
ediacaran acanthomorphic acritarchs and other 
microfossils from chert nodules of the upper  

doushantuo formation in the yangtze gorges area,  
south china

THE PALEONTOLOGICAL SOCIETY   MEMOIR 72

SUPPLEMENT TO JOURNAL OF PALEONTOLOGY    ISSN 0022-3360    JPALAZ 88 1 III 1–95 JANUARY 2014

VOLuME 88 JANuARY 2014 SuPPLEMENT TO NO 1

 

P
J 

A
O 

L
u

E
R

O
N

N
A

T
L

O
 

L
O

O
F

G
 

Y

pengju liu, shuhai Xiao, chongyu yin, shouming chen, 
chuanming zhou, and meng li



 Memoirs of The Paleontological Society are occasional publications consisting of monographs and symposia that are too extensive for 
publication in the Journal of Paleontology as part of the regular issues. Ordinarily, memoirs are published as supplements to a regular issue 
of the Journal. Inquiries concerning submittal of manuscripts for inclusion in the Memoir Series may be made to the Editors of the Journal of 
Paleontology.
 For information on cost and availability of back numbers of the Memoir Series, please contact: SEPM Business Office, 1731 East 71st 
St., Tulsa, OK 74136-5108, for numbers 1 (1968) through 16 (1985) or Journal of Paleontology, P.O. Box 1897, Lawrence, KS 66044-8897,  
jps@allenpress.com, for number 17 (1986) and following.

 The JOURNAL OF PALEONTOLOGY (ISSN 0022-3360) is published bimonthly by the Paleontological Society, 3300 Penrose Pl, Boulder, CO 80301; USA. 
Dues and online subscriptions for members of The Paleontological Society are $55 per year. Print subscription price is $95 per year. Periodical postage paid at 
Boulder, CO and at additional mailing offices. For information on prices of back issues of the JOURNAL, please contact: SEPM Business Office, P.O. Box 4756, 
Tulsa, OK 74159, for volumes 1 (1927) through 59 (1985) or Paleontological Society Business Office, P.O. Box 1897, 810 East 10th St., Lawrence, KS 66044-
8897, for volumes 60 (1986) and following.
 Communications about the JOURNAL, notices, subscriptions, rates, changes of address, and nonreceipt of preceding numbers should be addressed to: 
JOURNAL OF PALEONTOLOGY Subscriptions Office, P.O. Box 9044 Boulder, CO 80301 U.S.A., paleosoc@geosociety.org. Claims for nonreceipt of preceding 
numbers must be submitted within three months (six months if foreign) of the date of publication in order to be filled gratis. Communications about membership 
and requests for blanks for nomination of new members in The Paleontological Society should be directed to the 3300 Penrose Pl, Boulder, CO 80301; USA.

Submit manuscripts online at http://journalofpaleontology.allentrack.net

 Editors for the journal are Brian Pratt, University of Saskatchewan,  brian.pratt@usask.ca and Steven Hageman, Appalachian State University, hagemansj@
appstate.edu. Associate Editors are: J. Luis Benedetto, CICTERRA, jbenedetto@efn.uncor.edu; Stylianos Chatzimanolis, University Tennessee-Chattanooga, 
stylianos-chatzimanolis@utc.edu; Thomas Cronin, U.S. Geological Survey, tcronin@usgs.gov; Bill Dimichele, Smithsonian Institution, dimichel@si.edu; 
Robert Elias, University of Manitoba, eliasrj@Ms.Umanitoba.ca; Nadia Fröbisch, Museum für Naturkunde, nadia.froebisch@mfn-berlin.de; Forest Gahn, BYU–
Idaho, gahnf@byui.edu; Joe Hannibal, Cleveland MNH, jhannibal@cmnh.org; Peter Harries, University of South Florida, harries@chuma.cas.usf.edu; Joachim 
Haug, University of Ulm, joachim.haug@uni-greifswald.de; Michael Hautmann, University of Zurich, michael.hautmann@pim.uzh.ch; Martin Head, Brock 
University, mhead@brocku.ca; Eric Hilton, VA Institute of Marine Sciences, ehilton@vims.edu; Brian Huber, Smithsonian Institution, huberb@si.edu; Nigel 
Hughes, University of California, Riverside, nigel.hughes@ucr.edu; Dan Ksepka, NC State University, daniel_ksepka@ncsu.edu; Stephen Leslie, James Madison 
University, lesliesa@jmu.edu; Bruce Lieberman, University of Kansas, blieber@ku.edu; Rick Lupia, OK Museum, rlupia@ou.edu; Gabriela Mángano, University 
of Saskatchewan, gabriela.mangano@usask.ca; Eric Scott, San Bernardino County Museum, escott@sbcm.sbcounty.gov; Mary Silcox, University of Toronto 
Scarborough, msilcox@utsc.utoronto.ca; Hans-Dieter Sues, Smithsonian Institution, suesh@si.edu; Colin Sumrall, University of Tennessee, csumrall@utk.edu; 
Leif Tapanila, Idaho State University, tapaleif@isu.edu; David Varricchio, Montana State University, djv@montana.edu; Peter Wagner, Smithsonian Institution, 
wagnerpj@si.edu; Steve Westrop, OK Museum, swestrop@ou.edu; David Work, Maine State Museum, david.work@maine.gov. 

 The JOURNAL OF PALEONTOLOGY is printed offset by Allen Press, Inc., Lawrence, KS 66044.

Copyright © 2014, The Paleontological Society
ALLEN PRESS, INC., LAWRENCE, KANSAS

COPYRIGHT STATEMENT

 The appearance of the code at the top of the first page of an article in this journal indicates the copyright owner’s consent that copies of the article may be made 
for personal or internal use, or for the personal or internal use of specific clients. This consent is given on the condition, however, that the copier pay the stated per 
copy fee through the Copyright Clearance Center, Inc., P.O. Box 765, Schenectady, New York 12301, for copying beyond that permitted by Sections 107 or 108 of 
the U.S. Copyright Law. This consent does not extend to other kinds of copying, such as copying for general distribution, for advertising or promotional purposes, 
for creating new collective works, or for resale.

a This paper meets the requirements of ANSI/NISO Z39.48-1992 (Permanence of Paper).



EDIACARAN ACANTHOMORPHIC ACRITARCHS AND OTHER
MICROFOSSILS FROM CHERT NODULES OF THE UPPER

DOUSHANTUO FORMATION IN THE YANGTZE GORGES AREA,
SOUTH CHINA

PENGJU LIU,1 SHUHAI XIAO,2 CHONGYU YIN,1 SHOUMING CHEN,1 CHUANMING ZHOU,3 AND MENG LI1

1Institute of Geology, Chinese Academy of Geological Science, Beijing 100037, China, ,pengju@cags.ac.cn.; 2Department of Geosciences, Virginia
Polytechnic Institute and State University, Blacksburg, VA 24061, USA, ,xiao@vt.edu.; and 3State Key Laboratory of Paleobiology and Stratigraphy,

Nanjing Institute of Geology and Paleontology, Chinese Academy of Sciences, Nanjing 210008, China

ABSTRACT—Silicified microfossils preserved in chert nodules of the Doushantuo Formation in the Yangtze Gorges
area of South China have great potential to improve the biostratigraphic subdivision and correlation of the
Ediacaran System. This potential can be realized only if solid taxonomy is available. However, a systematic
treatment of these microfossils (particularly acanthomorphic acritarchs) is lacking, greatly limiting their
biostratigraphic potential. This paper presents the systematic paleontology of silicified microfossils from upper
Doushantuo Formation (Member III) chert nodules at three sections in the Yangtze Gorges area. More than 90
species of microfossils are described, including 66 named taxa of acanthomorphs, seven named taxa of
sphaeromorphs, 12 taxa of cyanobacterial filaments and coccoids, four taxa of algal thalli, and two species of
tubular microfossils. Several acritarch species, including Appendisphaera clava n. sp., Mengeosphaera grandispina n.
sp., M. stegosauriformis n. sp., Leiosphaeridia, and possibly Sinosphaera rupina, are shown to be multicellular
organisms, consistent with the proposition that some Ediacaran acritarchs may be diapause eggs of early animals.
This study supports the view that the Tianzhushania spinosa acanthomorph biozone is unique to the lower
Doushantuo Formation in South China (and perhaps its equivalent in northern India) and that Ediacaran
acanthomorph assemblages from Australia, Siberia, and East European Platform are younger than the
Tianzhushania spinosa biozone. It is proposed that the first occurrence of Hocosphaeridium anozos, a species with
easily recognizable morphology and wide taphonomic and geographic distributions, be used to define the second
Doushantuo acanthomorph biozone succeeding the Tianzhushania spinosa biozone. New taxa described in this paper
include three new genera (Bispinosphaera n. gen.; Yushengia n. gen.; and Granitunica n. gen.) and 40 new species:
Appendisphaera? brevispina n. sp., A. clava n. sp., A.? hemisphaerica n. sp., A. longispina n. sp., A. setosa n. sp.,
Bispinosphaera peregrina n. gen. n. sp., Crinita paucispinosa n. sp., Ericiasphaera densispina n. sp., Hocosphaeridium
dilatatum n. sp., Knollisphaeridium denticulatum n. sp., K. longilatum n. sp., K. obtusum n. sp., K. parvum n. sp.,
Mengeosphaera angusta n. sp., M. bellula n. sp., M. cf. bellula n. sp., M. constricta n. sp., M.? cuspidata n. sp., M.?
gracilis n. sp., M. grandispina n. sp., M. latibasis n. sp., M. minima n. sp., M. spicata n. sp., M. spinula n. sp., M.
stegosauriformis n. sp., M. triangularis n. sp., M. uniformis n. sp., Sinosphaera asteriformis n. sp., Tanarium acus n.
sp., T. elegans n. sp., T. longitubulare n. sp., T.? minimum n. sp., T. obesum n. sp., T. varium n. sp., Urasphaera
fungiformis n. sp., U. nupta n. sp., Yushengia ramispina n. gen. n. sp., Granitunica mcfaddeniae n. gen. n. sp.,
Osculosphaera arcelliformis n. sp., and O. membranifera n. sp.

INTRODUCTION

THE EDIACARAN Period represents a critical transition in
animal evolution, climatic change, and ocean redox

history (Xiao, 2014). However, our ability to reconstruct
Earth history and to resolve the interactive relationship
between environmental and biological evolution during the
Ediacaran Period critically depends on an improved strati-
graphic resolution. In recent years, acanthomorphic acritarchs
have emerged as a useful biostratigraphic tool for the
subdivision and correlation of the Ediacaran System. For
example, Grey (2005) recognized five Ediacaran acritarch
assemblage zones in Australia (in ascending order, the
Leiosphaeridia jacutica–Leiosphaeridia crassa; Appendisphaera
barbata–Alicesphaeridium medusoidum–Gyalosphaeridium pul-
chrum; Tanarium conoideum–Schizofusa risoria–Variomargo-
sphaeridium litoschum; Tanarium irregulare–Ceratosphaeridium
glaberosum–Multifronsphaeridium pelorium; and Ceratosphaer-
idium mirabile–Distosphaera australica–Apodastoides verobtur-
atus assemblage zones), and these biozones have been verified
by subsequent studies (Willman et al., 2006; Grey and Calver,
2007; Willman, 2007; Willman and Moczydłowska, 2008,
2011). However, the application of these biozones outside
Australia has met with limited success. Some Australia
acanthomorph elements have been found in Ediacaran rocks
in Siberia and Eastern European Platform (Kolosova, 1991;

Moczydłowska et al., 1993; Faizullin, 1998; Nagovitsyn et al.,
2004; Moczydłowska, 2005; Veis et al., 2006; Vorob’eva et al.,
2006, 2008, 2009b; Moczydłowska and Nagovitsin, 2012), but
the succession of Australian acanthomorph biozones have not
been reported outside Australia.

Ediacaran successions in South China, particularly the
Doushantuo Formation in the Yangtze Gorges area, are richly
fossiliferous and have a long history of paleontological
research (Tang et al., 1978; Yin L. and Li, 1978; Yin L.,
1985, 1987; Yin C. and Liu, 1988; Yin C., 1990; Zhang et al.,
1998; Xiao, 2004). Recent biostratigraphic investigations of
the Doushantuo Formation indicate that the evolutionary
history of Ediacaran acanthomorphs was more completely
preserved in South China than in Australia (Zhou et al., 2007).
The Doushantuo Formation seems to contain two regionally
recognizable acanthomorph biozones, a lower biozone dom-
inated by Tianzhushania spinosa and an upper biozone
dominated by Tanarium conoideum, Hocosphaeridium scaber-
facium, and H. anozos (McFadden et al., 2009; Yin C. et al.,
2009b, 2011; Liu et al., 2012a, 2013; Xiao et al., 2012b, 2014).
Thus far, the T. spinosa biozone has not been identified in
Australia, and has only been tentatively reported from
Svalbard (Knoll, 1992; Zhang et al., 1998) and northern India
(Tiwari and Knoll, 1994) where the occurrence of T. spinosa
warrants further investigation and verification. It is tempting
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to correlate the Tianzhushania spinosa biozone with the
Leiosphaeridia jacutica–Leiosphaeridia crassa biozone of Aus-
tralia, and the Tanarium conoideum–Hocosphaeridium scaber-
facium–Hocosphaeridium anozos biozone with the four
acanthomorph biozones recognized by Grey (2005). However,
finer scale correlation between South China and Australia
may be possible. For example, recent work on phosphatized
acanthomorphs from the Doushantuo Formation at Weng’an
of Guizhou Province has revealed acanthomorphs that were
used to define the Australia biozones and have the potential to
significantly refine the biostratigraphic correlation between
South China and Australia (Xiao et al., 2014). Such
refinement needs to be tested against biostratigraphic data
from different taphonomic windows, for example, Doushan-
tuo chert nodules in the Yangtze Gorges area.

To enhance the biostratigraphic foundation of Doushantuo
acanthomorphs, we carefully sampled chert nodules from the
upper Doushantuo Formation at three sections in the eastern
Yangtze Gorges area for a paleontological study. Doushantuo
acanthomorphs in the Yangtze Gorges area are preserved
exclusively in early diagenetic chert nodules (Xiao et al., 2010)
and repeated efforts to extract acanthomorphs from Doush-
antuo black shales have failed. Thus, the preservation of
Doushantuo acanthomorphs in the Yangtze Gorges area was
at the mercy of the stochasticity of chert nodule formation,
and their biostratigraphic resolution is limited by the
availability of early diagenetic chert nodules (Zhou et al.,
2007). Additionally, unlike acanthomorphs preserved in shales
and phosphorites which can be extracted for paleontological
investigation using acid extraction techniques, microfossils
preserved in chert nodules can only be studied using thin
sectioning techniques. Different preservation modes and
investigation methods can introduce inconsistencies in taxo-
nomic identification. However, our recent investigation of

three-dimensionally phosphatized acanthomorphs from
Doushantuo phosphorites at Weng’an (Xiao et al., 2014),
which can be studied using both thin sectioning and acid
extraction techniques, shows that such taxonomic inconsis-
tencies can be reduced. This gives us confidence in a systematic
treatment of silicified acanthomorphs based solely on thin
section observations. The goal of this study, therefore, is to
present a systematic treatment of Ediacaran acanthomorphs
from chert nodules of the upper Doushantuo Formation in the
Yangtze Gorges area, following recent taxonomic revisions
(Zhang et al., 1998; Yin C. et al., 2004; Grey, 2005;
Moczydłowska, 2005; Yin L. et al., 2008; Xiao et al., 2014).
We hope that our work will strengthen the taxonomic
foundation for acanthomorph biostratigraphy, thus providing
a better-resolved chronostratigraphic framework to support
the investigation of Ediacaran biological and environmental
evolution.

