Di5: number of coenenchymal dissepi-
ments/5mm.

Geological setting

Fossiliferous rocks of Late Ordovician age are well exposed
in the Kuruktag region of the northeastern Tarim Basin in
Xinjiang, northwestern China (Norin 1937, Zhong & Hao
1990, Zhao et al. 2000, Jia et al. 2004, Zhang & Munnecke
2016) (Fig. 1). In northern Kuruktag, they primarily consist
of carbonates that yield abundant shelly fossils, but are
dominated by siliciclastics toward the south (Zhong & Hao
1990, Zhou et al. 1990).

In northern Kuruktag, the Upper Ordovician succession
includes the Sailikdaban (in part), Uligezitag and
Hadabulaktag formations (Zhong & Hao 1990, Zhang &
Munnecke 2016). The heliolitine fossils were collected from
the Hadabulaktag Formation (Fig. 2). This unit consists of
dark-gray calcareous mudstones and argillaceous limestones
that produce corals, brachiopods, cephalopods, trilobites,
conodonts, and bryozoans. The conodonts correlate with the
Aphelognathus pyramidalis Biozone (Zhong & Hao 1990),
which is comparable with the Dicellograptus complanatus
graptolite Biozone of late Katian age (Chen et al. 2012,
Zhang & Munnecke 2016). This is consistent with cono-
donts from the underlying Uligezitag Formation, which cor-
relate with the Yaoxianognathus kuruktagensis,� 2021 Geological Society of Australia Inc., Australasian Palaeontologists
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Yaoxianognathus ‘dolboricus’, and Y. xinjiangensis biozones
of middle Katian age (Zhong & Hao 1990).

The heliolitines described by Yu (1960) were obtained
from a section of 260m thick thin-bedded marlstones in the
Uligezitag region, which form part of the Hadabulaktag
Formation (Xinjiang Stratigraphic Group 1981, Zhong &
Hao 1990). The samples include 13 hand specimens and 26
thin-sections. Only the three specimens assigned to
Plasmoporella intermedia Yu, 1960 are insufficiently well
preserved for taxonomic reassessment. We also recovered

seven hand specimens and have made 14 thin-sections of
new specimens from this same horizon.

Faunal composition and biogeographical
implications

We have revised the late Katian heliolitine corals previously
identified by Yu (1960) and Kong & Song (1990) to include
the protoheliolitids Khangailites sinkiangensis (Yu, 1960),
Wormsipora sinkiangensis Yu, 1960 and Wormsipora orienta-
lis (Yu, 1960), the plasmoporellids Plasmoporella subtilis Yu,
1960 and Plasmoporella maxima (Yu, 1960), and a proporid
Propora squameosa (Yu, 1960) (Table 1).

Heliolitines of a similar age have been previously docu-
mented from the Ordovician Gondwanan regions of
Kazakhstan, South China, and Australia (Fig. 3). Among
these, the Tarim Basin assemblage shows closest affinity
with those from Kazakstan. A similar heliolitine-dominated
coral fauna is also known from the Katian Dulankara
Formation of the Chu-Ili Terrane in southern Kazakhstan
(Bondarenko 1958, 1992), and it incorporates Plasmoporella
Kiaer, 1899 as the main component with some species bear-
ing bifurcated septa like P. maxima and P. subtilis from the
Hadabulaktag Formation. In the Junggar area of northwest-
ern Xinjiang, which is also part of the Kazakhstan terranes,
late Katian corals characteristically include Plasmoporella
with bifurcated septa, with P. maxima common in both
assemblages (Lin & Wang 1985, 1986, Deng 1999).

Figure 1. Maps showing the locality (red triangle) of the material studied in this paper.

Figure 2. Stratigraphical occurrence of heliolitine corals examined in this study.
See the text for discussion.
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In South China, diverse tabulate corals of late Katian age
are well documented from the Sanqushan Formation of the
Jiangshan-Yushan-Changshan area in southeastern China
(Lin & Chow 1977). The heliolitines comprise Plasmoporella,
Heliolites Dana, 1846 and Wormsipora Sokolov, 1955; how-
ever, Khangailites Bondarenko & Minzhin, 1980 is absent,
and examples of Plasmoporella lack bifurcated septa.

Australian late Katian heliolitine corals are represented by
the IIIb fauna of Queensland and New South Wales, which
is typified by Heliolites, Navoites Leleshus & Ospanova,
1979, and Plasmoporella (Dixon & Jell 2012, Zhen et al.
2017, Wang et al. 2020), with the latter taxon lacking bifur-
cated septa and thus differing from the Tarim Basin
Hadabulaktag Formation occurrences.

