
Siliceous sponge spicules from the Permian Gufeng Formation in Wuhan, Hubei 
Province, China

Abstract

This article presents images of siliceous sponge spicules from the 
Permian Gufeng Formation of the Yujiashan section in Wuhan, Hubei 
Province, China. Several forms of spicules were observed on etched 
surfaces of spicule-bearing rock samples and residues within prepared 
slides. The etched surfaces appeared to be spicule-supported. Most 
spicules were parallel to the bedding planes, whereas no clear preferred 
orientation on the bedding planes was recognized. The spicule 
assemblage was characterized by dominant monaxons and common 
rhaxes, with rare acanthostyles, orthotriaenes?, protriaenes, and 
polyaxons. Most spicules had smooth surfaces but a few spicules were 
characterized by being small spinous and branching. The assemblage 
characteristics imply that these spicules derived from demosponges. 
This differs from the previously reported sponge fauna (hexactinellid-
dominant) in the Gufeng Formation in Chaohu, Anhui Province. Thus, 
the present results indicate morphological variation of sponge 
assemblages in the Gufeng Formation, suggesting that the sponge 
assemblages differ by age and/or location.
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Introduction

The Permian Gufeng Formation in South China 
mainly comprises siliceous and muddy rocks (e.g., 
Bureau of Geology and Mineral Resources of Hubei 
Province, 1996). Despite several studies focusing on 
Permian radiolarians from this formation (e.g., Sheng 
and Wang, 1985; Kametaka et al., 2009; Ito et al., 2013a), 
few have described siliceous sponge spicules. Of these, 
even fewer studies have shown images and/or 
photomicrographs of siliceous sponge spicules. 

Siliceous sponge spicules vary in size and form; 
therefore, picking up of spicules from residues may be 
influenced by sample treatment. Kuwahara and 
Kakuwa (2004) highlighted the inconsistency of spicule 
amounts between residues and etched surfaces of 
Cisuralian–Guadalupian (Lower–Middle Permian) 
pelagic bedded cherts of the Ohmori section in Tamba, 

southwest Japan. Observing etched surfaces is, 
therefore, an effective method for assessing spicules. 

We obtained siliceous sponge spicules from the 
Gufeng Formation in Wuhan, Hubei Province, China. 
This article presents images and photomicrographs of 
siliceous sponge spicules and etched surfaces of spicule-
bearing rock samples from the Gufeng Formation for 
the first time. 

Classification of Permian siliceous sponge 
spicules in previous studies

An individual sponge possesses a wide variety of 
spicule types; different sponge taxa have approximately 
the same formed spicule (e.g., Boury-Esnault and 
Rützler, 1997). For these reasons, Linnaean taxonomy is 
generally not used for classification of isolated spicules. 
Instead, morphological terminology and descriptive 
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classification are preferred. 
Since the 1970s, siliceous sponge spicules have been 

obtained from Cenozoic marine cores and surface 
sediments (e.g., Bukry, 1978, 1979, 1980; Ivanic, 1983; 
Palmer, 1988; Martini and Locker, 1990; McCartney, 
1990; Ahlback and McCartney, 1992). Descriptions, 
classifications, and discussions of Permian spicules in 
previous studies have been based on the results from 
the Cenozoic works (e.g., Kuwahara et al., 2004; 
Murchey, 2004; Liu et al., 2008; Kametaka et al., 2009; Ito 
et al., 2013b) because of their morphological similarity. 

Murchey (2004) characterized spicule assemblages 
from the southern part of the Permian Spiculite Belt of the 
Phosphoria Basin in Idaho to the eastern Havallah Basin 
and Antler High in central Nevada, U.S.A. She showed the 
relationships between the spicule assemblages and their 
origination (Fig. 1A) and proposed a paleobathymetric 
model based on the spicule occurrences. Some researchers 
have followed this model. Kametaka et al. (2009) discussed 
paleobathymetry of the Guadalupian Gufeng Formation of 
the Anmenkou section in Chaohu, Anhui Province, South 
China, and Ito et al. (2013b) discussed paleobathymetry of 
the Guadalupian Bancheng Formation of the Gujingling 
section in Xiaodong, Guangxi Zhuang Autonomous Region, 
South China.

Liu et al. (2008) discussed the extinction pattern of 
spicules from the Lopingian Dalong Formation of the 

Dongpan section in Fusui, Guangxi and of the Ma’anying 
section in Ziyun, Guizhou Province in South China. They 
classified the spicules based on axis number and surface 
characters (Fig. 1B). According to these authors, simpler 
spicules, such as monaxon and smooth-surfaced spicule, 
went extinct later than more complex spicules. 

Kuwahara et al. (2004) calculated the ratios of spicules 
to radiolarians in the Lopingian (Upper Permian) strata of 
the Tongtianyan section in Liuzhou, Guangxi; Kuwahara 
and Kakuwa (2004) calculated the ratios in the 
Cisuralian–Guadalupian pelagic bedded cherts in Tamba. 
However, they did not classify spicule types. 