GEOLOGICAL AND STRATIGRAPHIC SETTINGS

Updated descriptions of the regional geology, paleogeogra-
phy, depositional environment, and stratigraphy of the
Ediacaran Doushantuo Formation in South China are
available in several recent publications (Jiang et al., 2007,
2011; McFadden et al., 2008; Xiao et al., 2012b; Zhu et al.,
2013b). The Doushantuo Formation in the Yangtze Gorges
area outcrops around the Huangling Anticline (Fig. 1), and it
overlies the Cryogenian Nantuo glacial diamictite and
underlies the Dengying Formation. In general, it is 150–
260 m thick and can be divided into four lithostratigraphic
members. Member I is a 5-m-thick cap dolostone character-
ized by abundant sheet cracks, tepee-like structures, macro-
peloids, and barite fans (Jiang et al., 2006). Member II is
variable in thickness (80–140 m thick) partly because its
boundary with the overlying Member III is transitional and

FIGURE 1—Simplified geological map of China (left) and the Yangtze Gorges area. Acanthomorphs described in this paper were collected from the
upper Doushantuo Formation chert nodules at the Wangfenggang, Niuping, and Xiaofenghe sections (marked by solid dots).
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FIGURE 2—Stratocolumn and fossil occurrences at the Wangfenggang section. See Figure 3 for legends. NT: Nantuo Formation.
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poorly defined. Overall, this member is characterized by
alternating organic-rich calcareous shale and shaley dolostone
beds with abundant pea-sized fossiliferous chert nodules that
contain acanthomorphs dominated by Tianzhushania spinosa.
Member III (,60 m thick) consists of massive and laminated
dolostone with chert bands and nodules, followed at some
sections by interbedded limestone and dolostone (ribbon
rocks). Member IV (,10 m thick) is composed of black
organic-rich calcareous shale, siliceous shale, or mudstone, but
this member is absent in many Doushantuo sections. The
Doushantuo Formation is overlain by peritidal dolostone of
the Hamajing Member of the Dengying Formation.

The correlation of the Doushantuo Formation in South
China, particularly between the Yangtze Gorges and Weng’an
areas, has not been resolved, and an updated summary of
recent debates can be found in Xiao et al. (2012b, 2014). The
controversy is in part exacerbated by the uncertain placement
of sequence boundaries in the Doushantuo Formation in the
Yangtze Gorges area, where no easily recognizable exposure
surfaces have been identified. Zhu et al. (2013b), for example,
placed two sequence boundaries within Members II and III,
and correlated these with the exposure surfaces in the middle
and upper Doushantuo Formation in Weng’an. Others
suggest that facies change surfaces at the Member II/III and
III/IV boundaries may be correlated with exposure surfaces at
Weng’an (McFadden et al., 2008; Jiang et al., 2011). These
different correlation schemes can be tested against acantho-
morph biostratigraphic data, which is part of the motivation
of this study.

Numerous radiometric dates from the Yangtze Gorges
area are available to constrain the depositional age of the
Doushantuo Formation. A zircon U-Pb age of 636.4 6 4.9 Ma
from the Cryogenian Nantuo Formation places a maximum
age constrain on the Doushantuo Formation (Zhang et al.,
2008). In the southern limb of the Huangling anticline, zircon
U-Pb TIMS ages from ash beds in Member I (635.2 6 0.6 Ma),
lower Member II (632.5 6 0.5 Ma), and uppermost Member
IV (551.1 6 0.7 Ma) provide further age constraints on the
subdivisions of the Doushantuo Formation (Condon et al.,
2005), but still leave a large age window for Member III, which
is the focus of this study. If the whole rock Re-Os isochron age
of 591.1 6 5.3 Ma from Member IV black shales (Zhu et al.,
2013a) and the zircon U-Pb SHRIMP age of 614 6 7.6 Ma
from an ash bed in Member II (Liu et al., 2009c) are accepted,
then the Member III fossils described in this paper are between
614 Ma and 591 Ma.

For this study, Member III chert nodules at the Wangfeng-
gang, Niuping, and Xiaofenghe sections on the southeastern
limb of the Huangling anticline were sampled (Fig. 1). The
lithostratigraphy of these sections was described in Liu et al.
(2013) (Figs. 2–4). It should be noted that the Xiaofenghe
stratocolumn (Fig. 4) is a composite of the lower Doushantuo
Formation at the northern Xiaofenghe section (Xiao et al.,
2012b) and the upper Doushantuo Formation at the southern
Xiaofenghe section, and the splicing of these two sections is
still uncertain (Yin L. et al., 2007; Yin C. et al., 2011; Zhu
et al., 2013b).

At the three sampled sections, Member I and Member II
lithologies are similar to the general lithostratigraphy as
described above. In other words, Member I consists of the cap
carbonate overlying the Nantuo glacial diamictite, and
Member II is characterized by mixed black shales and
dolostones (and limestones at the Xiaofenghe section).
Member III is dominated by thick bedded dolostone with
chert bands and irregular nodules, but the ribbon rock unit—
which is so characteristic of upper Member III in the southern
part of the Huangling anticline—is absent at the Niuping and
Xiaofenghe sections; at the Wangfenggang section, the upper

Member III is truncated by a fault (Zhao et al., 1985), thus it is
uncertain whether this ribbon rock unit is present. Similarly,
Member IV black shale, which is regarded as a marker bed
separating the Doushantuo from the overlying Dengying
Formation in the southern part of the Huangling anticline, is
absent at the Niuping and Xiaofenghe sections; it is possible
that its absence is due to lithofacies change (Jiang et al., 2011;
Xiao et al., 2012b), because regional survey shows that the
occurrence of Member IV black shale becomes less stable
toward the northeastern of the Huangling anticline (Zhao
et al., 1985, 1988). Among the three measured sections, the
Doushantuo–Dengying boundary is best seen at the Niuping
section, where a one-meter-thick unit of thin-bedded siliceous
rock at the topmost Doushantuo Formation (included in
Member III, Fig. 3) may be chronostratigraphically equivalent
to Member IV black shale seen in the southern part of the
Huangling anticline.

METHODS

The Doushantuo Formation at the Wangfenggang, Niup-
ing, and Xiaofenghe sections was measured, and Member III
chert nodules were collected at these sections, with recorded
stratigraphic height (Figs. 2–4). Chert nodules were cut, both
parallel and perpendicular to bedding surface, to make 30-mm
thick petrographic thin sections. Microfossils were observed,
identified, counted, and photographed under a Nikon 80i
microscope. Size measurements were made on digital photo-
graphs using Image J (http://imagej.nih.gov/ij) and proprietary
software.

SUMMARY OF SYSTEMATIC PALEONTOLOGY AND

BIOSTRATIGRAPAHIC SIGNIFICANCE

More than 90 species of microfossils are described in this
paper, including 66 named taxa of acanthomorphs, seven
named taxa of sphaeromorphs, 12 taxa of cyanobacteria, four
taxa of algal thalli, two species of tubular microfossils, and
several informal taxa (Table 1). The most speciose acantho-
morph genera are Appendisphaera, Knollisphaeridium, Men-
geosphaera, and Tanarium, with a total of 39 species and
together accounting for nearly 60 percent of the acantho-
morph species diversity. Two new acanthomorph genera and
37 new acanthomorph species, as well as one new sphaer-
omorph genus and three new sphaeromorph species, are
described. These new taxa add to the growing diversity of
Ediacaran microfossils and provide new data for future
analysis of acanthomorph morphological disparity (Huntley
et al., 2006).

Our material also raises several important paleobiological
questions that warrant further investigation. First, several
acritarch species have multi-celled structures within their
vesicles. These include Appendisphaera clava n. sp., Mengeo-
sphaera grandispina n. sp., M. stegosauriformis n. sp., Leio-
sphaeridia, and possibly Sinosphaera rupina. The observation
that at least some Ediacaran acritarchs are multicellular
organisms (Xiao and Knoll, 2000; Peterson and Butterfield,
2005; Cohen et al., 2009; Moczydłowska and Nagovitsin,
2012; Xiao et al., 2014) suggests that acritarchs should be
explored further for paleobiological information about the
diversification and paleoecology of Ediacaran multicellular
eukaryotes, including stem-group animals. The new observa-
tion is useful in constraining the phylogenetic affinities of
Ediacaran acanthomorphs and sphaeromorphs (Huldtgren et
al., 2011; Sergeev et al., 2011; Xiao et al., 2014). Previous
investigations based on ultrastructural and biomarker evi-
dence have come to different interpretations: some Ediacaran
acanthomorphs are interpreted as algal cysts (Arouri et al.,
1999, 2000; Willman and Moczydłowska, 2007) whereas other
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FIGURE 3—Stratocolumn, fossil occurrences, and d13C curve at the Niuping section. For convenience, Member III is divided into lower and upper
parts at stratigraphic height of 170 m. NT: Nantuo Formation.

SILICIFIED EDIACARAN MICROFOSSILS FROM DOUSHANTUO FORMATION 5



FIGURE 4—Stratocolumn and fossil occurrences at the Xiaofenghe section. See Figure 3 for legends. NT: Nantuo Formation.
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TABLE 1—List of taxa described in this paper. Symbols and abbreviations: #5rare; %5common; #o 5abundant; N5very abundant; e5present;
NP5Niuping section; WFG5Wangfenggang section; XFH5Xiaofenghe section.

Taxon NP WFG XFH

Acanthomorphic acritarchs
1. Appendisphaera anguina Grey, 2005 #

2. Appendisphaera barbata? Grey, 2005 #

3. Appendisphaera? brevispina n. sp. # #

4. Appendisphaera clava n. sp. #o %
5. Appendisphaera crebra (Zang in Zang and Walter, 1992) n. comb. %
6. Appendisphaera? hemisphaerica n. sp. #o %
7. Appendisphaera longispina n. sp. #o

8. Appendisphaera magnifica (Zhang et al., 1998) n. comb. % %
9. Appendisphaera setosa n. sp. # #

10. Appendisphaera tenuis Moczydłowska et al., 1993 emend. Moczydłowska, 2005 #

11. Asterocapsoides sinensis Yin L. and Li, 1978 emend. Xiao et al., 2013 #

12. Bacatisphaera baokangensis Zhou et al., 2001 emend. Xiao et al., 2013 # #

13. Bispinosphaera peregrina n. gen. n. sp. #

14. Cavaspina acuminata Moczydłowska et al., 1993 #

15. Cavaspina basiconica Moczydłowska et al., 1993 # #

16. Ceratosphaeridium glaberosum Grey, 2005 # #

17. Crinita paucispinosa n. sp. #

18. Crinita? sp. #

19. Cymatiosphaeroides yinii Yuan and Hofmann, 1998 # #

20. Eotylotopalla dactylos Zhang et al., 1998 # # %
21. Eotylotopalla delicata Yin L., 1987 # N
22. Eotylotopalla sp. # #

23. Ericiasphaera densispina n. sp. # #

24. Ericiasphaera magna (Zhang, 1984) Zhang et al., 1998 # # #

25. Ericiasphaera cf. spjeldnaesii Vidal, 1990 # #

26. Gyalosphaeridium sp. #

27. Hocosphaeridium anozos (Willman, 2008) Xiao et al., 2013 N % #o

28. Hocosphaeridium dilatatum n. sp. #

29. Hocosphaeridium scaberfacium Zang in Zang and Walter, 1992 emend. N #o #o

30. Knollisphaeridium denticulatum n. sp. #

31. Knollisphaeridium longilatum n. sp. # #

32. Knollisphaeridium maximum (Yin L., 1987) Willman and Moczydłowska, 2008 # # #o

33. Knollisphaeridium obtusum n. sp. %
34. Knollisphaeridium parvum n. sp. #

35. Mengeosphaera angusta n. sp. #

36. Mengeosphaera bellula n. sp. #o % #

37. Mengeosphaera cf. bellula n. sp. #o

38. Mengeosphaera constricta n. sp. #o #

39. Mengeosphaera? cuspidata n. sp. #

40. Mengeosphaera? gracilis n. sp. # % #

41. Mengeosphaera grandispina n. sp. # #

42. Mengeosphaera latibasis n. sp. #

43. Mengeosphaera minima n. sp. %
44. Mengeosphaera spicata n. sp. # # #

45. Mengeosphaera spinula n. sp. # #

46. Mengeosphaera stegosauriformis n. sp. #

47. Mengeosphaera triangularis n. sp. # #

48. Mengeosphaera uniformis n. sp. #

49. Polygonium sp. # #

50. Sinosphaera asteriformis n. sp. #

51. Sinosphaera rupina Zhang et al., 1998, emend. #o #

52. Tanarium acus n. sp. #o #o

53. Tanarium conoideum Kolosova, 1991 emend. Moczydłowska et al., 1993 # #

54. Tanarium elegans n. sp. N
55. Tanarium longitubulare n. sp. # #

56. Tanarium? minimum n. sp. # #

57. Tanarium obesum n. sp. # # #

58. Tanarium pilosiusculum Vorob’eva et al., 2009 # #

59. Tanarium pycnacanthum Grey, 2005 # #

60. Tanarium varium n. sp. # #

61. Urasphaera fungiformis n. sp. # #

62. Urasphaera nupta n. sp. # #

63. Variomargosphaeridium floridum Nagovitsin and Moczydłowska in
Moczydłowska and Nagovitsin, 2012

# #o

64. Weissiella grandistella Vorob’eva et al., 2009 # # #

65. Xenosphaera liantuoensis Yin L., 1987 emend. #o

66. Yushengia ramispina n. gen. n. sp. #

67. Genus and species undetermined #

Spherical microfossils

68. Granitunica mcfaddeniae n. gen. n. sp. e e e
69. Leiosphaeridia tenuissima Eisenack, 1958 e e e
70. Leiospheres with cellular inclusions e e e
71. Concatenated leiospheres e
72. Osculosphaera arcelliformis n. sp. e e e
73. Osculosphaera hyalina Butterfield in Butterfield et al., 1994, emend. e
74. Osculosphaera membranifera n. sp. e e
75. Osculosphaera? spp. e e
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as animal diapause eggs (Yin L. et al., 2007; Cohen et al.,
2009). It is possible that Ediacaran acanthomorphs are a
phylogenetically diverse group, including single-celled algae
analogous to dinoflagellates and unicellular chlorophytes, as
well as multicellular algae and animals (Sergeev et al., 2011).
The presence of multi-celled inclusions offers the most direct
and taphonomically robust test of these alternative interpre-
tations.

Another paleobiological question has to do with the
concatenated leiospheres which represent a paleobiological
enigma. The function of the connection channel between
neighboring leiospheres remains unknown, and the possible
relationship between the concatenated leiospheres and aper-
turate spherical fossils such as Osculosphaera is worth of
further investigation. Finally, the silicified algal thalli and
tubular microfossils reported here represent a taphonomic
and geographic extension of these groups, which were first
reported from Doushantuo phosphorites at Weng’an (Zhang,
1989; Xue et al., 1992; Zhang and Yuan, 1992; Zhang et al.,
1998; Xiao et al., 2000, 2004; Liu et al., 2008).

From a biostratigraphic point of view, it is important to
note that many acanthomorph taxa described here have been
previously known from the upper Doushantuo Formation at
Weng’an and Ediacaran successions in Australia and Siberia
(Xiao et al., 2014). Excluding the new species, almost all
acanthomorphs described here have been previously reported
from the Doushantuo Formation at Weng’an (Xiao et al.,
2014) or Ediacaran successions in Australia, Siberia, and East
European Platform (Moczydłowska et al., 1993; Grey, 2005;
Moczydłowska, 2005; Willman et al., 2006; Willman and
Moczydłowska, 2008, 2011; Vorob’eva et al., 2009b; Golub-
kova et al., 2010; Sergeev et al., 2011; Moczydłowska and
Nagovitsin, 2012). Taxa shared with the Weng’an assemblage
include: Appendisphaera magnifica n. comb., A. tenuis,
Asterocapsoides sinensis, Bacatisphaera baokangensis, Cavas-
pina acuminata, C. basiconica, Cymatiosphaeroides yinii,
Eotylotopalla dactylos, E. delicata, Ericiasphaera magna,
Hocosphaeridium anozos, H. scaberfacium, Knollisphaeridium
maximum, Tanarium conoideum, as well as all tubular
microfossils and algal thalli. Taxa shared with Ediacaran
successions in Australia, Siberia, or East European Platform
are Appendisphaera anguina, A. barbata?, A. crebra n. comb., A.
tenuis, Cavaspina acuminata, C. basiconica, Ceratosphaeridium

glaberosum, Hocosphaeridium anozos, H. scaberfacium, Knolli-
sphaeridium maximum, Tanarium conoideum, T. pilosiusculum,
T. pycnacanthum, Variomargosphaeridium floridum, and Weis-
siella grandistella. Of particular significance is the occurrence in
our collection of easily recognizable forms such as H. anozos, T.
conoideum, V. floridum, and W. grandistella. The new data
support previous suggestion that the Tianzhushania spinosa
acanthomorph biozone in the lower Doushantuo Formation
is perhaps unique to South China (and possibly northern
India) and that Ediacaran acanthomorph assemblages from
Australia, Siberia, or East European Platform may best be
correlated with the upper Doushantuo acanthomorph biozone
in South China (Zhou et al., 2007; McFadden et al., 2009; Liu et
al., 2013). As the first appearance of T. spinosa is well
documented (about 12 m above the base of the Doushantuo
Formation or ,7 m above the cap carbonate in the Yangtze
Gorges area) (McFadden et al., 2009), the challenge now is to
precisely define and locate the base of the second acantho-
morph biozone above the T. spinosa biozone. A potential taxon
that can be used in the definition of the second acanthomorph
biozone is H. anozos, a species that is easily recognizable and
appears to have wide geographic and taphonomic distribution
(in South China and Australia; in chert, phosphorite, and shale
facies). If H. anozos overlaps with T. spinosa in stratigraphic
range, then the first appearance of these two easily recognizable
taxa can be used to define two successive biozones with no gaps
in between.