Systematic palaeontology

Morphological terminology follows Hill (1981) and Dixon &
Jell (2012). Biometrics follow Young & Elias (1995).

Class ANTHOZOA Ehrenberg, 1834
Subclass TABULATA Milne-Edwards & Haime, 1850

Order HELIOLITIDA Frech, 1897
Family PROHELIOLITIDAE Kiaer, 1899

Khangailites Bondarenko & Minzhin, 1980

Type species. Khangailites heteromorphosus Bondarenko &
Minzhin, 1980.

Remarks. Several forms show close similarity to Khangailites
in exhibiting poorly developed coenenchyme, including
Linhuangites Bondarenko, 1992, Kiaerolites Bondarenko,
1977, Protoheliolites Bondarenko, 1977, Mcleodea Flower &
Duncan, 1975, and Wormsipora Sokolov, 1955. Both
Linhuangites and Kiaerolites can be separated from
Khangailites by their better developed septal plates.
Linhuangites further differs in the existence of an ‘aulo’
formed by the fusion of their twisted axial septal ends.
Protoheliolites has downwardly or subhorizontally directed
septal spines, which are absent in Khangailites. Mcleodea is
distinguished from Khangailites by possessing an entirely
dissepimental coenenchyme. Wormsipora also differs from
Khangailites in its apparently better developed septal spines
and more incomplete tubular walls.

Khangailites sinkiangensis (Yu, 1960)
(Figs 4A–F, 5A–E, 6A–F)

1960 Heliolites sinkiangensis Yu, p. 85, pl. 9, figs 1�3, pl.
10, figs 3, 4.

1963 Heliolites sinkiangensis Yu; Yu et al., pp. 293, 294, pl.
92, fig. 1a, b.

1979 Heliolites cf. sinkiangensis Yu; Deng & Li, p. 10, pl.
6, fig. 5.

1980 Khangailites sinkiangensis Yu; Bondarenko &
Minzhin, p. 41, pl. 4, figs 1�3.

Table 1. Revision of heliolitine corals from the Hadabulaktag Formation
(upper Katian) of northern Kuruktag, northeastern Tarim Basin.

Original identifications This paper

Yu (1960)
Heliolites sinkiangensis Khangailites sinkiangensis
Proheliolites squmeosus Propora squmeosa
Pr. orientalis Wormsipora orientalis
Pr. convexus W. orientalis
Plasmoporella subtilis Plasmoporella subtilis
Pl. convexotabulata var. maxima Pl. maxima
Pl. intermedia Pl. subtilis
Wormsipora sinkiangensis Wormsipora sinkiangensis
Kong & Song (1990)
Plasmoporella camptolithusoides Plasmoporella subtilis
Pl. convexotabulata maxima Pl. maxima
Pl. granulosa Pl. maxima
Neowormsipora xinjiangensis Wormsipora sinkiangensis

Figure 3. Katian (Late Ordovician) palaeogeographical map, modified from Torsvik & Cocks (2013). Blue asterisks indicate the blocks mentioned in the text.
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1981 Khangailites sinkiangensis Yu; Bondarenko &
Minzhin, p. 106, pl. 18, figs 1�3, text-fig. 29.

?2004 Khangailites cf. sinkiangensis (Yu, 1960), White &
Yang, p. 55, pl. 16, fig. 5a, b.

Diagnosis. Khangailites with tabularium diameters
0.84�1.17mm; septa variably developed, which can be
absent, short, or composed of septal spines; tabulae com-
plete; coenenchyme poorly developed, with corallite centers
1.50�1.92mm apart.

Referred material. Holotype, NIGP10423 (TS) and
NIGP10424 (LS); paratype, NIGP10431 (TS) and
NIGP10432 (LS); four topotypes, NIGP174356, NIGP174357,
NIGP174358, NIGP174359.

Type locality, unit and age. Northern Kuruktag (Tarim
Basin), Xinjiang, China. Hadabulaktag Formation, upper
Katian, Upper Ordovician.

Description. The holotype is of low domical form, 113.8mm
wide and 60mm high; the paratype has a high domical form
with a width of 82mm and height of 57mm. Corallites
rounded to subrounded, tabularium diameter varies from
0.84 to 1.17mm (average ¼ 1.06mm). Walls smooth or
slightly wavy, 0.04�0.10mm thick (average ¼ 0.07mm).
Septa variably developed, which can be absent, short, or
composed of septal spines. Tabulae complete, horizontal or
slightly concave, Ta5 10�12. Corallites in contact or sepa-
rated by 1 to 5 rows of coenenchymal tubules with corallite
centers 1.50�1.92mm apart (average ¼ 1.68mm).
Coenenchyme consisting of prismatic tubules ranging from
0.28 to 0.46mm in diameter with each corallite surrounded
by 12 to 14 tubules. Diaphragms complete, generally hori-
zontal, 18�20 per 5mm (Table 2).