Geologic outline

Wuhan City of Hubei Province is located near the 
northern margin of the Yangtze platform (Fig. 2B). 
Outcrops of the Gufeng Formation, marginal deposits on 
the Yangtze platform, are scattered throughout Wuhan 
(Bureau of Geology and Mineral Resources of Hubei 
Province, 1996). Feng (1992) and Feng and Zhong (1994) 
reported radiolarian fossils and spicules from the Gufeng 
Formation in Wuhan. Feng and Zhong (1994) subdivided 
the Gufeng Formation in Wuhan into five units (Fig. 3A). 
According to Feng and Zhong (1994), Units 1–3 yielded 
abundant spicules and rare radiolarians (Pseudoalbaillella 
fusiformis (Holdsworth et Jones) and Entactinosphaera 

Fig. 1. Morphological classification of Permian spicules in previous studies. 
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wuhanensis Feng), while Unit 4 yielded abundant 
radiolarians (P. scalprata Holdsworth et Jones, P. 
fusiformis, P. bella Sheng et Wang, P. longtanensis Sheng 
et Wang, Longtanella zhengpanshanensis Sheng et Wang, 
L. mengshanensis Feng, L. turgida Feng, Longtanella sp., 
E. wuhanensis, Hegleria mammilla Sheng et Wang, 
Pseudotormentus kamigoriensis De Wever et Caridroit) 
with rare spicules. Some of these radiolarians have been 
reported from the Gufeng Formation in other areas (e.g., 
Kametaka et al., 2009; Ito et al., 2013a), which correspond 

to the Guadalupian (Middle Permian). 
We surveyed the Yujiashan section (31°31.394N; 114°

24.182E), which is exposed along a sideway from the 
Yujiashanbeilu road near China University of Geosciences, 
Wuhan (Figs. 2C, 2D). This section, approximately 4 m 
in total thickness, consists of cherts with intercalated 
mudstones (Figs. 2E, 3B). The cherts are gray, bright 
gray, dark gray, black, or white. The mudstones are 
white or red brown. The red brown mudstones, however, 
are weathered, and consequently this may not be the 

Fig. 2. Index map of the Yujiashan section. Geological division in Hubei Province (B) is after Bureau of 
Geology and Mineral Resources of Hubei Province (1996). 
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original color. No radiolarian test has been obtained from 
the section. The cherts yielded only spicules, indicating 
that this section can correspond to Unit 2. The section 
may correspond to the lower Guadalupian on the basis of 
stratigraphic relationship with Unit 4.

Materials and methods

We collected 23 chert samples from the Yujiashan 
section to determine the siliceous fossils contained in the 
cherts. The samples were soaked in a hydrofluoric acid 
(HF) solution (ca. 5%) at room temperature, and then the 
HF solution was removed 24 h later. 

Adequate residues were collected using a sieve with 
a mesh diameter of 0.054 mm. The sieved residues were 
enclosed within prepared slides with a mounting medium 
(Entellan new). The slides were observed under a 
transmitted light microscope and photographed. 

The HF-etched rock samples were dried. Vertical planes 
to bedding planes of the samples were observed and 
photographed using a scanning electron microscope (SEM). 

Spicule characteristics

Several forms of spicules were observed on the 
etched surfaces (Fig. 4) and the embedded slides (Fig. 5); 
however, no radiolaria occurred. The etched surfaces of 
the cherts, which were the vertical planes to the bedding 
planes, appeared to be spicule-supported (Fig. 4). Most 
spicules had width and depth directions on the figure but 
did not have lengthwise directions. This indicates that 
they are approximately parallel to the bedding planes. 
The presence of spicules having with width and depth 
directions also indicates that there is no clear preferred 
orientation of the spicules on the bedding planes. 
Although the observation of etched surfaces showed 
solid structures of most spicules, some spicules had 
hollow tubular structures (Fig. 4).

In all samples, monaxons (Figs. 4.1–4.3, 5.1–5.5) were 
dominant; oxeas (Figs. 5.1, 5.2) and rhaxes (Figs. 4.2, 5.9, 
5.10) were common. Diameters of monaxons varied by 
individual spicules (ca. 5–40 µm). The largest monaxons 
were longer than 1 mm (Fig. 5.3). Rhaxes were generally 
shorter than 100 µm. In some samples, acanthostyles (Fig. 
5.6), orthotriaenes? (Fig. 5.7), protriaenes (Fig. 5.8), and 
polyaxons (Figs. 4.3, 5.11) were rarely observed. 

Most spicules had a smooth surface; a few spicules 
were characterized as small spinous (Fig. 5.6) and 
branching (Fig. 5.8). Spicules with large spines, spiral 
ornaments, or annulate ornaments were not observed. 