CONCLUSIONS

Doushantuo chert nodules in the Yangtze Gorges area
preserve a rich microbiota that is important in the biostrati-
graphic correlation of Ediacaran successions and the under-
standing of early evolution of eukaryotes, including animals. We
report more than 90 species of microfossils, including 66 named
acanthomorphs (37 of which are new species), seven named
sphaeromorphs (three of which are new species), 12 cyanobac-
terial filaments and coccoids, four algal thalli, and two tubular
microfossils, from the upper Doushantuo Formation (Member
III) at the Wangfenggang, Niuping, and southern Xiaofenghe
sections in the southeastern limb of the Huangling anticline. A
number of acanthomorph taxa from the upper Doushantuo
Formation have been known from Ediacaran successions
elsewhere, and thus have the potential to improve the

TABLE 1—Continued.

Taxon NP WFG XFH

76. Schizofusa zangwenlongii Grey, 2005 # %

Cyanobacteria fossils

77. Cyanonema attenuatum Schopf, 1968 e
78. Oscillatoriopsis amadeus (Schopf and Blacic, 1971) Butterfield in Butterfield et al., 1994 e e
79. Oscillatoriopsis longa Timofeev and Hermann, 1979 emend. Butterfield et al., 1994 e
80. Oscillatoriopsis obtusa Schopf, 1968 e e e
81. Oscillatoriopsis? sp. e
82. Salome hubeiensis Zhang Z., 1986 e e e
83. Siphonophycus kestron Schopf, 1968 e e e
84. Siphonophycus robustum (Schopf, 1968) Knoll et al., 1991 e e e
85. Siphonophycus solidum (Golub, 1979) Butterfield in Butterfield et al., 1994 e e e
86. Siphonophycus typicum (Herman, 1974) Butterfield in Butterfield et al., 1994 e e e
87. Myxococcoides sp. e e e
88. Symphysosphaera basimembrana n. sp. %

Multicellular algae

89. Gremiphyca corymbiata Zhang et al., 1998 e
90. Sarcinophycus sp. e
91. Thallophyca cf. corrugata Zhang and Yuan, 1992 emend. Zhang et al., 1998 e e
92. Wengania exquisita Zhang et al., 1998 e

Tubular microfossils

93. Quadratitubus orbigoniatus Xue et al., 1992 emend. Liu et al., 2008 e
94. Sinocyclocyclicus guizhouensis Xue et al., 1992 emend. Liu et al., 2008 e e
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biostratigraphic correlation of Ediacaran rocks. Of particular
significance is the taxonomic similarity with acanthomorphs
from the Doushantuo Formation in Weng’an and Ediacaran
successions in Australia, Siberia, and East European Platform.
Our data supports the view that the Tianzhushania spinosa
acanthomorph biozone is unique to the lower Doushantuo
Formation in South China (and perhaps its equivalent in
northern India). Thus, Ediacaran acanthomorph assemblages
from Australia, Siberia, or East European Platform may be

correlated with the upper Doushantuo acanthomorph biozone
in South China. We propose that Hocosphaeridium anozos, a
species with easily recognizable morphology and wide tapho-
nomic distribution, be used to define the second Doushantuo
acanthomorph biozone in South China. A thorough investiga-
tion of lower Doushantuo acanthomorphs and the full
stratigraphic range of H. anozos will be necessary to test the
potential of H. anozos as an Ediacaran biozonal fossil that can
be used to facilitate inter-basinal correlation.

FIGURE 5—Sketches showing vesicle and process morphologies of Appendisphaera species described in this paper. 1, A. anguina Grey, 2005; 2, A.
barbata? Grey, 2005; 3, A.? brevispina n. sp.; 4, A. clava n. sp.; 5, A. crebra (Zang in Zang and Walter, 1992) n. comb.; 6, A.? hemisphaerica n. sp.; 7, A.
longispina n. sp.; 8, A. magnifica (Zhang, Yin L., Xiao, and Knoll, 1998) n. comb.; 9, A. setosa n. sp.; 10, A. tenuis Moczydłowska, Vidal, and
Rudavskaya, 1993 emend. Moczydłowska, 2005. Scale bar on left (100 mm) is for vesicles, and on right (25 mm) for processes.
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FIGURE 6—Appendisphaera anguina Grey, 2005. 1–3, IGCAGS-NPIII-183, thin section NPII9-2-1 (H28; 27.5 3 108.6): 2, enlarged view of marked
area (arrow) in 1; 3, enlarged view of 2, showing detail of hollow processes; 4, 5, IGCAGS-NPIII-196, thin section NPII9-2-1 (S50; 48.3 3 99): 5,
enlarged view of marked area (arrow) in 4, showing detail of hollow processes; 6–8, IGCAGS-NPIII-338, thin section NPII9-2-23 (T54/1; 51.5 3 98.6): 7,
enlarged view of marked area (arrow) in 6; 8, enlarged view of 7, showing detail of hollow processes. For all fossil figures, England Finder and Nikon 80i
coordinates of illustrated fossils are given in parentheses following thin section numbers, and enlargements are typically close-up views of processes.
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SYSTEMATIC PALEONTOLOGY

Descriptive terms follow those of Xiao et al. (2014). For
taxonomic differentiation, emphasis is placed on process
morphology (solid vs. hollow; filamentous, cylindrical, acutely
conical, triangular, obtusely conical, hemispherical, papillate,
echinate, clavate, digitate, or biform with a basal expansion
and an apical or lateral spine), process density, whether
processes branch, and whether hollow processes communicate
with vesicle interior. Vesicle size is also important, particular
at the species level, and it is qualitatively diagnosed as being
small (typically ,100 mm in diameter), medium-sized (100–
200 mm), and large (.200 mm).

Microfossils illustrated in this paper are reposited at the
Institute of Geology, Chinese Academy of Geological Science
(IGCAGS). To facilitate relocation of microfossils in thin
sections, the England Finder and Nikon 80i coordinates of each
illustrated fossils are given in figure captions (e.g., F19/3, 27.5 3
108.6). Since the phylogenetic affinities of most fossils described
in this paper have not been resolved, our systematic description is
focused on the genus and species levels. Species are grouped in
five informal categories (acanthomorphs, sphaeromorphs, cya-
nobacteria, tubular microfossils, and algal thalli) and ordered
alphabetically. The International Code of Nomenclature for
Algae, Fungi, and Plants is followed in this systematic treatment.

Group ACRITARCHA Evitt, 1963
ACANTHOMORPHS

Genus APPENDISPHAERA Moczydłowska, Vidal,
and Rudavskaya, 1993 emend. Moczydłowska, 2005

Type species.—A. grandis Moczydłowska, Vidal, and
Rudavskaya, 1993 emend. Moczydłowska, 2005.

Other species.—A. anguina Grey, 2005; A. barbata Grey,
2005; A.? brevispina n. sp.; A. centoreticulata Grey, 2005; A.
clava n. sp.; A. crebra (Zang in Zang and Walter, 1992) n.
comb.; A. dilutopila (Zang in Zang and Walter, 1992) Grey,
2005; A. fragilis Moczydłowska, Vidal, and Rudavskaya,
1993; A.? hemisphaerica n. sp.; A. longispina n. sp.; A.
magnifica (Zhang et al., 1998) n. comb.; A. minutiforma Grey,
2005; A. setosa n. sp.; A.? tabifica Moczydłowska, Vidal, and
Rudavskaya, 1993; A. tenuis Moczydłowska, Vidal, and
Rudavskaya, 1993.

APPENDISPHAERA ANGUINA Grey, 2005
Figures 5.1A, 5.1B, 6.1–6.8

Appendisphaera anguina GREY, 2005, p. 206, figs. 88A, 90.

Description.—Large spherical vesicle, bearing abundant,
long, and more or less cylindrical processes. Processes are
homomorphic, simple, very thin (,1 mm), highly flexible, and
sometimes twisted or entangled. They are densely distributed
but basally separate. Processes are hollow, but it is difficult to
determine whether they communicate with vesicle interior.
Vesicles 250–600 mm in diameter (n55), processes 120–150 mm
in length and about 1 mm in width.

Material.—Five specimens, lower Member III, Niuping
section.

Remarks.—The specimens described here are characterized
by their very large vesicle and densely crowded processes that
are long, cylindrical, very thin (,1 mm), and highly flexible.
Among published species of Appendisphaera, A. anguina, A.
barbata, and A. tabifica are characterized by densely
distributed, thin, and flexible processes. The specimens
described here are most similar, in process length and density,
to the Australian material described as A. anguina, although
the Australian specimens have smaller vesicles and more
erratically distributed processes, probably due to taphonomic

modification (Grey, 2005). In comparison, A. barbata and A.
tabifica have shorter, more densely distributed, and often
coalesced processes, and their vesicles are much smaller than
the Doushantuo material.

APPENDISPHAERA BARBATA? Grey, 2005
Figures 5.2, 7.1, 7.2

? Cymatiosphaeroides dilutopilum ZANG in ZANG AND

WALTER, 1992, p. 36, figs. 31E, 31H; 32D–32F (part).
? Cymatiosphaeroides pilatopilum ZANG in ZANG AND

WALTER, 1992, p. 36, fig. 32A–32C (part).
? Comasphaeridium sp. B, ZANG AND WALTER, 1992, p. 34,

fig. 28G (part).
? Appendisphaera barbata GREY, 2005, p. 209, figs. 10C, 43D,

88B, 89, 92A–92G, 93–99.

Description.—Specimen broken, only two-thirds of which is
preserved. Vesicle originally spherical but compressed into
oval shape, 95 mm 3 150 mm, bearing abundant, closely spaced
processes that are evenly and densely distributed on vesicle
surface. Processes are homomorphic, uniform in length,
simple, distally tapering, and proximally slightly widened.
Processes 18 mm in length (,12% of maximum diameter), very
thin, and apparently hollow (Fig. 7.2).

Material.—One poorly preserved specimen, lower Member
III, Wangfenggang section.

Remarks.—Grey (2005) first described Appendisphaera
barbata from Ediacaran shales in Australia. The Australia
specimens display many of the features considered characteristic
of the genus, such as densely distributed ciliate processes,
although it is difficult to determine whether processes are hollow
or solid. Grey (2005) and Moczydłowska (2005) compared this
species with A.? tabifica Moczydłowska et al., 1993, as both
species are characterized by distally coalesced processes
although A.? tabifica has relatively longer processes than A.
barbata. Willman and Moczydłowska (2008) were able to show
that these two species may be conspecific, with overlapping
process lengths, and both are characterized by hollow and
sometimes coalesced processes. The Doushantuo specimen
described here is more similar to A. barbata in relative process
length (relative to vesicle diameter), although its processes are
not coalesced. Thus, we provisionally identify this specimen as
A. barbata?, noting that it may eventually be identified as A.
tabifica if process coalescence is a taphonomic difference
between preservation in shale and chert, and if A. barbata and
A. tabifica are indeed conspecific (Willman and Moczydłowska,
2008).

APPENDISPHAERA? BREVISPINA new species
Figures 5.3, 7.3–7.5

Diagnosis.—Large spherical vesicle bearing abundant,
short, thin (,1 mm), and cylindrical processes. Processes are
simple, homomorphic, and of uniform length. Processes are
basally separate and distally blunt or truncated. Processes are
hollow and communicate openly with vesicle interior.

Description.—Holotype (Fig. 7.3, 7.4): vesicle 350 mm in
diameter, processes 6 mm in length (1.7% of vesicle diameter),
about 1 mm in width, and with an average spacing of about
1.5 mm; ,450 processes in circumferential view (or ,40
processes in 100 mm interval). Second specimen (Fig. 7.5):
vesicle 210 mm in maximum diameter, processes 5.5 mm in
length, about 1 mm in width, and with an average spacing
distance of about 1.5 mm; ,40 processes in 100 mm interval.

Etymology.—Species name derived from Latin brevis (short)
and spina (spine), with reference to the characteristically short
processes of this species.

Holotype.—IGCAGS–WFG–431, Figure 7.3, 7.4.
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Material.—Two specimens, lower Member III, Niuping and
Wangfenggang sections.

Remarks.—Although there are only two specimens, their
characteristic features of short and cylindrical processes warrant a
new species. This species differs from other species of Appendi-
sphaera in its densely crowded, short, and cylindrical (rather than
distally tapering) processes. Indeed, its departure from the
characteristic thin, long, and often tapering processes of Appendi-
sphaera is the reason why it is provisionally placed in Appendi-
sphaera. Densely distributed, short, and uniform processes are
also found is several other Ediacaran acanthomorphs, including
Cymatiosphaeroides yinii Yuan and Hofmann, 1998, Ericias-
phaera densispina n. sp. (Fig. 33), E. crispa Xiao et al., 2014, and
Knollisphaeridium maximum (Yin L., 1987). But these taxa can be
differentiated from A.? brevispina by other morphological aspects
of their processes: solid processes in C. yinii and E. densispina n.
sp., and E. crispa, and distally tapering processes in K. maximum.

APPENDISPHAERA CLAVA new species
Figures 5.4, 8.1–8.5, 9.1–9.7

Unnamed E, LIU, YIN C., CHEN, TANG, AND GAO, 2013,
fig. 12A, 12B.

Diagnosis.—Large (commonly .250 mm) spherical vesicles
bearing numerous closely and evenly spaced processes of uniform
length. Processes short, hollow, communicate openly with vesicle
interior, and often with a small expansion at base, resembling
inverted nails or pins. Vesicle wall thin and single-layered.

Description.—Holotype (Fig. 8.1, 8.2): vesicle 420 mm in
diameter, and processes 12 mm long (equivalent to 2.9% of
vesicle diameter), ,1 mm wide at base, and with an average
spacing of about 2.5 mm; more than 500 processes in
circumferential view (or ,40 processes in 100 mm interval).
Other material: vesicles 250–510 mm (average 342 mm, n555)
in diameter, and processes 6–13 mm in length (average 10 mm,

FIGURE 7—1, 2, Appendisphaera barbata? Grey, 2005. IGCAGS-WFG-403, thin section WFG80816-3-27 (Y37/3; 35.4 3 92.6): 2, enlarged view of
marked area (arrow) in 1; 3–5, Appendisphaera? brevispina n. sp.: 3, 4, holotype, IGCAGS-WFG-431, thin section WFG80816-3-34 (R47; 46 3 100.3);
4, enlarged view of marked area (arrow) in 3; 5, IGCAGS-NPIII-295, thin section NPII9-2-4 (H25/3; 24 3 108.5).
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FIGURE 8—Appendisphaera clava n. sp. 1, 2, holotype, IGCAGS-WFG-676, thin section WFG80816-2-32 (H52/4; 51.4 3 108.4): 2, enlarged view of
marked area (arrow) in 1; 3, IGCAGS-WFG-307, thin section WFG80816-2-14 (K22; 20.6 3 107); 4, 5, IGCAGS-WFG-188, thin section WFG80816-2-
1 (B32; 30.7 3 114.7): 5, enlarged view of marked area (arrow) in 4.
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FIGURE 9—Appendisphaera clava n. sp. 1, 2, IGCAGS-WFG-615, thin section WFG80816-2-21 (F24/3; 22.7 3 110.1): 2, enlarged view of marked area
(arrow) in 1; 3, IGCAGS-WFG-680, thin section WFG80816-2-32 (M56/2; 54.6 3 105.8); 4, 5, IGCAGS-NPIII-096, thin section NPIIIb-12 (U32; 30.8
3 96.9): 5, enlarged view of marked area (arrow) in 4; 6, 7, IGCAGS-WFG-748, thin section WFG80816-2-53 (Z58/4; 56.4 3 92.1): 7, enlarged view of
marked area (arrow) in 6.
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FIGURE 10—Appendisphaera crebra (Zang in Zang and Walter, 1992) n. comb. 1, 2, IGCAGS-NPIII-182, thin section NPII9-2-1 (G38; 36.4 3 109.8):
2, enlarged view of marked area (arrow) in 1; 3, 4, IGCAGS-NPIII-195, thin section NPII9-2-1 (S20; 19.3 3 98.4): 4, enlarged view of marked area
(arrow) in 3; 5, 6, IGCAGS-NPIII-315, thin section NPII9-2-9 (T53; 51.3 3 98.8): 6, enlarged view of marked area (arrow) in 5.
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FIGURE 11—Appendisphaera crebra (Zang in Zang and Walter, 1992) n. comb. 1, 2, IGCAGS-NPIII-202.5, thin section NPII9-2-2 (B31/4; 30.3 3
114.3): 2, enlarged view of marked area (arrow) in 1; 3, 4, IGCAGS-NPIII-189, thin section NPII9-2-1 (K57/3; 55 3 106.6): 4, enlarged view of marked
area (arrow) in 3; 5, 6, IGCAGS-NPIII-307, thin section NPII9-2-7 (S26; 25.1 3 99.3): 6, enlarged view of marked area (arrow) in 5.
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n555) or equivalent to 1.7–4% of vesicle diameter (average
3%, n555), and ,1 mm wide at base; 300–650 processes in
circumferential view (or ,40 processes in 100 mm interval).