Remarks. Khangailites sinkiangensis was originally assigned
to Heliolites by Yu (1960), presumably based on the tubular

Figure 4. Khangailites sinkiangensis. A–D, holotype. A, B, NIGP10423, TSs; C, D, NIGP10424, LSs. E, F, paratype. E, NIGP10431, TS; F, NIGP10432, LS. The arrows in A,
D, E, and F indicate incomplete tubular walls. Scale bars represent 2mm unless otherwise indicated.
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coenenchyme, although this is weakly developed. We follow
Bondarenko (1992) in referral to Khangailites because of the
incomplete tubular walls. Khangailites sinkiangensis is dis-
tinct from the type species, K. heteromorphosus Bondarenko
& Minzhin, 1980, in its better developed and complete tubu-
lar walls, and more widely spaced corallites.

Deng & Li (1979) recorded Heliolites cf. sinkiangensis
from the Upper Ordovician of Qilian, Qinghai in

northwestern China. Their material is virtually identical to
the holotype of K. sinkiangensis, except in its more widely
spaced corallites; we therefore treat the specimens as conspe-
cific. The K. sinkiangensis fossils identified from central
Mongolia by Bondarenko & Minzhin (1980, 1981) only dif-
fer in their more incomplete tubular walls. Khangailites cf.
sinkiangensis from Upper Ordovician of Shalloch Mill in
Girvan, Scotland only differs in having larger corallites

Figure 5. Khangailites sinkiangensis. A–C, NIGP174356, topotype. A, TS; B, C, LSs. D, E, NIGP174357, topotype. D, TS; E, LS. The arrows in a and B indicate incomplete
tubular walls. All scale bars represent 2mm.
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(1.15�1.30mm in diameter) and more strongly concave tab-
ulae (White & Yang 2004).

Protoheliolites tenuis Sokolov, 1949 described by Kong &
Song (1990) from the middle Katian Uligezitag Formation
lacks the distinctively downwardly directed septal spines of
Protoheliolites, but has poorly developed coenenchyme typ-
ical of Khangailites and is therefore attributed to this genus.
It is distinguished from K. sinkiangensis by possessing larger
corallites (0.8�1.6mm in diameter).

Wormsipora Sokolov, 1955

?1977 Neowormsipora Lin & Chow, p. 172.

Type species. Heliolites hirsutus Lindstr€om, 1899.

Remarks. Wormsipora is characterized by well-developed
septal spines and incomplete tubular walls (a new feature
identified herein). Wormsipora may be synonymous with
Neowormsipora Lin & Chow, 1977 from the upper Katian
Sanqushan Formation of southeastern China, but which dif-
fers in its better developed incomplete tubular walls and
hence more dissepiments in the coenenchyme. Propora
Milne-Edwards & Haime, 1849 and Acdalopora Bondarenko,
1958, both have similarly well-developed septal spines, but
can be distinguished from Wormsipora by their dissepimen-
tal coenenchyme. Propora further differs by possessing more
widely spaced corallites, and Acdalopora by having sep-
tal plates.

Wormsipora has been variously assigned to Taeniolitidae
(Hill 1981, White & Yang 2004) or Proporidae (Lin et al.

Figure 6. Khangailites sinkiangensis. A–D, NIGP174358, topotype. A, B, TSs; C, D, LSs. E, F, NIGP174359, topotype. E, TS; F, LS. All scale bars represent 2mm unless
otherwise indicated.
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1988, Bondarenko 1992). However, considering that the
genus has weakly developed coenenchyme, we attribute it to
Proheliolitidae.

Wormsipora sinkiangensis Yu, 1960
(Fig. 7A–F)

1960 Wormsipora sinkiangensis Yu, p. 86, pl. 12, figs 1, 2.
1963 Wormsipora sinkiangensis Yu; Yu et al., p. 297, pl.

94, fig. 3a, b.
1979 Wormsipora cf. sinkiangensis Yu; Deng & Li, p. 11,

pl. 6, fig. 6.
?1990 Neowormsipora xinjinagensis Kong & Song, p. 160,

pl. 30, fig. 1.