Implications

1. Etched surface observation of spicule cherts
This study recognized that most spicules on the 

etched surfaces were parallel to the bedding planes of 
the cherts; however, a clear preferred orientation was 
not recognized on the bedding planes. 

Imoto (1983) observed pelagic cherts in Tamba and 
indicated a presence of the preferred orientation of 
spicules on etched surfaces. Ishiga and Imoto (1993) 
examined the preferred orientation of conical radiolarians 
(Follicucullus Ormiston et Babcock) from Guadalupian 
pelagic-bedded cherts in Tamba and estimated the 
paleo-current direction of the cherts. 

The observation of etched surfaces can provide 
chert textures and spicule alignments. The discovery of 
a preferred orientation of sponge spicules may enable 
determination of the paleo-current direction. 

Fig. 3. Compiled column of the Gufeng Formation in 
Wuhan (after Feng and Zhong, 1994) and column of the 
Yujiashan section. 
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2. Classification based on recent sponges
Siliceous sponges comprise two groups: demosponges 

and hexactinellids. In general, recent hexactinellids 
inhabit the deep-sea, whereas recent demosponges 
inhabit the shallow-sea. According to the classification of 
Murchey (2004) (Fig. 1A), the occurrences of some 

spicules in the Yujiashan section, such as rhaxes and 
protriaenes, imply that the spicules were derived from 
demosponges.

Kametaka et al. (2009) examined a spicule assemblage 
from the Gufeng Formation of the Anmenkou section in 
Chaohu, Anhui Province. They clarified that the spicule 

Fig. 4. SEM images of etched surfaces of chert beds. 1, 2. IT15031301; 3. IT09092606. 
All etched surfaces are vertical to bedding planes. 
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assemblage comprises abundant monaxons and triaxons 
with rare tetraxons; therefore, they concluded that the 
sponge fauna primarily comprised hexactinellids with minor 
demosponges based on the classification of Murchey (2004). 

These results imply the presence of both hexactinellid-
dominant and demosponge-dominant sponge faunas in the 
Gufeng Formation. In other words, sponges in the Gufeng 
Formation had morphological variation that differed by 
age and/or location. Meanwhile, biological similarities 
between recent and Permian sponges are not necessarily 
assured. Further study regarding Permian spicules from 
paleobiological perspectives is necessary. 

3. Classification based on surface characteristics
According to the surface-based classification of Liu 

et al. (2008) (Fig. 1B), most spicules of the Yujiashan 
section are characterized as smooth. A few spicules 
have small spinous and branching surfaces. 

Liu et al. (2008) indicated the possibility that the 
simplification of spicules was caused by the end-
Permian mass extinction, as is the case for other fossil 
organisms, such as foraminifers, brachiopods, and 
bivalves. According to this interpretation, the spicules 
of the Yujiashan section would also have been 
influenced by environmental pressures. 

Liu et al. (2008), however, considered the spicules to 
be derived from hexactinellids. Thus, it is still unclear 
whether the surface-based classification is applicable to 
spicules of demosponges. It is necessary to accumulate 
basic descriptions of Permian spicules. 
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Fig. 5. Photomicrographs of siliceous sponge spicules in prepared slides from the Yujiashan section. 1–5. 
monaxon (1, 2: oxea); 6. acanthostyle; 7. orthotriaene?; 8. protriaene; 9, 10. rhax; 11. polyaxon (oxyaster). 
Sample number: 1–10: IT09092606; 11: IT09032714. All scale bars are 50 µm.
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　　（要　旨）

Ito, T., Matsuoka, A. and Feng, Q. L., 2016, Siliceous sponge spicules from the Permian 
Gufeng Formation in Wuhan, Hubei Province, China. News of Osaka Micropaleontologists 
(NOM), Special Volume, No. 16, 105-111.（伊藤 剛・松岡 篤・馮 慶来, 2016, 湖北省武漢に
分布するペルム系孤峰層から産出した珪質海綿骨針. 大阪微化石研究会誌, 特別号, No. 16, 
105-111.）
　本論では，中国湖北省武漢の喩家山セクションのペルム系孤峰層に含まれる珪質海綿骨針
を報告する．多様な形態の骨針が，岩石試料のエッチング面および残渣の封入スライド中に
て確認された．エッチング面の観察によれば，骨針支持が優勢である．多くの骨針は層理面
に平行に並んでいるが，層理面上での明瞭な方向性は認識できない．骨針の群集は，monaxon
の多産およびrhaxの産出ならびにacanthostyle，orthotriaene?，protriaeneとpolyaxonの少産に
より特徴づけられる．骨針の多くは表面が平滑であるが，小さい棘を伴うものや枝状のもの
もみられる．群集の特徴からは，これらの骨針はdemosponge類に起源が求められる．これは
安徽省巣湖の孤峰層から報告されたhexactinellid類を主体とする海綿骨針群集とは異なる．本
研究の結果は，孤峰層中の海綿骨針が形態的多様性を持ち，その群集に地域差や年代差があ
ることを示唆する．