Etymology.—Species name derived from Latin clavus (nail),
with reference to the nail-shaped processes of this species.

Holotype.—IGCAGS–WFG–676, Figure 8.1, 8.2.
Material.—More than 100 specimens, Member III (Niup-

ing) and lower Member III (Wangfenggang).
Remarks.—Several vesicles contain dark polyhedral internal

bodies (Figs. 8.3, 9.1, 9.3), which likely represent cleaving
cells. Other specimens contain condensed organic material,
which may represent shrunken and degraded cell masses
(Figs. 8.1, 9.6).

Among all published species of Appendisphaera, A,
grandis has processes somewhat similar to those of A. clava
n. sp. However, the new species can be differentiated from
all other Appendisphaera species by the combination of a
very large vesicle, short (relative to vesicle diameter)
processes with a small basal expansion and uniform length,
and dense and even distribution of processes. The new
species also show some similarities to Ericiasphaera densis-
pina n. sp. and E. rigida, but the latter two species have
solid processes.

APPENDISPHAERA CREBRA (Zang in Zang and Walter, 1992)
n. comb.

Figures 5.5, 10.1–10.6, 11.1–11.6

Goniosphaeridium crebrum ZANG in ZANG AND WALTER,
1992, p. 54, fig. 40F–40J.

Unnamed D, LIU, YIN C., CHEN, TANG, AND GAO, 2013,
fig. 12I, 12J.

Basionym.—Goniosphaeridium crebrum ZANG in ZANG AND

WALTER, 1992 (p. 54, fig. 40F–40J).
Description.—Medium-sized spherical vesicle bearing nu-

merous long, hollow, distally tapering (to a sharp tip), densely
arranged and basally joined, conical processes. Processes are
of uniform length and basal width, open directly into vesicle
cavity, and somewhat flexible.

Vesicle diameter 100–145 mm (average 125.6 mm, n56).
Process length 15–21 mm (average 16.4 mm, n513) or 13.3–16.5
percent of vesicle diameter (average 14.7%, n56), processes
width 3.8–5.6 mm (average 4.4 mm, n560) at base and ,1 mm
at tip. About 80–100 processes in circumferential view.

Material.—Nineteen well-preserved specimens, lower Mem-
ber III, Niuping section.

Remarks.—Condensed organic matter and pyrite, probably
derived from organic degradation, are present in some vesicles
(Figs. 10.1, 10.3, 11.1, 11.3). Zang and Walter (1992) described
Goniosphaeridium crebrum from Ediacaran shales of the
Pertatataka Formation, Amadeus basin, central Australia.
However, as pointed out by Moczydłowska (2005), the genus
Goniosphaeridium Eisenack, 1969 emended by Kjellström
(1971) and by Turner (1984), is a Paleozoic taxon that has
been synonymized with Polygonium Vavrdová, 1966 emended by
Sarjeant and Stancliffe (1994). Zhang et al. (1998) transferred
Goniosphaeridium crebrum to the Meghystrichosphaeridium
(5Mengeosphaera Xiao et al., 2014), but Mengeosphaera is defined
by strongly biform processes, a feature that is not present in
Goniosphaeridium crebrum. Considering that the density, length,
and thinness of the processes of G. crebrum can be accommodated
by Appendisphaera, this species is transferred to Appendisphaera.

Appendisphaera crebra n. comb. differs from other Appendi-
sphaera species in its uniform, closely spaced, and regularly
tapering conical processes. Morphologically this species has
some similarities to A. magnifica n. comb. However, its processes
are more densely arranged, basally joined, broader at base, and
slightly shorter in overall length (Fig. 12). Tanarium pluripro-
tensum, which has numerous hollow and distally tapering
processes, is similar to A. crebra. However, processes of A.
crebra are more abundant and basally joined, whereas those of
Tanarium pluriprotensum are usually separate at base.

APPENDISPHAERA? HEMISPHAERICA new species
Figures 5.6, 13.1–13.7, 14.1–14.7, 15.1–15.7

Unnamed B, LIU, YIN C., CHEN, TANG, AND GAO, 2013,
fig. 12C, 12D.

Diagnosis.—Medium-sized vesicle bearing numerous closely
and regularly spaced processes of uniform length. Processes
hollow and biform, with an inflated, conical or hemispherical
base and a long filamentous tip. Processes tightly and
regularly packed at the base (Figs. 13.3, 13.5, 14.6, 14.7),
and communicate freely with vesicle interior. Vesicle wall thin
and single-layered.

Description.—Holotype (Fig. 13.1–13.3): vesicle 140 mm in
diameter, processes 20 mm in length (14.3% of vesicle diameter),
basal part of processes 4.6–5.2 mm wide and 2.5–2.8 mm long
(average 4.9 mm wide and 2.7 mm long, n510), and distal part of
processes ,1 mm wide and 16 mm long (Fig. 13.3); ,90
processes in circumferential view (or ,21 processes in 100 mm
interval). Other material: vesicles 105–160 mm in diameter
(average 130 mm, n530), processes 15–25 mm in length (average

FIGURE 12—Comparison of vesicle and process size measurements of Appendisphaera crebra n. comb., A. longispina n. sp., and A. magnifica n. comb.
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FIGURE 13—Appendisphaera? hemisphaerica n. sp. 1, 2, holotype, IGCAGS-WFG-248, thin section WFG80816-2-6 (B40/4; 39 3 114.4), at different
focal levels; 3, enlarged view of marked area (arrow) in 2; 4, 5, IGCAGS-NPIII-215, thin section NPIII13-2-1 (E39/2; 37.7 3 111.6): 5, enlarged view of
marked area (arrow) in 4; 6, 7, IGCAGS-WFG-813, thin section WFG80816-1-29 (K25/1; 24 3 107.1): 7, enlarged view of marked area (arrow) in 6.
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FIGURE 14—Appendisphaera? hemisphaerica n. sp. 1, 2, IGCAGS-NPIII-400, thin section NPIII13-2-12 (Q31/1; 29.7 3 100.9): 2, enlarged view of
marked area (arrow) in 1; 3, 4, IGCAGS-NPIII-406, thin section NPIII13-2-12 ( R33; 32 3 100): 4, enlarged view of marked area (arrow) in 3; 5, 6,
IGCAGS-NPIII-402, thin section NPIII13-2-12 ( Q30/4; 29.7 3 100.9), at different focal levels; 7, enlarged view of marked area (arrow) in 5.
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FIGURE 15—Appendisphaera? hemisphaerica n. sp. 1, 2, IGCAGS-NPIII-214, thin section NPIII13-2-1 (E39/2; 37.7 3 111.6), at different focal levels;
3, enlarged view of marked area (arrow) in 2; 4, 5, IGCAGS-NPIII-253, thin section NPIII13-3-2 (T26/1; 24.7 3 98): 5, enlarged view of marked area
(arrow) in 4; 6, 7, IGCAGS-NPIII-254, thin section NPIII13-3-2 (W40/2; 39 3 95.5): 7, enlarged view of marked area (arrow) in 6.
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19.5 mm, n530) or equivalent to 12.5–17.2 percent of vesicle
diameter (average 15%, n530), conical base of processes 2.8–
5.2 mm wide and 2–4 mm long (average 3.6 mm wide and 2.5 mm
long, n530), filamentous tip of processes less than 1 mm wide
and 11–20 mm long; 80–120 processes in circumferential view (or
20–24 processes in 100 mm interval).

Etymology.—Species name derived from Greek hemi- (half)
and sphaira (sphere), with reference to the hemispherical base
of processes.

Holotype.—IGCAGS–WFG–248, Figure 13.1–13.3.
Material.—More than 200 specimens, lower Member III

(Wangfenggang) and Member III (Niuping).
Remarks.—This species is somewhat similar to A. magnifica

n. comb., but its biform processes distinguish it from A.
magnifica n. comb. and other Appendisphaera species. Indeed,
its biform processes make the generic assignment of this species
somewhat uncertain. The new species fits the diagnosis of
Appendisphaera because of its thin, hollow, and densely
distributed processes, but it is distinct from other species of
Appendisphaera in the very small yet distinguishable base. Its
biform processes are similar to those of Mengeosphaera, and it
is particularly similar to M. gracilis n. sp. However, Mengeo-
sphaera is characterized by much thicker and more prominently
biform processes, and the basal expansion of M. gracilis n. sp.
processes is much broader than that of A.? hemisphaerica n. sp.
(Fig. 16). The processes of A.? hemisphaerica n. sp. are also
somewhat similar to those of Cavaspina basiconica Moczy-
dłowska et al., 1993, but processes of the latter species are much
shorter and more sparsely distributed. Considering that the
type species of Appendisphaera, A. grandis, have processes
that gradually expand toward the base, we provisionally place
the new species in Appendisphaera. A formal assignment to
Appendisphaera would require an emendation of the genus to
accommodate biform processes.

APPENDISPHAERA LONGISPINA new species
Figures 5.7, 17.1–17.6, 18.1–18.6

Unnamed C, LIU, YIN C., CHEN, TANG, AND GAO, 2013,
fig. 12G, 12H.

Diagnosis.—Large spherical vesicle bearing numerous long,
hollow, evenly distributed, and basally joined processes of
uniform length. Processes slightly biform, with a tepee-shaped
and somewhat deflated base that continues into a long
filamentous tip. Processes communicate freely with the vesicle
cavity. Vesicle wall is thin and single-layered.

Description.—Holotype (Fig. 18.3, 18.4): vesicle 228 mm in
diameter, processes 32.5 mm in length (14.3% of vesicle

diameter), basal part of process 7.1–8.4 mm wide (average
7.8 mm, n510) and 7.5–8.5 mm long (average 8.2 mm, n510),
filamentous tip of process ,1 mm wide and 24.5 mm long
(Fig. 18.4); ,100 processes in circumferential view (or 12
processes in 100 mm interval). Other material: vesicle
diameter 205–370 mm (average 269 mm, n523), process
overall length 26–50 mm (average 35.5 mm, n523) or 10–
17.8 percent of vesicle diameter (average 12.8%, n523), basal
part of processes 5.1–8.5 mm wide (average 6.8 mm, n570)
and 7.5–10 mm long (average 7.8 mm, n570), and filamen-
tous tip ,1 mm wide and 18.5–40 mm long; 90–120 processes
in circumferential view (or 10–15 processes in 100 mm
interval).

Etymology.—Species name derived from Latin longus and
spina, with reference to the relatively long processes of the new
species.

Holotype.—IGCAGS–NPIII–141, Figure 18.3, 18.4.
Material.—More than 100 specimens, upper Member III,

Niuping section.
Remarks.—Some specimens of Appendisphaera longispina n.

sp. show considerable variation in process length (e.g.,
Figs. 17.4, 18.3), probably because the very thin tip of the
processes may not be preserved. This species is most similar to
A. crebra n. comb. and A. magnifica n. comb. (Fig. 12).
However, its vesicle (269 mm in average diameter) is larger than
that of A. crebra n. comb. (120 mm) and A. magnifica n. comb.
(130 mm, although the holotype of A. magnifica is ,300 mm in
vesicle diameter), its processes are longer and wider at base, and
its processes are basally joined (similar to A. crebra n. comb.). It
is difficult to determine whether the difference in vesicle size is
statistically significant, because diameters measured in thin
sections may not faithfully represent true vesicle diameters due
to eccentric cuts. Also, the relatively shorter processes of A.
crebra n. comb. and A. magnifica n. comb. may in part due to
incomplete preservation of the distal part of their processes.
Thus, it is possible that these three species may eventually turn
out to be conspecific. Nonetheless, these three species are
qualitatively different from A. clava n. sp. (much shorter
processes with a very low base) and A.? hemisphaerica n. sp. (a
prominent hemispherical base).

APPENDISPHAERA MAGNIFICA (Zhang, Yin L., Xiao, and
Knoll, 1998) n. comb.

Figures 5.8, 19.1–19.6, 20.1–20.6

Meghystrichosphaeridium magnificum ZHANG, YIN L., XIAO,
AND KNOLL, 1998, p. 36, fig. 10.5, 10.6; LIU, YIN C., CHEN,
TANG, AND GAO, 2013, fig. 11I, 11J.

FIGURE 16—Comparison of vesicle and process size measurements of Appendisphaera? hemisphaerica n. sp. and Mengeosphaera? gracilis n. sp.
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FIGURE 17—Appendisphaera longispina n. sp.; 1, 2, IGCAGS-NPIII-122, thin section NPIIIb-16 (U60/3; 58 3 96.9): 2, enlarged view of marked area
(arrow) in 1; 3, IGCAGS-NPIII-290, thin section NPIII16-1-3 (N44/1; 42 3 104.5); 4, 5, IGCAGS-NPIII-154, thin section NPIIIb-21 (N56/4; 54.5 3
103.4): 5, enlarged view of marked area (arrow) in 4; 6, IGCAGS-NPIII-068, thin section NPIIIb-8 (Q24/1; 23.1 3 101.3).
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FIGURE 18—Appendisphaera longispina n. sp.; 1, 2, IGCAGS-NPIII-124, thin section NPIIIb-16 (Z45/1; 43.2 3 92.3): 2, enlarged view of marked area
(arrow) in 1; 3, 4, holotype, IGCAGS-NPIII-141, thin section NPIIIb-19 (W40/2; 39 3 95.5): 4, enlarged view of marked area (arrow) in 3; 5, 6,
IGCAGS-NPIII-292, thin section NPIII16-1-3 (T36/2; 34.8 3 98.4): 6, enlarged view of marked area (arrow) in 5.
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FIGURE 19—Appendisphaera magnifica (Zhang, Yin L., Xiao, and Knoll, 1998) n. comb. 1, 2, IGCAGS-WFG-062, thin section WFG8421-6a (S48;
46.3 3 99.3): 2, enlarged view of marked area (arrow) in 1; 3, IGCAGS-WFG-745, thin section WFG80816-2-53 (X63; 61 3 94.6); 4, IGCAGS-WFG-
667, thin section WFG80816-2-31 (L46/2; 45 3 106.1); 5, 6, IGCAGS-WFG-316, thin section WFG80816-2-15 (O17; 16 3 102.6): 6, enlarged view of
marked area (arrow) in 5.
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FIGURE 20—Appendisphaera magnifica (Zhang, Yin L., Xiao, and Knoll, 1998) n. comb. 1, IGCAGS-WFG-737, thin section WFG80816-2-48 (H40/2;
38.6 3 109); 2, 3, IGCAGS-WFG-754, thin section WFG80816-2-54 (V33; 31.7 3 96.1): 3, enlarged view of marked area (arrow) in 2; 4, 5, IGCAGS-
WFG-057, thin section WFG8421-6a (E57/2; 55 3 112.3): 5, enlarged view of marked area (arrow) in 4; 6, IGCAGS-WFG-652, thin section WFG80816-
2-28 (P21/3; 20 3 101.5).
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FIGURE 21—Appendisphaera setosa n. sp. 1, 2, IGCAGS-WFG-755, thin section WFG80816-2-54 (Z15/1; 14.2 3 91.8): 2, enlarged view of marked
area (arrow) in 1; 3, 4, IGCAGS-WFG-761, thin section WFG80816-2-58 (C42/4; 41 3 113.2): 4, enlarged view of marked area (arrow) in 3; 5, 6,
IGCAGS-WFG-714, thin section WFG80816-2-42 (R33/2; 32 3 100.2): 6, enlarged view of marked area (arrow) in 5; 7, 8, IGCAGS-WFG-648, thin
section WFG80816-2-27 (E43; 41.5 3 112): 8, enlarged view of marked area (arrow) in 7.
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FIGURE 22—Appendisphaera setosa n. sp. 1, 2, IGCAGS-WFG-765, thin section WFG80816-2-58 (J35; 33.9 3 107.9): 2, enlarged view of marked area
(arrow) in 1; 3, 4, IGCAGS-WFG-153, thin section WFG80816-1-14 (S56/3; 54.2 3 99): 4, enlarged view of marked area (arrow) in 3; 5, 6, IGCAGS-
WFG-396, thin section WFG80816-3-24 (O49/3; 47 3 102.8): 6, enlarged view of marked area (arrow) in 5; 7, IGCAGS-WFG-642, thin section
WFG80816-2-24 (U49/3; 47.5 3 96.8); 8, 9, holotype, IGCAGS-NPIII-592, thin section NPIII15-2-11 (R22; 21.7 3 100.2): 9, enlarged view of marked
area (arrow) in 8, showing hollow processes.
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Basionym.—Meghystrichosphaeridium magnificum ZHANG,
YIN L., XIAO, AND KNOLL, 1998 (p. 36, fig. 10.5, 10.6).