Diagnosis. Wormsipora with tabularium diameters
1.51�1.72mm; septa consisting of strongly upwardly
directed spines extending almost to the axis; corallite centers
1.50�1.92mm apart.

Referred material. Holotype, NIGP10443 (TS) and
NIGP10444 (LS); topotype, NIGP174360.

Type locality, unit and age. Northern Kuruktag (Tarim
Basin), Xinjiang, China. Hadabulaktag Formation, upper
Katian, Upper Ordovician.

Description. The holotype is hemispherical. Corallites
rounded or slightly stellated, with tabularium diameters vary-
ing from 1.51 to 1.72mm (average ¼ 1.62mm). Walls
0.05�0.09mm thick (average ¼ 0.07mm), moderately to
strongly plicated, and sometimes extending into coenen-
chyme. Septa 12 in number, long, almost extending to the
axis; consisting of continuous narrow plates with spines
developed along their inner edges. Septal spines strongly
inclined upwardly and shown as dark dots in TS (Fig. 7A,D).
Tabulae complete, rarely incomplete, moderately to strongly
convex, Ta5 14�16. Corallite centers 1.50�1.92mm apart

(average ¼ 1.68mm). Coenenchyme consisting of tubules
with incomplete walls. Dissepiments 0.24�0.68mm wide
(average ¼ 0.42mm), mostly 18�20 per 5mm (Table 2).

Remarks. Wormsipora sinkiangensis is differentiated from all
congeneric species by possessing an almost entirely dissepi-
mental coenenchyme and dense tabulae. Wormsipora sin-
kiangensis was attributed to Acdalopora by Bondarenko
(1992); however, we retain this form within Wormsipora
owing to the presence of tubules. Material described by
Deng & Li (1979) as Wormsipora cf. sinkiangensis from the
Upper Ordovician of Qilian, Qinghai in northwestern China
is consistent with W. sinkiangensis. Neowormsipora xinjina-
gensis Kong & Song, 1990 is also probably synonymous with
W. sinkiangensis and has been recorded from the same
locality and horizon. Neowormsipora xinjinagensis differs
only in having a larger corallite size (1.8�2.0mm in diam-
eter) and more widely spaced tabulae.

Womsipora orientalis (Yu, 1960) shares long septal spines
and poorly developed coenenchyme with W. sinkiangensis.
However, it differs in having a much smaller corallite size
(1.24�1.56mm in diameter), thicker corallite walls, and
sparser septal spines. Lin & Chow (1977) described
Womsipora shiyangensis Lin & Chow, 1977 and Womsipora
maxima Lin & Chow, 1977 from the upper Katian
Sanqushan Formation in Zhejiang, southeastern China.
These species both share a poorly developed coenenchyme
with W. sinkiangensis, but W. shiyangensis differs in having
much shorter septa and much denser tabulae, while W.
maxima has much larger corallites (1.8�1.9mm in diam-
eter) and shorter septa (Lin & Chow 1977).

Wormsipora orientalis (Yu, 1960)
(Figs 8A–F, 9A–D)

1960 Proheliolites orientalis Yu, p. 90, pl. 11, figs 1–4, 7.
1960 Proheliolites convexus Yu, p. 91, pl. 11. figs 5, 6.
1963 Proheliolites orientalis Yu; Yu et al., p. 94, fig. 5a, b.
1963 Proheliolites convexus Yu; Yu et al., p. 304, fig. 6a, b.

Table 2. Biometric data on protoheliolitids described in this paper.

TaD WT Ta5 Di5

Khangailites sinkingensis (Yu, 1960)
Minimum 0.84 0.04 10 18
Maximum 1.17 0.1 12 20
Range of colony means 0.88–1.15 0.05–0.08 10.4–11.5 19–19.5
Mean 1.02 0.07 10.95 19.25
No. of measurements 49 40 27 21
No. of specimens studied 6 6 6 6
Wormsipora sinkingensis (Yu, 1960)
Minimum 1.51 0.05 14 18
Maximum 1.72 0.09 16 20
Range of colony means 1.55–1.64 0.06–0.08 14–15 18.5–18.8
Mean 1.60 0.07 14.5 18.65
No. of measurements 28 24 11 8
No. of specimens studied 2 2 2 2
Wormsipora orientalis (Yu, 1960)
Minimum 1.24 0.11 10 18
Maximum 1.56 0.22 18 22
Range of colony means 1.38–1.53 0.14–0.21 11–16.7 19–22
Mean 1.46 0.18 13.85 20.5
No. of measurements 31 27 10 9
No. of specimens studied 3 3 3 3
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Diagnosis. Wormsipora with TDs 1.24�1.56mm; septal spines
numerous, moderately upwardly curved; corallites in contact
or narrowly separated, with their centers 1.33�2.42mm apart.

Referred material. Holotype, NIGP10437 (TS) and
NIGP10438 (LS); paratype, NIGP10439 (TS) and
NIGP10440 (LS); NIGP10441 (TS) and NIGP10442 (LS),

Figure 7. Wormsipora sinkiangensis. A–C, holotype. A, NIGP10443, TS; B, C, NIGP10444, LSs. D–F NIGP174360, topotype. D, TS; E, F, LSs. All scale bars represent 2mm.
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originally designated as the holotype of Proheliolites con-
vexus Yu, 1960.

Type locality, unit and age. Northern Kuruktag (Tarim
Basin), Xinjiang, China. Hadabulaktag Formation, upper
Katian, Upper Ordovician.

Description. The holotype is of high domical form, measur-
ing 24mm wide and 23mm high; the specimen, NIGP
10441 (TS) and NIGP10442 (LS), has a low domical form,
with a width of 17.5mm and a height of 11mm. Corallites
rounded and subrounded, tabularium diameters varying
from 1.24 to 1.56mm (average ¼ 1.40mm). Walls
0.11�0.22mm thick (average ¼ 0.17mm), slightly wavy.
Septa 12, each consisting of a series of discrete spines. Septal
spines numerous, moderately upwardly curved, shown as

dark dots in TS (Fig. 8E). Tabulae complete, horizontal, or
slightly convex or concave, Ta5 10�18. Corallites in contact
or separated by narrow coenenchyme, with their centers
1.33�2.42mm apart (average ¼1.88mm). Coenenchyme
consisting of strongly arched dissepiments. Dissepiments
0.16�0.41mm wide (average ¼ 0.29mm), 18�22/5mm
(Table 2).

Remarks. Original placement of Wormsipora orientalis
within Protoheliolites by Yu (1960) was based on its weakly
developed coenenchyme. However, the well-developed septal
spines and incomplete tubular walls are consistent with
Wormsipora. Wormsipora convexus Yu, 1960 is likely a jun-
ior synonym W. orientalis based on its comparable corallite
size and septal development, but has more strongly con-
vex tabulae.

Figure 8. Womsipora orientalis. A–D, holotype. A, B, NIGP10437, TSs; C, D, NIGP10438, LSs. E, F paratype. E, NIGP10439, TS; F, NIGP10440, LS. All scale bars represent
2mm.
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Neowormsipora jiangxiensis from the upper Katian
Sanqushan Formation (Lin & Chow 1977) is also similar to
W. orientalis, but differs in its larger corallite size
(1.7–1.8mm in diameter) and better developed septal spines.

Family PROPORIDAE Sokolov, 1949

Propora Mile-Edwards & Haime, 1849

Type species. Porites tubulata Lonsdale, 1839.

Propora squameosa (Yu, 1960)
(Fig. 10A–D)

1960 Proheliolites squameosa Yu, pp. 90, 91, pl. 10, figs
1, 2.

1963 Proheliolites squameosa Yu; Yu et al., pp. 303, 304,
pl. 94, fig. 7a, b.

1985 Propora densa Lin & Wang, p. 353, pl. 3, fig. 3a, b.

Diagnosis. Propora with tabularium diameters
1.38�1.73mm, and with short septal spines; corallite centers
1.22�1.55mm apart, separated by narrow dissepimental
coenenchyme.

Referred material. Holotype, NIGP10429 (TS) and
NIGP10430 (LS).

Type locality, unit and age. Northern Kuruktag (Tarim
Basin), Xinjiang, China. Hadabulaktag Formation, upper
Katian, Upper Ordovician.

Description. The holotype of hemispherical form, measuring
160mm wide and 90mm high. Corallites rounded or slightly
stellated; tabularium diameters varying from 1.38 to
1.73mm (average ¼ 1.52mm). Walls slightly crenulated,
0.15�0.27mm thick (average ¼ 0.20mm). Each corallite
having 12 low septal spines with lengths one-eighth the tab-
ularium diameters. Tabulae complete, horizontal or slightly
convex, Ta5 10�12. Corallites in contact or separated by
narrow coenenchyme, with corallite centers 1.22�1.55mm
apart (average ¼ 1.34mm). Coenenchyme consisting of
overlapping small domed dissepiments. Dissepiments
0.25�0.49mm wide (average ¼ 0.39mm), mostly 15�18 per
5mm (Table 3).