Description.—Spherical vesicle, 100–160 mm in diameter
(average 127 mm, n523), bearing numerous closely and
regularly spaced uniform processes. Processes hollow and
communicate openly with vesicle interior, narrowly and
sharply conical, 19–36 mm in length (average 25 mm, n523)
or 14–30 percent of vesicle diameter (average 20%, n523),
2.1–3.37 mm in basal width (average 2.83 mm, n540). About
80–100 processes in circumferential view (or 10–12 processes
in 50 mm interval). Vesicle wall thin and single-layered.

Material.—More than 200 specimens, lower Member III
(Wangfenggang) and Member III (Niuping).

Remarks.—Meghystrichosphaeridium magnificum from up-
per Doushantuo phosphorite at Weng’an, Guizhou Province,

South China, is characterized by its very thin and sharply
pointed processes, which are distinct from the much broader
and strongly biform processes in the type species of Meghy-
strichosphaeridium Zhang et al., 1998 (5Mengeosphaera), M.
chadianensis Chen and Liu, 1986. Based on its densely
distributed, hollow, and slender processes, M. magnificum is
transferred to the genus Appendisphaera. The specimens
described here are very similar to the holotype from Doush-
antuo phosphorite at Weng’an, although their vesicles are
smaller and processes are slightly broader at base. Appendi-
sphaera magnifica n. comb. is somewhat similar to A. grandis in
vesicle size and process morphology, although processes of the
former species are more regularly distributed and taper more
sharply. Its processes are narrower at base than those of A.
crebra n. comb. and A. longispina n. sp. (Fig. 12).

FIGURE 23—Appendisphaera tenuis Moczydłowska, Vidal, and Rudavskaya, 1993 emend. Moczydłowska, 2005. 1, 2, IGCAGS-WFG-630, thin
section WFG80816-2-22 (Y34/2; 33.4 3 93.4): 2, enlarged view of marked area (arrow) in 1; 3, 4, IGCAGS-WFG-297, thin section WFG80816-2-12
(N23/3; 22 3 103.4): 4, enlarged view of marked area (arrow) in 3.
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FIGURE 24—1, 2, Asterocapsoides sinensis Yin C. and Li, 1978 emend. Xiao, Zhou, Liu, Wang, and Yuan, 2014, IGCAGS-WFG-352, thin section
WFG80816-3-15 (E19/4; 18.5 3 111.5): 2, enlarged view of marked area (arrow) in 1; 3–6, Bacatisphaera baokangensis Zhou, Brasier, and Xue, 2001
emend. Xiao, Zhou, Liu, Wang, and Yuan, 2014; 3, 4, IGCAGS-WFG-740, thin section WFG80816-2-53 (N58/3; 56 3 103.8): 4, enlarged view of
marked area (arrow) in 3; 5, 6, IGCAGS-XFH-435, thin section XFH01-40 (K24/4; 24 3 106.6), at different focal levels.
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FIGURE 25—Bispinosphaera peregrina n. gen. n. sp. 1–7, holotype, IGCAGS-XFH-230, thin section X71013-4-008 (D32/3; 30.6 3 112.2); 1 and 2 at
different focal levels, with arrows indicating large conical processes. Arrows labeled as A-B in 1 correspond to enlarged views shown in 3–7, respectively.
Arrows in 2 mark additional large processes.
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APPENDISPHAERA SETOSA new species
Figures 5.9, 21.1–21.8, 22.1–22.9

Unnamed G, LIU, YIN C., CHEN, TANG, AND GAO, 2013,
fig. 12K, 12L.

Diagnosis.—An Appendisphaera species with large vesicles
bearing short (,5% of vesicle diameter), extremely thin, and
bristly processes that lack a basal expansion.

Description.—Spheroidal to subspheroidal vesicle, 200–
580 mm in diameter (holotype 400 mm, average 390 mm,
n530), bearing numerous evenly arranged but basally separate
bristle-like processes. Processes hollow, short, extremely thin,
rigid, uniform in length, open into vesicle cavity, slightly
tapering towards a pointed tip, and lack a basal expansion.
Processes 15–20 mm long (16 mm for holotype, average 17.5,
n530) and ,2.5 mm wide at base. Approximately 120
processes in circumferential view, spaced at 5–10 mm.

Etymology.—Species name derived from Latin setosus, with
reference to the bristly processes.

Holotype.—IGCAGS–NPIII–592, Figure 22.8, 22.9.
Material.—More than 100 specimens, lower Member III

(Wangfenggang) and Member III (Niuping).
Remarks.—The thin, hollow, and densely distributed pro-

cesses of this species identify it with the genus Appendisphaera.
This species can be easily confused with Ericiasphaera rigida if
not viewed at high magnification to verify its hollow processes.
Appendisphaera setosa n. sp. can be differentiated from other
Appendisphaera species and Cavaspina basiconica by the lack of
a basal expansion in its processes. Appendisphaera setosa n. sp. is
most similar to A. clava n. sp., although processes of the latter
species have a slightly expanded base, and they are shorter and
more densely distributed than those in A. setosa n. sp.

APPENDISPHAERA TENUIS Moczydłowska, Vidal, and
Rudavskaya, 1993 emend. Moczydłowska, 2005

Figures 5.10, 23.1–23.4

Appendisphaera tenuis MOCZYDŁOWSKA, VIDAL, AND RU-

DAVSKAYA, 1993, p. 506, text-fig. 7; GREY, 2005, p. 224,

fig. 113A–113D; MOCZYDŁOWSKA, 2005, p. 296, fig. 5A–5F;
WILLMAN AND MOCZYDŁOWSKA, 2008, p. 520, fig. 7B, 7C;
VOROB’EVA, SERGEEV, AND CHUMAKOV, 2008, fig. 2k, 2l;
GOLUBKOVA, RAEVSKAYA, AND KUZNETSOV, 2010, pl. 1, fig. 2,
pl. 3, figs. 5, 6; SERGEEV, KNOLL, AND VOROB’EVA, 2011, fig. 5.4–
5.6; XIAO, ZHOU, LIU, WANG, AND YUAN, 2014, p. 9, fig. 3.4.

? Appendisphaera tenuis; Yin L., ZHU, KNOLL, YUAN, ZHANG,
AND HU, 2007, fig. 1b.

Description.—Two specimens (145 mm 3 115 mm and 250 mm
3 120 mm) with deformed vesicles bearing numerous relatively
short processes. Processes hollow, slender, and distally tapering
to a pointed tip. Processes open freely into vesicle cavity, evenly
distributed, and densely arranged (12 processes in 50 mm interval)
but basally separate. Processes 13–17.5 mm in length (7–9% of
maximum diameter of vesicle) and ,3 mm in width at base.

Material.—Two specimens, lower Member III, Wangfeng-
gang section.

Remarks.—The original diagnosis of this species was
provided by Moczydłowska et al. (1993) based on material
from the Nepa-Botuoba region in eastern Siberia. Moczy-
dłowska (2005) later emended the diagnosis of this species,
which can be differentiated from other Appendisphaera species
by its short, distally pointed, and relatively sparse processes.
The Doushantuo specimens described here are similar to the
eastern Siberia specimens in vesicle size, process morphology,
and relative length of processes, although their processes have
a slightly more prominent basal expansion.

Appendisphaera tenuis has been previously described from
Ediacaran rocks in Australia (Grey, 2005; Willman et al.,
2006; Willman and Moczydłowska, 2008, 2011), the Patom
region of eastern Siberia (Vorob’eva et al., 2008; Sergeev et al.,
2011), and probably also in the Doushantuo Formation
at Xiaofenghe (Yin L. et al., 2007). Moczydłowska (2005)
commented on the Australian specimens identified as A. tenuis
by Grey (2005). According to Moczydłowska (2005), only one of the
Australian specimens (Grey, 2005, fig. 113B) is unambiguously A.
tenuis, whereas the identification of other specimens (Grey, 2005,
fig. 113A, 113C) remains dubious due to poor preservation.
Recognizing the taphonomic variations, all three Australian
specimens identified by Grey (2005) are tentatively placed under A.
tenuis. Compared to the holotype (Moczydłowska et al., 1993), A.
tenuis specimens from the Patom region (Vorob’eva et al., 2008;
Sergeev et al., 2011) have shorter processes. Moreover, their
processes are less densely distributed and some appear to have an
expanded conical base, a key feature of Cavaspina basiconica. It is
possible that the Patom material may represent transitional forms
between A. tenuis and C. basiconica, or may eventually prove to be C.
basiconica. The ratio between process length and vesicle diameter of
the Doushantuo specimen illustrated in Yin L. et al. (2007) is greater
than that of the type material, but that specimen was observed in a
thin section which may or may not capture the maximum diameter
of the vesicle. Thus, the Doushantuo specimen illustrated in Yin L. et
al. (2007) is questionably placed under A. tenuis.

Genus ASTEROCAPSOIDES Yin L. and Li, 1978 emend. Xiao,
Zhou, Liu, Wang, and Yuan, 2014

Type species.—A. sinensis Yin L. and Li, 1978 emend. Xiao,
Zhou, Liu, Wang, and Yuan, 2014.

Other species.—A. robustus Xiao, Zhou, Liu, Wang, and
Yuan, 2014; A. wenganensis (Chen and Liu, 1986) Xiao, Zhou,
Liu, Wang, and Yuan, 2014.

ASTEROCAPSOIDES SINENSIS Yin L. and Li, 1978 emend.
Xiao, Zhou, Liu, Wang, and Yuan, 2014

Figure 24.1, 24.2

Asterocapsoides sinensis YIN L. AND LI, 1978, p. 87, pl. 9,
fig. 7; KNOLL, 1992, p. 762, pl. 6, figs. 5, 6; ZHANG, YIN L.,

FIGURE 26—Sketches showing vesicle and process morphologies of
Bispinosphaera peregrina n. gen. n. sp.
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FIGURE 27—1, 2, Cavaspina acuminata Moczydłowska, Vidal, and Rudavskaya, 1993, IGCAGS-XFH-234, thin section X71013-4-008 (K32/1; 31 3
107), with processes marked by arrows: 2, enlarged view of marked area (black arrow) in 1; 3–6, Cavaspina basiconica Moczydłowska, Vidal, and
Rudavskaya, 1993; 3, 4, IGCAGS-WFG-459, thin section WFG8421-02 (D48; 46.3 3 112.7): 4, enlarged view of marked area (arrow) in 3; 5, IGCAGS-
WFG-217, thin section WFG80816-2-3 (F42/3; 40.5 3 110.3); 6, IGCAGS-NPIII-152, thin section NPIIIb-21 (O37/2; 35.9 3 103.3).
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FIGURE 28—Ceratosphaeridium glaberosum Grey, 2005. 1, IGCAGS-WFG-367, thin section WFG80816-3-15 (V17; 16 3 96); 2, IGCAGS-WFG-537,
thin section WFG8421-72 (S43; 41.4 3 99.6); 3, IGCAGS-WFG-382, thin section WFG80816-3-23 (J42; 40.2 3 107.8); 4, IGCAGS-XFH-383, thin
section X71013-4-92 (N32; 30.6 3 103.6); 5, IGCAGS-WFG-105, thin section WFG80816-1-1 (Y45/4; 43.8 3 93.2); 6, 7, IGCAGS-XFH-340, thin
section X71013-4-67 (G42/4; 40.8 3 110.3), at different focal levels.
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FIGURE 29—1, 2, Crinita paucispinosa n. sp., holotype, IGCAGS-NPIII-198, thin section NPII9-2-1 (V50/2; 48.7 3 96.2): 2, enlarged view of marked
area (arrow) in 1; 3, 4, Crinita? sp., IGCAGS-NPIII-597, thin section NPIII15-2-13 (R47/2; 46 3 100), at different focal levels; 5, enlarged view of
marked area (arrow) in 3; 6, enlarged view of marked area (arrow) in 4.
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FIGURE 30—Cymatiosphaeroides yinii Yuan and Hofmann, 1998. 1, 2, IGCAGS-WFG-483, thin section WFG80816-3-1 (K25/1; 25 3 107): 2,
enlarged view of marked area (arrow) in 1; 3, 4, IGCAGS-NPIII-082, thin section NPIIIb-11 (F54/3; 52.2 3 110.5): 4, enlarged view of marked area
(arrow) in 3; 5, 6, IGCAGS-WFG-327, thin section WFG80816-3-1 (L41/2; 39.8 3 106): 6, enlarged view of marked area (arrow) in 5; 7, 8, IGCAGS-
WFG-508, thin section WFG8421-60 (S47/2; 45.8 3 99.1): 8, enlarged view of marked area (arrow) in 7.
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FIGURE 31—1–9, Eotylotopalla dactylos Zhang, Yin L., Xiao, and Knoll, 1998: 1, IGCAGS-WFG-434, thin section WFG80816-3-34 (J31/2; 30.5 3
108); 2, IGCAGS-XFH-293, thin section X71013-4-39 (K31/4; 30.3 3 106.6); 3, IGCAGS-WFG-695, thin section WFG80816-2-35 (H22/4; 21.3 3
108.4); 4, IGCAGS-XFH-277, thin section X71013-4-30 (L45/2; 43.5 3 106.4); 5, IGCAGS-WFG-176, thin section WFG80816-1-17 (T21/4; 20.4 3
97.6); 6, IGCAGS-XFH-301, thin section X71013-4-47 (O27/2; 26 3 102.9); 7, IGCAGS-WFG-549, thin section WFG8421-81 (V43; 41.5 3 96.5); 8,
IGCAGS-WFG-318, thin section WFG80816-3-1 (U34/2; 33.3 3 96.9); 9, enlarged view of 8, arrow pointing to bifurcating processes; 10–13,
Eotylotopalla sp.: 10, IGCAGS-NPIII-227, thin section NPIII13-2-2 (C46/3; 44 3 113.2); 11, different focal level of 10; 12, 13, IGCAGS-XFH342, thin
section X71013-4-67 (H38; 36.3 3 108.7), at different focal levels.
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FIGURE 32—Eotylotopalla delicata Yin L., 1987. 1, IGCAGS-WFG-607, thin section WFG80816-2-18 (Q30/2; 29.5 3 101.1); 2, 3, IGCAGS-WFG-
800, thin section WFG80816-1-27 (G52/2; 50.4 3 110.4), at different focal levels; 4, 5, IGCAGS-XFH-060, thin section 71013-4-11 (G28/2; 27.5 3 109.7):
5, enlarged view of marked area (arrow) in 4; 6, IGCAGS-XFH-335, thin section X71013-4-61 (L39/3; 37.3 3 105.5); 7, IGCAGS-XFH-193, thin section
XFH8817-1-23 (B21/3; 19.6 3 114.1); 8, IGCAGS-XFH-322, thin section X71013-4-57 (C44/4; 42.8 3 113.5); 9, 10, IGCAGS-XFH-111, thin section
XFH01-8 (W43/2; 42 3 95.7): 10, enlarged view of marked area (arrow) in 9; 11, IGCAGS-XFH-333, thin section X71013-4-61 (K34; 32.6 3 106.6).
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XIAO, AND KNOLL, 1998, p. 24, fig. 5.10; XIAO, ZHOU, LIU,
WANG, AND YUAN, 2014, p. 11, fig. 5.1–5.3.

Asterocapsoides sp., ZHOU, CHEN, AND XUE, 2002, pl. 2, fig. 6.

Description.—Spheroidal vesicle, 390 mm 3 250 mm in size,
bearing a moderate number of obtusely conical processes.
Processes hollow, communicate freely with the vesicle cavity,

15 mm long (3.9% of vesicle maximum diameter) and 30 mm
wide at base. Base of adjacent processes often separated.
About 30 processes in circumferential view.

Material.—One specimen, lower Member III, Wangfeng-
gang section.