Remarks. Propora squameosa was referred to Protoheliolites
by Yu (1960), and Khangailites by Bondarenko (1992); how-
ever, the presence of dissepimental coenenchyme justifies
our generic designation as Propora.

Propora densa Lin & Wang, 1985, from the Katian
Jiabosaer Formation of Jiabosaer in northern Xinjiang has
comparable coenenchyme and corallite size (1.2–1.7mm in
diameter), but differs from P. squameosa in its less devel-
oped septa and coenenchyme; nonetheless, we consider these
species synonymous.

Propora proheliolitoides Barskaya, 1965, from Upper
Ordovician strata along the upper Kaindy-Odru River in
Gornyy Altay, and Propora jiabosarensis Lin & Wang, 1981
from the Jiabosaer Formation show closest similarity to P.
squameosa, particularly in their rare development of

Figure 9. Womsipora orientalis. A–D, holotype of Proheliolites convexus. A, B, NIGP10441, TSs; C, D, NIGP10442, LSs. All scale bars represent 2mm.
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coenenchyme. Propora proheliolitoides is distinguished by
smaller corallite size (1.1–1.3mm in diameter) and the
absence of septa; P. jiabosarensis differs in its much larger
corallites (2.2–2.7mm in diameter) and less developed septa.
Family PLASMOPORELLIDAE Kiaer, 1903

Plasmoporella Kiaer, 1899

Type species. Plasmoporella convexotabulata forma typica
Kiaer, 1899.

Plasmoporella subtilis Yu, 1960

(Figs 11A–G, 12A–H)
1960 Plasmoporella subtilis Yu, pp. 87, 88, pl. 12, figs 3, 4.
1960 Plasmoporella intermedia Yu, pp. 88, 89, pl. 12, fig. 5,

pl. 14, figs 1�4, p. 15, fig. 6.
1963 Plasmoporella subtilis Yu; Yu et al., pp. 300, 301, pl.

93, fig. 3a, b.
1963 Plasmoporella intermedia Yu; Yu et al., pp. 301, 302,

pl. 94, fig. 1a, b.
?1986 Plasmoporella intermedia Yu; Lin & Wang, p. 54, pl.

9, fig. 6a, b.
1990 Plasmoporella subtilis Yu; Kong & Song, p. 157, pl.

29, fig. 3a, b.

?1990 Plasmoporella camptolithusoides Kong & Song, pp.
157, 158, pl. 28, fig. 3.

Figure 10. Propora squameosa. A–D, holotype. A, B, NIGP10429, TSs; C, D, NIGP10430, LSs. The arrow in D indicate dissepimental coenenchyme. All scale bars repre-
sent 2mm.

Table 3. Biometric data on plasmoporellids and a proporid described in
this paper.

TaD WT Ta5 Di5

Propora squmeosa (Yu, 1960)
Minimum 1.38 0.15 10 15
Maximum 1.73 0.27 12 18
Mean 1.52 0.2 11 16.7
No. of measurements 12 11 5 4
No. of specimens studied 1 1 1 1
Plasmoporella subtilis (Yu, 1960)
Minimum 2.59 – 10 16
Maximum 3.44 – 16 22
Range of colony means 2.86–3.11 – 11–15.7 17–20.3
Mean 2.99 – 13.35 18.65
No. of measurements 31 – 15 10
No. of specimens studied 5 – 5 5
Plasmoporella maxima (Yu, 1960)
Minimum 2.21 – 10 18
Maximum 2.64 – 14 24
Range of colony means 2.42–2.59 – 11.3–13.3 19–21.5
Mean 2.51 – 12.3 20.25
No. of measurements 21 – 10 9
No. of specimens studied 3 – 3 3
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Diagnosis. Species of Plasmoporella with tabularium diame-
ters 2.59�3.44mm; corallite centers 2.32�3.74mm apart;
septa slender, bifurcated but without laterally contiguous
bases, projecting adaxially as much as one-sixth the tabula-
rium diameter; coenenchyme consisting of small convex
dissepiments.

Referred material. Holotype, NIGP10445 (TS) and
NIGP10446 (LS); NIGP10456 (TS) and NIGP10457 (LS),
NIGP10458 (TS) and NIGP10459 (LS), originally designated

as holotype and paratype of Plasmoporella intermedia Yu,
1960; two other topotypes, NIGP10447 (TS) and NIGP10465
(LS), NIGP174361.

Type locality, unit and age. Northern Kuruktag (Tarim
Basin), Xinjiang, China. Hadabulaktag Formation, upper
Katian, Upper Ordovician.

Description. The holotype is of an irregular form, measuring
65mm wide and 120mm high. The specimens, NIGP10456

Figure 11. Plasmoporella subtilis. A–E, holotype. A–C, NIGP10445, TSs; D, E, NIGP10447, LSs. F, G, NIGP174361, topotype. F, TS; G, LS. The arrows in C and F indicate
bifurcated septa. Scale bars represent 2mm unless otherwise indicated.
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(TS) and NIGP10457 (LS), and NIGP10458 (TS) and
NIGP10459 (LS) are hemispherical to spherical with a width
of 50�105mm and height of 55�58mm. Corallites slightly
stellated with tabularium diameters ranging from 2.59 to

3.44mm (average ¼ 3.02mm). Corallite walls defined largely
by downturned margins of coenenchymal dissepiments.
Twelve slender septa with a maximum width of
0.34�0.53mm; generally with bifurcated bases extending

Figure 12. Plasmoporella subtilis. A–D, holotype of Plasmoporella intermedia. A, B, NIGP10456, TSs; C, D, NIGP10457, LSs. E, F, paratype of Plasmoporella intermedia.
E, NIGP10458, TS; F, NIGP10459, LS. G, H, topotype of Plasmoporella intermedia. G, NIGP10447, TS; H, NIGP10465, LS. The arrows in B, E and G indicate bifurcated
septa. All scale bars represent 2mm.

190 YUNONG CUI AND GUANGXU WANG LATE ORDOVICIAN HELIOLITINE CORALS



into coenenchyme. Septa elongate radially, 0.44�0.68mm
long (average ¼ 0.55mm); some extending as much as one-
sixth the tabularium diameter. Tabulae complete or incom-
plete, subhorizontal, moderately to strongly convex; Ta5
10�16. Corallite centers 2.32�3.74mm apart (average ¼
3.03mm). Intercorallite spaces filled with coenenchyme of
small convex dissepiments. Dissepiments adjacent to coral-
lites smaller with widths 0.22�0.42mm (average ¼
0.32mm), medially large and wider (0.64�0.99mm; average

¼ 0.78mm). The number of dissepiments in 5mm 16�22
(Table 3).

Remarks. Plasmoporella subtilis is typified by the consist-
ent development of bifurcated septa (not mentioned by
Yu 1960), which might be diagnostic at genus level.
Kong & Song (1990) described P. subtilis from the mid-
dle Katian Yuanbaoshan Formation of Yaerdang in the
southern Kuruktag, but their material differs only in

Figure 13. Plasmoporella maxima. A–C, holotype. A, NIGP10461, TS; B, C, NIGP10462, LSs. D, E, paratype. D, NIGP10463, TS; E, NIGP10464, LS. All scale bars represent
2mm.
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possessing more closely spaced tabulae. Lin & Wang
(1986) reported Plasmoporella intermedia from the Upper
Ordovician Bulongor Formation of Hobuksar in north-
western Xinjiang, but we tentatively assign it to P. subti-
lis. Plasmoporella camptolithusoides Kong & Song, 1990,
also from the Hadabulaktag Formation differs in having
slightly smaller corallite size (2.2�2.8mm in diameter),
but is also likely synonymous.

Plasmoporella maxima is distinguished from P. subtilis in
having stouter and more weakly bifurcated septa, and
smaller corallite size (2.21�2.64mm in diameter).

Plasmoporella maxima (Yu, 1960)

(Figs 13A–E, 14A–C)

1960 Plasmoporella convexotabutate var. maxima Yu, p. 88,
pl. 15, figs 1–3, 4, 5.

1963 Plasmoporella convexotabutate var. maxima Yu; Yu
et al., p. 301, pl. 94, fig. 2a, b.

1977 Plasmoporella convexotabutate maxima Yu; Lin &
Chow, p. 191, pl. 60, figs 1a, b, 2a, b.

1981 Plasmoporella convexotabutate maxima Yu; Lin &
Wang, p. 70, 71, pl. 36, fig. 4a, b.

1982 Plasmoporella convexotabutate var. maxima Yu; Li &
Lin, p. 90, pl. 28, fig. 2a, b.

1985 Plasmoporella convexotabutate maxima Yu; Lin, p.
121, pl. 2, fig. 2a, b.

1986 Plasmoporella convexotabutate maxima Yu; Lin &
Wang, p. 53, pl. 9, fig. 4a, b.

1986 Plasmoporella pseudoproporoides Lin & Wang, p. 52,
pl. 8, fig. 3a, b.

?1990 Plasmoporella convexotabutate maxima Yu; Kong &
Song, p. 156, pl. 28, fig. 1a, b.