Remarks.—Yin L. and Li (1978) described Asterocapsoides
sinensis from Doushantuo chert in Changyang, Yangtze

FIGURE 33—Ericiasphaera densispina n. sp. 1, 2, holotype, IGCAGS-NPIII-029, thin section NPIIIa-3 (U41/2; 40.3 3 97.3), at different focal levels; 3,
enlarged view of marked area (arrow) in 2; 4, IGCAGS-WFG-495, thin section WFG8421-45 (W30/4; 29 3 94.7); 5, 6, IGCAGS-WFG-825, thin section
WFG80816-1-32 (S44/1; 42.3 3 99.6): 6, enlarged view of marked area (arrow) in 5.
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FIGURE 34—Ericiasphaera magna (Zhang, 1984) Zhang, Yin L., Xiao, and Knoll, 1998. 1, 2, IGCAGS-WFG-763, thin section WFG80816-2-58 (E27;
26 3 111.7): 2, enlarged view of marked area (arrow) in 1; 3, 4, IGCAGS-WFG-220, thin section WFG80816-2-3 (K58/4; 56.4 3 106.9): 4, enlarged view
of marked area (arrow) in 3; 5, 6, IGCAGS-NPIII-308, thin section NPII9-2-7 (U20; 19.1 3 97.3): 6, enlarged view of marked area (arrow) in 5; 7,
IGCAGS-WFG-555, thin section WFG8421-90 (T30/2; 29 3 98.1); 8, IGCAGS-XFH-247, thin section X71013-4-16 (D45; 43.3 3 112.7); 9, 10,
IGCAGS-WFG-694, thin section WFG80816-2-35 (F41/4; 39.8 3 110.7): 10, enlarged view of marked area (arrow) in 9 at a different focus level.
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FIGURE 35—Ericiasphaera cf. spjeldnaesii Vidal, 1990. 1, 2, IGCAGS-XFH-297, thin section X71013-4-44 (R41; 39.3 3 100): 2, enlarged view of
marked area (arrow) in 1; 3, 4, IGCAGS-NPIII-208, thin section NPII9-2-3 (G44/2; 42.6 3 109.8): 4, enlarged view of marked area (arrow) in 3; 5, 6,
IGCAGS-NPIII-201, thin section NPII9-2-1 (X19; 18.4 3 94): 6, enlarged view of marked area (arrow) in 5; 7, 8, IGCAGS-NPIII-305, thin section
NPII9-2-7 (B25/4; 24.2 3 114.6): 8, enlarged view of marked area (arrow) in 7.
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Gorges, South China. The species diagnosis was emended by
Xiao et al. (2014) to de-emphasize the importance of an outer
membrane. The specimen illustrated here also lacks an outer
membrane but otherwise fits the description of by Yin L. and
Li (1978). Zhang et al. (1998) regarded Tanarium tuberosum
as a junior synonym of A. sinensis. However, processes of T.
tuberosum are often longer than wide and its vesicle is much
smaller. Thus, T. tuberosum is regarded as a distinct species
(Grey, 2005; Moczydłowska 2005).

Genus BACATISPHAERA Zhou, Brasier, and Xue, 2001 emend.
Xiao, Zhou, Liu, Wang, and Yuan, 2014

Type species.—B. baokangensis Zhou, Brasier and Xue, 2001.

BACATISPHAERA BAOKANGENSIS Zhou, Brasier and Xue, 2001
emend. Xiao, Zhou, Liu, Wang, and Yuan, 2013

Figure 24.3–24.6

Bacatisphaera baokangensis ZHOU, BRASIER, AND XUE, 2001,
p. 1172, pl. 4, figs. 5–8; XIAO, ZHOU, LIU, WANG, AND

YUAN, 2014, p. 14, fig. 6.1–6.6, and synonyms therein.

Description.—Spherical vesicle, 95–200 mm in diameter,
bearing large numbers of pimple-like or hemispherical
processes. Processes hollow, loosely and regularly arranged,
and communicate freely with vesicle interior. Processes closely
spaced, almost in contact at base. Processes twice as wide as
long (7.5–10 mm in diameter at base and 5–6.5 mm in length).
About 35–60 processes in circumferential view.

Material.—Two specimens, lower Member III, Wangfeng-
gang and Xiaofenghe sections.

Remarks.—The hemispherical processes of the specimens
described here are similar to those of the holotype from the
Doushantuo Formation in the Baokang area to the north of
the Yangtze Gorges (Zhou et al., 2001), although the current
specimens have smaller vesicles than the holotype.

As discussed in Xiao et al. (2014), Bacatisphaera baokan-
gensis is very similar to and may be synonymous with
Pustulisphaera membranacea from Doushantuo phosphorites
in Weng’an area (Zhang et al., 1998), but at present we
follow Zhou et al.’s suggestion that these two species are
differentiated by the greater process density and the presence
of two extra membranes in P. membranacea. Bacatisphaera
baokangensis can be distinguished from Eotylotopalla strobi-
lata, which also bears densely distributed hemispherical

processes, by the more variable processes and much smaller
vesicles (65–85 mm in diameter) in the latter species (Sergeev
et al., 2011).

Genus BISPINOSPHAERA new genus

Type species.—B. peregrina n. sp.
Diagnosis.—As for type species.
Etymology.—From the Latin bi- and spina and Greek

sphaira, with reference to the presence of two types of
processes in this species.

BISPINOSPHAERA PEREGRINA new species
Figures 25.1–25.7, 26

Diagnosis.—Large spheroidal vesicle with two types of
processes (bimorphic processes): large hollow processes and
small solid hair-like processes. Large processes conical, few,
and sparsely distributed, with blunt tips. Their interior is
divided by flat or distally convex tabulae or cross-walls. Hair-
like processes are short, abundant, and densely distributed on
vesicle surface.

Description.—Vesicle ,400 mm in diameter; large conical
processes 32–35 mm in length and 20–25 mm in basal width, ,5
large processes in circumferential view, spacing of tabulae in
large process interior 4–10 mm; hair-like processes 13 mm in
length and ,1 mm in width.

Etymology.—From Latin peregrinus meaning exotic, with
reference to unusual presence of both solid and hollow
processes on the same vesicle.

Material.—One specimen, lower Member III, Xiaofenghe
section.

Holotype.—IGCAGS–XFH–230, Figure 25.1–25.7.
Remarks.—Bispinosphaera n. gen. is characterized by the

presence of both solid and hollow processes. Sinosphaera is
also characterized by bimorphic processes, but both types of
processes are hollow and its large conical processes are not
divided by tabulae. The large conical processes of Bispino-
sphaera peregrina n. sp. are somewhat similar to those of
Weissiella grandistella in the presence of interior tabulae,
however W. grandistella has only one type of processes.
Without the large conical processes, B. peregrina n. sp. would
be similar to some Ericiasphaera species, but its bimorphic
processes allow a clear taxonomic distinction.

FIGURE 36—Gyalosphaeridium sp., IGCAGS-XFH-362, thin section X71013-4-75 (Z39/3; 37.4 3 91.4); 2, enlarged view of marked area (arrow) in 1.

SILICIFIED EDIACARAN MICROFOSSILS FROM DOUSHANTUO FORMATION 41



FIGURE 37—Hocosphaeridium anozos (Willman, 2008) Xiao, Zhou, Liu, Wang, and Yuan, 2014. 1, 2, IGCAGS-NPIII-047, thin section NPIIIb-4
(G35/4; 32.7 3 109): 2, enlarged view of marked area (arrow) in 1; 3, IGCAGS-NPIII-069, thin section NPIIIb-8 (P39/2; 38.4 3 101.9); 4, IGCAGS-
WFG-095, thin section WFG8421-8b (T48; 46.5 3 97.7); 5, IGCAGS-NPIII-139, thin section NPIIIb-19 (Q37/1; 35.8 3 101.5); 6, IGCAGS-NPIII-078,
thin section NPIIIb-10 (K29/4; 28.2 3 106.4); 7, IGCAGS-WFG-101, thin section WFG8421-8b (W51/1; 49.2 3 95.8).
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FIGURE 38—Hocosphaeridium anozos (Willman, 2008) Xiao, Zhou, Liu, Wang, and Yuan, 2014. 1, IGCAGS-NPIII-053, thin section NPIIIb-4 (O33/
1; 31.5 3 103.2); 2, IGCAGS-NPIII-055, thin section NPIIIb-4 (U35; 33.8 3 97.3); 3, IGCAGS-NPIII-144, thin section NPIIIb-19 (X45/2; 44 3 94.6); 4,
IGCAGS-NPIII-133, thin section NPIIIb-18 (N30; 28.9 3 103.8); 5, IGCAGS-NPIII-140, thin section NPIIIb-19 (R37/3; 36 3 99.7); 6, IGCAGS-
WFG-573, thin section WFG8421-108 (F51/4; 49.3 3 110.5); 7, IGCAGS-WFG-461, thin section WFG8421-2 (N55; 53.5 3 104.3); 8, IGCAGS-WFG-
463, thin section WFG8421-2 (U46/2; 44.6 3 97.3); 9, IGCAGS-WFG-464, thin section WFG8421-2 (W50/4; 48.5 3 94.8).
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Genus CAVASPINA Moczydłowska, Vidal,
and Rudavskaya, 1993

Type species.—C. acuminata Moczydłowska, Vidal, and
Rudavskaya, 1993.

Other species.—C. amplitudinis Willman and Moczy-
dłowska, 2011; C. basiconica Moczydłowska, Vidal, and
Rudavskaya, 1993; C. uria (Nagovitsin and Faizullin in
Nagovitsin, Faizullin, and Yakshin, 2004) Nagovitsin and
Moczydłowska in Moczydłowska and Nagovitsin, 2012.

CAVASPINA ACUMINATA MoczydŁowska, Vidal, and
Rudavskaya, 1993
Figure 27.1, 27.2

Cavaspina acuminata MOCZYDŁOWSKA, VIDAL, AND RUDAVS-

KAYA, 1993, p. 509, text-fig. 10A, 10B; XIAO, ZHOU, LIU,
WANG, AND YUAN, 2014, p. 16, fig. 7.1–7.6, and synonyms
therein.

Description.—Large oval vesicle, 410 mm 3 300 mm in size,
originally spherical, and bearing a low density of irregularly
spaced processes. Processes conical, expanded at base but
tapering to a sharply pointed apex, hollow, communicate
freely with vesicle cavity, 25–30 mm long and 6 mm wide at
base, with seven processes preserved in circumferential
view.

Material.—One specimen, lower Member III, Xiaofenghe
section.

Remarks.—The specimen described here is similar to the
type specimen from the Nepa-Botuoba region in eastern
Siberia (Moczydłowska et al., 1993), but the vesicle is 6–8
times larger. However, Cavaspina acuminata specimens with
vesicle size up to 240 mm have been known previously (Zhang
et al., 1998; Willman and Moczydłowska, 2008; Vorob’eva
et al., 2009b; Willman and Moczydłowska, 2011).

CAVASPINA BASICONICA Moczydłowska, Vidal, and
Rudavskaya, 1993
Figure 27.3–27.6

Cavaspina basiconica MOCZYDŁOWSKA, VIDAL, AND RUDAVS-

KAYA, 1993, p. 510, text-fig. 11; XIAO, ZHOU, LIU, WANG,
AND YUAN, 2014, p. 16, fig. 8.1–8.8, and synonyms therein.

Description.—Vesicle 85–385 mm in diameter, bearing
abundant and evenly distributed conical processes, which are
almost equal in length and have an expanded base. Processes
hollow, 15–50 mm in length, 2.5–5 mm in basal width, spaced at
5–25 mm intervals (,55 processes in circumferential view),
open into vesicle cavity, and taper rapidly from an expanded
base to a slender distal part with a sharply pointed tip.

Material.—Four specimens, lower Member III (Wangfeng-
gang) and upper Member III (Niuping).

Remarks.—Some of our specimens are larger than but
otherwise similar to the holotype from the Nepa-Botuoba
region in eastern Siberia (Moczydłowska et al., 1993). Zhang
et al. (1998, p. 36, fig. 10.7, 10.8) described two specimens
from the upper Doushantuo Formation in the Yangtze
Gorges area of South China as Meghystrichosphaeridium
perfectum (Kolosova, 1991) Zhang, Yin L., Knoll, and Xiao,
1998. Moczydłowska (2005) pointed out that the basionym of
M. perfectum (Tanarium perfectum Kolosova, 1991) was
invalidly published and that specimens published under
M. perfectum and T. perfectum should be identified Cavaspina
basiconica. Moczydłowska’s (2005) synonymization is
tentatively accepted, although the Doushantuo specimens of
M. perfectum have more densely distributed processes than
the type material of C. basiconica.

Genus CERATOSPHAERIDIUM Grey, 2005

Type species.—C. mirabile Grey, 2005.
Other species.—C. glaberosum Grey, 2005.

CERATOSPHAERIDIUM GLABEROSUM Grey, 2005
Figure 28.1–28.7

Ceratosphaeridium glaberosum GREY, 2005, p. 237, figs. 43L,
124, 129, 132, 133, 134A–134F, 135A–135G, 136–139;
WILLMAN, MOCZYDŁOWSKA, AND GREY, 2006, p. 27, pl.
2, figs. 1, 2; WILLMAN AND MOCZYDŁOWSKA, 2008, p. 523,
fig. 5C, 5D;LIU, YIN C., CHEN, TANG, AND GAO, 2010,
text-fig. 5.4; WILLMAN AND MOCZYDŁOWSKA, 2011, p. 25,
pl. 2, fig. 4; MOCZYDŁOWSKA AND NAGOVITSIN, 2012, p. 14,
fig. 4D; LIU, YIN C., CHEN, TANG, AND GAO, 2012b,
fig. 2A–2E; LIU, YIN C., CHEN, TANG, AND GAO, 2013,
fig. 13D.

Ceratosphaeridium cf. C. glaberosum, GOLUBKOVA, RAEVS-

KAYA, AND KUZNETSOV, 2010, pl. 4, fig. 1.

Description.—Small to large vesicle, 42–230 mm in diameter
(average 128 mm, n59). Vesicle walls are generally smooth,
thin, and single-layered. Vesicle bears a single prominent
process which is hollow, tapers with a closed apex, and freely
communicates with vesicle cavity. Processes 15–78 mm in
length (average 39 mm, n59) and 4.5,13 mm in basal width
(average 11.8 mm, n59).

Material.—Nine specimens, lower Member III, Wangfeng-
gang and Xiaofenghe sections.

Remarks.—The specimen illustrated in Figure 28.3 has one
process, although it differs from other specimens in that its
process is distally blunt. However, Ceratosphaeridium glaberosum

FIGURE 39—Sketches showing vesicle and process morphologies of Hocosphaeridium species. 1, H. anozos (Willman, 2008) Xiao, Zhou, Liu, Wang,
and Yuan, 2014; 2, H. dilatatum n. sp.; 3, H. scaberfacium Zang in Zang and Walter, 1992, emend.
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FIGURE 40—Hocosphaeridium dilatatum n. sp. 1, 2, holotype, IGCAGS-NPIII-418, thin section NPIII13-2-13 (J20/4; 19.7 3 107.3): 2, enlarged view
of marked area (arrow) in 1; 3, 4, IGCAGS-NPIII-419, thin section NPIII13-2-13 (J20/4; 19.7 3 107.3): 4, enlarged view of marked area (arrow) in 3; 5,
6, IGCAGS-NPIII-424, thin section NPIII13-2-14 (L17; 17.2 3 105.8): 6, enlarged view of marked area (arrow) in 5; 7, 8, IGCAGS-NPIII-421, thin
section NPIII13-2-13 (W26/4; 25.8 3 95): 8, enlarged view of marked area (arrow) in 7.
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FIGURE 41—Hocosphaeridium scaberfacium Zang in Zang and Walter, 1992, emend. 1, IGCAGS-NPIII-168, thin section NPIIIb-23 (G53/1; 50.9 3
109.9); 2, 3, IGCAGS-WFG-423, thin section WFG80816-3-31 (T35/1; 33.5 3 98): 3, enlarged view of marked area (arrow) in 2; 4, IGCAGS-XFH-312,
thin section X71013-4-52 (R30; 28.7 3 99.8); 5, IGCAGS-NPIII-204, thin section NPII9-2-2 (Q28; 27.5 3 100.8); 6, IGCAGS-NPIII-235, thin section
NPIII13-2-2 (F33/1; 31.4 3 110.7); 7, IGCAGS-NPIII-049, thin section NPIIIb-4 (H41; 39.5 3 108.4).
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FIGURE 42—Hocosphaeridium scaberfacium Zang in Zang and Walter, 1992, emend. 1, IGCAGS-XFH-316, thin section X71013-4-52 (U30/3; 28.5 3
96.9); 2, IGCAGS-WFG-117, thin section WFG80816-1-4 (T41/2; 40 3 98.1); 3, IGCAGS-WFG-408, thin section WFG80816-3-30 (R30; 28.9 3 99.2);
4, IGCAGS-WFG-300, thin section WFG80816-2-14 (P28/4; 27 3 101.4); 5, IGCAGS-WFG-491, thin section WFG8421-40 (R41; 40.5 3 109.9).
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is diagnosed as having a single process with a pointed or blunt tip
(Grey, 2005, p. 240). Thus, this specimen is placed in C.
glaberosum.