1990 Plasmoporella granulosa (Bondarenko); Kong &
Song, p. 157, pl. 27, fig. 4.

?1999 Plasmoporella cf. convexotabutate maxima Yu; Deng,
p. 232, pl. 36, fig. 2, pl. 37, fig. 2.

Diagnosis. Species of Plasmoporella with tabularium diame-
ters 2.21�2.64mm; septa commonly wedge-shaped with
slightly bifurcated bases, extending as much as one-seventh
the tabularium diameter; corallite centers 2.52�3.38mm
apart; coenenchyme consisting of well-developed
dissepiments.

Referred material. Holotype, NIGP10461 (TS) and
NIGP10462 (LS); paratype, NIGP10463 (TS) and
NIGP10464 (LS); topotype, NIGP174362.

Type locality, unit and age. Northern Kuruktag (Tarim
Basin), Xinjiang, China. Hadabulaktag Formation, upper
Katian, Upper Ordovician.

Description. The holotype is of low domical form, measur-
ing 130mm wide and 100mm high. Corallites slightly stel-
lated, tabularium diameters 2.21�2.64mm (average ¼
2.43mm). Corallite walls defined largely by downturned
margins of coenenchymal dissepiments. Septa consisting of

Fig. 14. Plasmoporella maxima. A–C, NIGP174362, topotype. A, TS; B, C, LSs. All scale bars represent 2mm.
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thick trabeculae, commonly wedge-shaped, with or without
slightly bifurcated bases, 0.28�0.44mm long (average ¼
0.35mm), extending one-seventh the tabularium diameters.
Tabulae complete, mainly subhorizontal or slightly convex,
Ta5 10�14. Corallite centers 2.52�3.38mm apart (average
¼ 2.82mm). Spaces between corallites occupied by coenen-
chymal dissepiments, with those immediately surrounding
each corallite strongly convex. Dissepiments 0.22�0.46mm
wide (average ¼ 0.35mm), 18�24 per 5mm (Table 3).

Remarks. Yu (1960) originally described Plasmoporella max-
ima as a variety of Plasmoporella convexotabulata Kiaer,
1899, but it differs in having larger corallite size and shorter
septa, which we consider sufficient to define a separ-
ate species.

Plasmoporella convexotabutate maxima from the upper
Katian Sanqushan Formation in Jiangxi (Lin & Chow 1977),
middle Katian Beiguoshan Formation of Longxian in Shanxi
(Li & Lin 1982), Katian Bulongor Formation of Hobuksar in
northwestern Xinjiang (Lin & Wang 1981, 1986), Upper
Ordovician strata at Ejin Banner in Inner Mongolia (Lin
1985), and the Hadabulaktag Formation (Kong & Song
1990) are all synonymous with P. maxima, with the
Hadabulaktag Formation specimens having smaller corallites
(2.0�2.4mm in diameter). Deng (1999) also recorded
Plasmoporella cf. convexotabutate maxima from the
Bulongor Formation, which has much smaller corallite size
(2.0�2.2mm in diameter).

Plasmoporella granulosa Bondarenko, 1958 described by
Kong & Song (1990) may also be attributable to P. maxima
based on its comparable corallite size and septal develop-
ment, but has longer septa. Likewise, Plasmoporella pseudo-
proporoides Lin & Wang, 1986 from the Bulongor
Formation differs only in possessing slightly smaller coral-
lites (1.8�2.6mm) and sparser tabulae (Ta5¼ 8�10).

Plasmoporella shiyanshanensis Lin & Chow, 1977 from
the Sanqushan Formation shows comparable septal develop-
ment to P. maxima, but differs in its much smaller corallites
(1.3�1.5mm in diameter) and better developed coenen-
chyme. Plasmoporella diffita Lin & Wang, 1985 from the
Upper Ordovician Gabosar Formation of Gabosar in north-
ern East Junggar, Xinjiang is also distinguished by smaller
corallites (1.5�2.0mm), better developed coenenchyme, and
more concave tabulae. Plasmoporella qiakuertensis Lin &
Wang, 1985, again from the Gabosar Formation, otherwise
differs in its larger corallites (3�3.5mm in diameter).
Finally, Plasmoporella bifida Bondarenko, 1958 and
Plasmoporella grandis Bondarenko, 1958 from the Upper
Ordovician Dulankara horizon of the Chu-Ili Terrane in
southern Kazakhstan can be distinguished from P. maxima
by their longer septa and much larger corallites (2.75�3mm
and 3�4.5mm in diameter); P. bifida also possesses cys-
tose tabulae.
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