Genus CRINITA Vorob’eva, Sergeev, and Knoll, 2009b

Type species.—C. unilaterata Vorob’eva, Sergeev, and
Knoll, 2009b.

Remarks.—The genus Crinita was originally described from
the Ediacaran Vychegda Formation in the Timan Ridge of
Russia and is characterized by polarized distribution of
processes: processes arising from one hemisphere of the vesicle
(Vorob’eva et al., 2009b). Ancorosphaeridium magnum Sergeev,
Knoll, and Vorob’eva, 2011, from the Ediacaran Ura Forma-
tion in the Patom region of eastern Siberia is also characterized
by polarized distribution of processes, but its processes are
terminated by grapnel hook-like branches (Sergeev et al., 2011;
Moczydłowska and Nagovitsin, 2012). Vorob’eva et al. (2009b)
also commented on Eotintinnopsis pinniforma Li et al., 2007,
and Wujiangella beidoushanese Li et al., 2007, from the
Doushantuo Formation at Weng’an of South China, which
appear to have unilaterally distributed processes that were
interpreted by Li et al. (2007) as cilia of loricate ciliates. The
illustrated specimens (at least those of E. pinniforma), however,
represent multiple acritarchs that were compressed together
(Dunthorn et al., 2010); thus, the apparent polarized distribu-
tion of processes is a taphonomic artifact, and the overall
morphology of E. pinniforma is similar to Ericiasphaera magna
(Zhang, 1984) Zhang, Yin L., Xiao, and Knoll, 1998.

CRINITA PAUCISPINOSA new species
Figure 29.1, 29.2

Diagnosis.—A species of Crinita with medium-sized vesicle
bearing sparse homomorphic processes. Processes long,
cylindrical, flexible, hollow, and communicate freely with
vesicle cavity. Processes are distributed on one side of the
vesicle, gathered into a tail-like structure, but individual
processes are clearly discernible.

Description.—Holotype (Fig. 29.1, 29.2): vesicle 100 mm 3
130 mm, processes ,75 mm long and 7.5 mm wide, with seven
processes in circumferential view.

Etymology.—Species name derived from Latin pauci- and
spinosus, with reference to the fewer processes in this species
compared to the type species C. unilaterata.

Holotype.—IGCAGS–NPIII–198, Figure 29.1, 29.2.
Material.—One specimen, lower Member III, Niuping

section.
Remarks.—Examination of the specimen at different focus

levels shows that the processes are distributed on one side of
the vesicle, and there are no traces of processes on the other
side. Thus, it fits the diagnosis of Crinita. Compared to C.
unilaterata, C. paucispinosa n. sp. has much fewer and thicker
processes. In addition, the processes of C. unilaterata were
said to be separated from vesicle cavity (Vorob’eva et al.,
2009b), although the illustrated specimens are heavily
carbonized and it is unclear whether the processes are
separated from or communicate with the vesicle cavity.
Ancorosphaeridium magnum also has unilaterally distributed
processes, but they are terminated by grapnel hook-like
branches (Sergeev et al., 2011; Moczydłowska and Nagovitsin,
2012).

CRINITA? sp.
Figure 29.3–29.6

Description.—Spheroidal vesicle, 115 mm in diameter,
bearing three robust processes (as viewed in thin section),
arranged sparsely on one hemisphere of the vesicle. Processes
cylindrical, short, hollow, communicate with vesicle cavity,T
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FIGURE 43—Knollisphaeridium denticulatum n. sp. 1, 2, holotype, IGCAGS-NPIII-085, thin section NPIIIb-11 (J47/2; 45.9 3 108): 2, enlarged view of
marked area (arrow) in 1; 3, 4, IGCAGS-NPIII-249, thin section NPIII13-2-3 (P22; 21.2 3 101.6): 4, enlarged view of marked area (arrow) in 3; 5,
IGCAGS-NPIII-478, thin section NPIII13-3-4 (O49/2; 48 3 103.6); 6, 7, IGCAGS-NPIII-564, thin section NPIII15-2-4 (L40; 38.8 3 106.2): 7, enlarged
view of marked area (arrow) in 6; 8, 9, IGCAGS-NPIII-554, thin section NPIII13-3-22 (Q22/3; 21 3 100.7): 9, enlarged view of marked area (arrow) in 8.
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slightly expanded at base, open distally (possibly due to
breakage), ,5 mm long, and ,5 mm wide at base.

Material.—One specimen, upper Member III, Niuping section.
Remarks.—It appears that the processes are broken and

thus the distal opening could be taphonomic in origin. Polarized
distribution of processes is found in the genus Crinita and the
Siberia species Ancorosphaeridium magnum (Vorob’eva et al.,
2009b; Sergeev et al., 2011; Moczydłowska and Nagovitsin,
2012), but they differ in the termination of processes. The
current specimen, with only three processes in thin section,
could represent a new species, but due to its incompletely
preserved processes its generic placement is uncertain. Thus, it is
tentatively placed as an open nomenclature in the genus Crinita.

Genus CYMATIOSPHAEROIDES Knoll, 1984 emend.
Knoll, Swett, and Mark, 1991

Type species.—C. kullingii Knoll, 1984 emend. Knoll, Swett,
and Mark, 1991.

Other species.—C. yinii Yuan and Hofmann, 1998.
Remarks.—Cymatiosphaeroides dilutopilum Zang in Zang and

Walter, 1992 has been transferred to Appendisphaera dilutopila by
Grey (2005). Specimens identified as C. pilatopilum Zang in Zang
and Walter, 1992 have been reassigned to Appendisphaera barbata,
A. dilutopila, and Knollisphaeridium triangulum (Grey, 2005).

CYMATIOSPHAEROIDES YINII Yuan and Hofmann, 1998
Figure 30.1–30.8

Cymatiosphaeroides yinii YUAN AND HOFMANN, 1998, p. 197,
figs. 6C, 6D, 7C.

Description.—Large spheroidal to subspheroidal vesicle
with two walls. Inner wall 255–350 mm in diameter and bears
numerous thin (,0.5 mm) solid cylindrical processes that
penetrate a smooth multilamellate outer wall. Processes
slightly thickened at base and evenly spaced. Outer wall
consists of up to ten thin laiminae. Processes 5.5–6.5 mm in
length and spaced at 2–3 mm intervals. Thickness of multi-
lamellate outer wall more or less equals length of processes.

Material.—Four specimens, lower Member III (Wangfeng-
gang) and upper Member III (Niuping).

Remarks.—Yuan and Hofmann (1998) established Cymatio-
sphaeroides yinii based on specimens from Doushantuo Formation
at Weng’an, South China. The specimens described here are similar
to those by Yuan and Hofmann (1998), although their processes
are longer and their multilamellate outer wall is thus thicker.

Genus EOTYLOTOPALLA Yin L. 1987

Type species.—E. delicata Yin L., 1987.
Other species.—E. dactylos Zhang, Yin L., Xiao, and Knoll,

1998; E. strobilata (Faizullin, 1998) Sergeev, Knoll, and
Vorob’eva, 2011 (5E. minorosphaera Vorob’eva, Sergeev and
Knoll, 2009).

EOTYLOTOPALLA DACTYLOS Zhang, Yin L., Xiao,
and Knoll, 1998
Figure 31.1–31.9

Eotylotopalla dactylos ZHANG, YIN L., XIAO, AND KNOLL,
1998, p. 26, fig. 7.8, 7.9; XIAO, ZHOU, LIU, WANG, AND

YUAN, 2014, p. 20, fig. 11.1–11.3, and synonyms therein.

FIGURE 44—Sketches showing vesicle and process morphologies of Knollisphaeridium species described in this paper. 1, K. denticulatum n. sp.; 2, K.
longilatum n. sp.; 3, K. parvum n. sp.; 4, K. maximum (Yin L., 1987) Willman and Moczydłowska, 2008; 5, K. obtusum n. sp. 100 mm scale bar for vesicles
and 10 mm scale bar for processes.
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FIGURE 45—Knollisphaeridium longilatum n. sp. 1, 2, holotype, IGCAGS-NPIII-221, thin section NPIII13-2-1 (R24; 23.3 3 99.6): 2, enlarged view of
marked area (arrow) in 1; 3, 4, IGCAGS-NPIII-103, thin sectionNPIIIb-14 (S43/3; 41.3 3 98.5): 4, enlarged view of marked area (arrow) in 3; 5, 6,
IGCAGS-WFG-771, thin section WFG80816-2-60 (O38; 36.5 3 103): 6, enlarged view of marked area (arrow) in 5; 7, 8, IGCAGS-NPIII-178, thin
section NPIIIb-24 (X29/2; 28.5 3 94.6): 8, enlarged view of marked area (arrow) in 7.
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FIGURE 46—Knollisphaeridium maximum (Yin L., 1987) Willman and Moczydłowska, 2008. 1, 2, IGCAGS-XFH-434, thin section XFH01-40 (J24/4;
23.4 3 107.2): 2, enlarged view of marked area (arrow) in 1; 3, 4, IGCAGS-XFH-395, thin section XFH01-4a (F29/4; 28.5 3 110.4): 4, enlarged view of
marked area (arrow) in 3; 5, 6, IGCAGS-XFH-228, X71013-4-5 (W49/4; 47.6 3 95): 6, enlarged view of marked area (arrow) in 5; 7, 8, IGCAGS-XFH-
215, thin section XFH8817-2-14 (M27/3; 25.6 3 104.5): 8, enlarged view of marked area (arrow) in 7; 9, 10, IGCAGS-XFH-331, thin section X71013-4-
51 (Z31/2; 30.4 3 92): 10, enlarged view of marked area (arrow) in 9; 11, IGCAGS-XFH-227, thin section X71013-4-5 (V47/4; 46 3 95.6); 12, IGCAGS-
XFH-241, thin section X71013-4-10 (O42; 40.8 3 102.9).
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FIGURE 47—Knollisphaeridium maximum (Yin L., 1987) Willman and Moczydłowska, 2008. 1, 2, IGCAGS-XFH-353, thin section X71013-4-72 (L40/
2; 39 3 106.2), at different focal levels; 3, 4, IGCAGS-XFH-084, thin section 71013-4-17 (B45; 43.5 3 114.8), at different focal levels; 5, enlarged view of
marked area (arrow) in 3; 6, 7, IGCAGS-XFH-044, thin section 71071-4-8 (T42; 40.5 3 98): 7, enlarged view of marked area (arrow) in 6.
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FIGURE 48—Knollisphaeridium obtusum n. sp. 1, 2, holotype, IGCAGS-XFH-416, thin section XFH01-24a (M29/2; 28.2 3 105): 2, enlarged view of
marked area in 1; 3, IGCAGS-XFH-093, thin section XFH01-5 (D23; 21.9 3 113.3); 4, 5, IGCAGS-XFH-315, thin section X71013-4-52 (U31/3; 29.5 3
96.7): 5, enlarged view of marked area in 4; 6, IGCAGS-XFH-105, thin section XFH01-7 (G41; 39.6 3 109.7).
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Description.—Spherical vesicle, 40–100 mm (average 70 mm,
n518) in diameter, bearing a moderate number of regularly
spaced cylindrical or digitate processes. Processes 6–30 mm long
(average 19 mm, n518) and 5–22.5 mm wide at base (average
13.8 mm, n518), hollow, freely communicate with vesicle cavity,
slightly tapering distally, rounded or truncated at distal end,
with 11–16 processes in circumferential view. In some
specimens, processes are taphonomically distorted (Fig. 31.4).

Material.—Nineteen specimens, lower Member III (Wang-
fenggang and Xiaofenghe) and upper Member III (Niuping).

Remarks.—Although the current specimens show greater
variations in vesicle diameter, number of processes, process
length, and process basal width than the material illustrated by
Zhang et al. (1998; vesicle diameter 35–45 mm, process length
9–14 mm, and process basal width 6–8 mm), both populations
share the digitate process morphology that characterizes
Eotylotopalla dactylos. One specimen (Fig. 31.8, 31.9), with
dichotomously branching processes and surrounded an outer
membrane, may belong to another species, but is currently
tentatively placed in E. dactylos.

FIGURE 49—Knollisphaeridium parvum n. sp. 1, 2, holotype, IGCAGS-WFG-004, thin section WFG8421-1a (J39/2; 37.8 3 107.6): 2, enlarged view of
marked area (arrow) in 1; 3, 4, IGCAGS-WFG-009, thin section WFG8421-1a (K34/4; 33.2 3 106.4): 4, enlarged view of marked area (arrow) in 3; 5, 6,
IGCAGS-WFG-012, thin section WFG8421-1a (P32/2; 31.3 3 102.3): 6, enlarged view of marked area (arrow) in 5.
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FIGURE 50—Mengeosphaera angusta n. sp. 1, 2, holotype, IGCAGS-NPIII-351, thin section NPIII13-2-4 (Q34/4; 33.5 3 101): 2, enlarged view of
marked area (arrow) in 1; 3, 4, IGCAGS-NPIII-349, thin section NPIII13-2-4 (G28/1; 27 3 110.6): 4, enlarged view of marked area (arrow) in 3; 5, 6,
IGCAGS-NPIII-352, thin section NPIII13-2-4 (T37/2; 36 3 99): 6, enlarged view of marked area (arrow) in 5.
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EOTYLOTOPALLA DELICATA Yin L., 1987
Figure 32.1–32.11

Eotylotopalla delicata YIN L., 1987, p. 442, pl. 23, fig. 15; pl. 24,
figs. 8, 9; ZHANG, YIN L., XIAO, AND KNOLL, 1998, p. 26,
fig. 7.3–7.7; YIN C, 1999, p. 10, pl. 3, figs. 4, 5; YUAN, XIAO, YIN

L., KNOLL, ZHOU, AND MU, 2002, p. 72, figs. 93, 94; YIN C.,
LIU, GAO, WANG, TANG, AND LIU, 2007, pl. 10, figs. 1, 2; YIN

L., WANG, YUAN, AND ZHOU, 2011, figs. 4E, 5B; YIN C., LIU,
AWRAMIK, CHEN, TANG, GAO, WANG, RIEDMAN, 2011, p. 292,
fig. 6a; LIU, YIN C., CHEN, LI, GAO, AND TANG, 2012, p. 860,
fig. 5.8; LIU, YIN C, CHEN, TANG, AND GAO, 2013, fig. 11H.

Sumenosphaeridium minuta YIN C. in YIN C. AND LIU, 1988,
p. 177, pl. 9, figs. 4, 5; YIN C., 1990, p. 270, pl. 1, fig. 5.

Description.—Spherical vesicle, bearing a moderate number
of regularly spaced bulbous processes. Processes hollow,
freely communicate with vesicle cavity, and often slightly
constricted at base. Specimens from the Xiaofenghe section
(Fig. 32.4–32.11) are in closely packed clusters, they are
relatively small (vesicle diameter 40–50 mm), and their
processes are 5–8 mm in length and 5–10 mm in maximum
width, with ,15 processes in circumferential view. Two
specimens from the Wangfenggang section (Fig. 32.1–32.3)

FIGURE 51—Sketches showing vesicle and process morphologies of Mengeosphaera species described in this paper. 1, M. angusta n. sp.; 2, M. bellula n.
sp.; 3, M. cf. bellula n. sp.; 4, M. constricta n. sp.; 5, M.? cuspidata n. sp.; 6, M.? gracilis n. sp.; 7, M. latibasis n. sp.; 8, M. minima n. sp.; 9, M. grandispina
n. sp.; 10, M. spicata n. sp.; 11, M. spinula n. sp.; 12, M. stegosauriformis n. sp.; 13, M. triangularis n. sp.; 14, M. uniformis n. sp. 100 mm scale bar for
vesicles and 20 mm scale bar for processes.
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FIGURE 52—Mengeosphaera bellula n. sp. 1, 2, holotype, IGCAGS-NPIII-266, thin section NPIII13-3-3 (R50/4; 48.6 3 99.8), at different focal levels;
3, enlarged view of marked area (arrow) in 2; 4, 5, IGCAGS-WFG-786, thin section WFG80816-1-25 (K42/2; 42.7 3 107.2), at different focal levels; 6,
IGCAGS-WFG-787, thin section WFG80816-1-25 (M56; 54 3 105.6); 7, IGCAGS-WFG-782, thin section WFG80816-1-25 (K34/2; 33.4 3 107).
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FIGURE 53—Mengeosphaera bellula n. sp. 1–3, IGCAGS-WFG-402, thin section WFG80816-3-27 (X44; 42.4 3 94), at different focal levels; 4–6,
IGCAGS-WFG-167, thin section WFG80816-1-15 (D35; 33.8 3 112.7), at different focal levels; 7, IGCAGS-WFG-799, thin section WFG80816-1-27
(F41/2; 39.8 3 111.4); 8, IGCAGS-WFG-427, thin section WFG80816-3-33 (J46; 44.3 3 107.8); 9, 10, IGCAGS-WFG-792, thin section WFG80816-1-
25 (S31; 30 3 98.8): 10, enlarged view of marked area (arrow) in 9; 11, IGCAGS-NPIII-354, thin section NPIII13-2-4 (J24/2; 23.8 3 108); 12, 13,
IGCAGS-WFG-411, thin section WFG80816-3-30 (N43/1; 41 3 104): 13, enlarged view of marked area (arrow) in 12.
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FIGURE 54—Mengeosphaera cf. bellula n. sp. 1, IGCAGS-NPIII-472, thin section NPIII13-2-16 (V43/1; 41.9 3 96.7); 2, IGCAGS-NPIII-443, thin
section NPIII13-2-15 (K25/4; 24.5 3 106.3); 3, IGCAGS-NPIII-416, thin section NPIII13-2-12 (V33/1; 31.8 3 96.4); 4, IGCAGS-NPIII-385A, thin
section NPIII13-2-7 (O32/2; 31.5 3 103.3); 5, IGCAGS-NPIII-466, thin section NPIII13-2-16 (F27; 26.7 3 110.6); 6, IGCAGS-NPIII-385B, thin section
NPIII13-2-7 (O32/2; 31.5 3 103.3).
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are preserved as dispersed individuals, they are comparatively
larger (vesicle diameter up to 100 mm), and their processes are
6–11 mm in length and 6–13 mm in maximum width.

Material.—More than 100 specimens, lower Member III,
Wangfenggang and Xiaofenghe.

Remarks.—Although the Wangfenggang specimens are
larger than the type material and preserved individually, their
bulbous processes with basal constriction identify them with
Eotylotopalla delicata.

EOTYLOTOPALLA sp.
Figure 31.10–31.13

Description.—Vesicle oval to spherical in outline, originally
spheroidal, possessing a small number of randomly and
sparsely distributed processes. Processes hollow, conical with
a broad base and a rounded distal end, and freely
communicate with vesicle cavity. Specimen illustrated in
Figure 31.10, 31.11: vesicle diameter 85 mm, processes 8.5–

FIGURE 55—Mengeosphaera cf. bellula n. sp. 1, IGCAGS-NPIII-375, thin section NPIII13-2-6 (O26; 24.8 3 103); 2, IGCAGS-NPIII-384, thin section
NPIII13-2-7 (M29/4; 28.3 3 105.3); 3, IGCAGS-NPIII-378, thin section NPIII13-2-6 (Y24/2; 23.4 3 93); 4, IGCAGS-NPIII-377, thin section NPIII13-
2-6 (S36/2; 34.8 3 99.9).
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FIGURE 56—Mengeosphaera constricta n. sp. 1, 2, holotype, IGCAGS-WFG-826, thin section WFG80816-1-32 (U52/2; 50.6 3 97.5): 2, enlarged view
of marked area (arrow) in 1; 3, 4, IGCAGS-NPIII-242, thin section NPIII13-2-2 (T43/4; 41.6 3 97.5): 4, enlarged view of marked area (arrow) in 3; 5, 6,
IGCAGS-NPIII-243, thin section NPIII13-2-2 (W50/2; 48.6 3 96): 6, enlarged view of marked area (arrow) in 5.
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FIGURE 57—Mengeosphaera constricta n. sp. 1, 2, IGCAGS-NPIII-437, thin section NPIII13-2-15 (J41; 39.7 3 107.8): 2, enlarged view of marked area
(arrow) in 1, showing curved apical spine (arrow); 3, 4, IGCAGS-NPIII-563, thin section NPIII15-2-4 (N48/4; 47.2 3 103.7), showing curved apical
spine (black arrow): 4, enlarged view of marked area (white arrow) in 3 at different focal level, showing curved apical spine (arrow); 5, 6, IGCAGS-
NPIII-583, thin section NPIII15-2-11 (L50/1; 48.1 3 106.2): 6, enlarged view of marked area (arrow) in 5.
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FIGURE 58—Mengeosphaera constricta n. sp. 1, 2, IGCAGS-NPIII-234, thin section NPIII13-2-2 (F37; 35.7 3 110.5), at different focal levels; 3,
enlarged view of marked area (arrow) in 1; 4, IGCAGS-NPIII-217, thin section NPIII13-2-1 (E28; 26.8 3 111.4); 5, IGCAGS-NPIII-119, thin section
NPIIIb-16 (P39/2; 38.1 3 102.2); 6, 7, IGCAGS-WFG-791, thin section WFG WFG80816-1-25 (S29; 28.2 3 99): 7, enlarged view of marked area
(arrow) in 6; 8, IGCAGS-NPIII-236, thin section NPIII13-2-2 (F28/3; 26.6 3 110.3); 9, 10, IGCAGS-NPIII-238, thin section NPIII13-2-2 (J29; 27.7 3
107.6): 10, enlarged view of marked area (arrow) in 9.
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FIGURE 59—Mengeosphaera? cuspidata n. sp. 1, 2, holotype, IGCAGS-NPIII-169, thin section NPIIIb-23 (K19/4; 19 3 106.3): 2, enlarged view of
marked area (arrow) in 1; 3, 4, IGCAGS-NPIII-079, thin section NPIIIb-10 (M30/2; 29.5 3 105): 4, enlarged view of marked area (arrow) in 3; 5, 6,
IGCAGS-NPIII-170, thin section NPIIIb-23 (Q58/1; 55.8 3 101.4): 6, enlarged view of marked area (arrow) in 5.
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FIGURE 60—Mengeosphaera? gracilis n. sp. 1, 2, holotype, IGCAGS-WFG-727, thin section WFG80816-2-46 (B17; 16.5 3 114.4): 2, enlarged view of
marked area (arrow) in 1; 3, 4, IGCAGS-WFG-733, thin section WFG80816-2-47 (M37/4; 36.1 3 104.6): 4, enlarged view of marked area (arrow) in 3; 5,
6, IGCAGS-WFG-752, thin section WFG80816-2-54 O44/4; 43.3 3 102.4): 6, enlarged view of marked area (arrow) in 5; 7, 8, IGCAGS-WFG-753, thin
section WFG80816-2-54 (O44/4; 43.3 3 102.4): 8, enlarged view of marked area (arrow) in 7; 9, IGCAGS-XFH-344, thin section X71013-4-67 (Q49/2;
47.6 3 101.2); 10, IGCAGS-NPIII-291, thin section NPIII16-1-3 (R44/2; 43.2 3 100.5).
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FIGURE 61—Mengeosphaera grandispina n. sp. 1, 2, holotype, IGCAGS-WFG-631, thin section WFG80816-2-23 (Y53/4; 52 3 93.2): 2, enlarged view
of marked area (arrow) in 1; 3, 4, IGCAGS-WFG-645, thin section WFG80816-2-26 (C51; 49.2 3 113.9): 4, enlarged view of marked area (arrow) in 3; 5,
IGCAGS-WFG-687, thin section WFG80816-2-34 (C56/2; 54.8 3 113.8); 6, IGCAGS-WFG-682, thin section WFG80816-2-32 (T53/2; 51.7 3 98.3).
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FIGURE 62—Mengeosphaera latibasis n. sp. 1, 2, holotype, IGCAGS-NPIII-540, thin section NPIII13-3-16 (V31/1; 29.8 3 96.2): 2, enlarged view of
marked area (arrow) in 1; 3, 4, IGCAGS-NPIII-260, thin section NPIII13-3-3 (K21/4; 20.5 3 106.4), black arrow pointing to obtusely domical basal
expansions: 4, enlarged view of marked area (white arrow) in 3; 5, 6; IGCAGS-NPIII-643, thin section NPIII16-1-9 (J33/1; 31.8 3 108.4): 6, enlarged
view of marked area (arrow) in 5.
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FIGURE 63—Mengeosphaera minima n. sp. 1, holotype, IGCAGS-NPIII-090A, thin section NPIIIb-11 (R34/3; 32.7 3 99.8); 2, IGCAGS-NPIII-173,
thin section NPIIIb-23 (V27; 26.3 3 95.9); 3, IGCAGS-NPIII-412, thin section NPIII13-2-12 (R29; 28 3 100); 4, IGCAGS-NPIII-413, thin section
NPIII13-2-12 (R29/4; 28.2 3 99.8); 5, IGCAGS-NPIII-414, thin section NPIII13-2-12 (R29/4; 28.2 3 99.8); 6, IGCAGS-NPIII-664, thin section
NPIII16-1-14 (R35/2; 34.2 3 100.2). Arrows point to distally curved processes.
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FIGURE 64—Mengeosphaera spicata n. sp. 1, 2, holotype, IGCAGS-NPIII-407, thin section NPIII13-2-12 (R33/2; 32 3 100): 2, enlarged view of
marked area (arrow) in 1; 3, 4, IGCAGS-NPIII-219, thin section NPIII13-2-1 (H37/4; 36 3 108.3): 4, enlarged view of marked area (arrow) in 3; 5, 6,
IGCAGS-XFH-041, thin section 71013-4-8 (Q30/2; 29.5 3 101): 6, enlarged view of marked area (arrow) in 5.
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FIGURE 65—Mengeosphaera spinula n. sp. 1, 2, holotype, IGCAGS-WFG-412, thin section WFG80816-3-30 (L40/1; 38.5 3 106): 2, enlarged view of
marked area (arrow) in 1; 3, 4, IGCAGS-WFG-413, thin section WFG80816-3-30 (L40/1; 38.5 3 106): 4, enlarged view of marked area (arrow) in 3; 5, 6,
IGCAGS-NPIII-207, thin section NPII9-2-3 (D36; 34.8 3 112.2): 6, enlarged view of marked area (arrow) in 5; 7, IGCAGS-WFG-593, thin section
WFG8421-119 (Z45/1; 43.6 3 92.5).

SILICIFIED EDIACARAN MICROFOSSILS FROM DOUSHANTUO FORMATION 71



FIGURE 66—Mengeosphaera spinula n. sp. 1, 2, IGCAGS-NPIII-300, thin section NPII9-2-5 (S39/1; 37.4 3 99.5): 2, enlarged view of marked area
(arrow) in 1; 3, 4, IGCAGS-NPIII-310A, thin section NPII9-2-8 (M50/2; 48.3 3 105.5): 4, enlarged view of marked area (arrow) in 3; 5, 6, IGCAGS-
NPIII-334, thin section NPII9-2-20 (T33/4; 32 3 98.2): 6, enlarged view of marked area (arrow) in 5.
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12.5 mm long and 7–9.5 mm wide at base, with eight processes in
an equatorial section. Specimen illustrated in Figure 31.12, 31.13:
vesicle 60 mm 3 40 mm, processes 10.5 mm long and 12 mm wide at
base, with seven processes observed in an equatorial section.

Material.—Two specimens, lower Member III (Xiaofenghe)
and upper Member III (Niuping).

Remarks.—This species differs from other Eotylotopalla
species in their distinctively smaller number and sparsely
distributed processes. However, their processes morphology
is somewhat similar to E. dactylos. Thus, they are tentatively
placed in an open nomenclature. Several other Ediacaran
acanthomorph species are also characterized by sparse
processes, including Tanarium tuberosum (Moczydłowska et
al., 1993), Tanarium megaconicum (Grey, 2005), Timani-
sphaera apophysa, Keltmia cornifera, K. irregularia, and
Galeasphaeridium bicorporis (Vorob’eva et al., 2009b). All
these taxa are much larger than and can be additionally
differentiated from Eotylotopalla sp. by their processes with
pointed distal end (T. tuberosum, T. megaconicum), longer

processes (T. megaconicum, K. cornifera, K. irregularia),
cylindrical processes (K. irregularia), and two oppositely
arranged conical processes with a broad base (G. bicorporis).

Genus ERICIASPHAERA Vidal, 1990 emend. Grey, 2005

Type species.—E. spjeldnaesii Vidal, 1990.
Other species.—E. adspersa Grey, 2005; E. crispa Xiao,

Zhou, Liu, Wang, and Yuan, 2014; E. densispina n. sp.; E.
magna Zhang, Yin L, Xiao, and Knoll, 1998; E. polystacha
Grey, 2005; E. rigida Zhang, Yin L, Xiao, and Knoll, 1998; E.
sparsa Zhang, Yin L, Xiao, and Knoll, 1998.

ERICIASPHAERA DENSISPINA new species
Figure 33.1–33.6

Ericiasphaera ?rigida ZHANG, YIN L, XIAO, AND KNOLL,
1998, fig. 7.10–7.12.

Diagnosis.—Large spheroidal vesicle, originally spherical,
bearing numerous closely distributed processes. Processes

FIGURE 67—Mengeosphaera stegosauriformis n. sp. 1, 2, holotype, IGCAGS-XFH-368, at different focal levels; arrows point to division between two
hemispherical cell-like internal bodies; 3, IGCAGS-XFH-369; 4, IGCAGS-XFH-370. These three specimens occur together in thin section X71013-4-86
(Q33/4; 32.2 3 100.7).
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FIGURE 68—Mengeosphaera triangularis n. sp. 1, holotype, IGCAGS-NPIII-280, thin section NPIII-15-2-3 (H31; 30 3 108.7); 2, IGCAGS-WFG-788,
thin section WFG80816-1-25 (N47/1; 40 3 104.2); 3, IGCAGS-NPIII-057, thin section NPIIIb-5 (S28/4; 28 3 98.6); 4, IGCAGS-NPIII-038, thin section
NPIIIb-3 (Q39/4; 38 3 102.4); 5, IGCAGS-WFG-778, WFG80816-1-25 (G36/2; 35.5 3 110); 6, IGCAGS-WFG-794, thin section WFG80816-1-25 (T44/1;
42.5 3 98.4); 7, IGCAGS-WFG-822, thin section WFG80816-1-30 (U44; 42.7 3 96.9); 8, IGCAGS-NPIII-270, thin section NPIII15-2-1 (T14; 13.5 3 98.4).
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short, straight, solid, inflexible, uniform in length, and
gradually tapering toward a distal end.

Description.—Vesicle 250–280 mm in diameter (average
266 mm, n54). Processes 6–7.5 mm long (average 7 mm,
n540) and ,1.5 mm wide at base, with ,6 processes in 20 mm
interval. The density of the processes gives a false impression
of a rather thick vesicle wall (Fig. 33.1, 33.2), but at high
magnification the individual processes become readily visible
(Fig. 33.3).

Etymology.—Species name derived from Latin densus and
spina, with reference to the straight and densely distributed
processes of this taxon.

Holotype.—IGCAGS–NPIII–029, Figure 33.1–33.3.
Material.—Four specimens, lower Member III (Wangfeng-

gang) and upper Member III (Niuping).
Remarks.—Two of the four specimens are poorly preserved

(Fig. 33.4, 33.5), one of which was likely taphonomically
fragmented and then enrolled (Fig. 33.5), but the great density
of straight processes identity them with the holotype. The
specimen illustrated as Ericiasphaera ?rigida by Zhang et al.
(1998) can be accommodated by the new species described
here. Ericiasphaera densispina n. sp. is different from E. rigida
in its greater density of processes which taper gradually
toward a distal tip. This species can also be differentiated from
Knollisphaeridium maximum, as the latter taxon has hollow
processes that are more expanded at base.

ERICIASPHAERA MAGNA (Zhang, 1984) Zhang, Yin L., Xiao,
and Knoll, 1998

Figure 34.1–34.10

Ericiasphaera magna (ZHANG, 1984) ZHANG, YIN L., XIAO,
AND KNOLL, 1998, p. 28, fig. 8.1, 8.2; XIAO, ZHOU, LIU,
WANG, AND YUAN, 2014, p. 20, fig. 13.1–13.5, and
synonyms therein.

Comasphaeridium magnum ZHANG, 1984; YUAN AND HOF-

MANN, 1998, p. 197, fig. 6A, 6B.
Ericiasphaera sp., YUAN AND HOFMANN, 1998, p. 202, fig. 9A, 9B.

Description.—Large spheroidal to spherical vesicle, 280–
450 mm in diameter (average 343 mm, n56), bearing numerous
solid, flexible, hair-like processes. Processes 25–35 mm in
length and ,0.5 mm in diameter, with 6–8 processes in 20 mm
interval.

Material.—Eleven specimens, lower Member III (Wang-
fenggang and Xiaofenghe) and Member III (Niuping).

ERICIASPHAERA cf. SPJELDNAESII Vidal, 1990
Figure 35.1–35.8

Description.—Large spheroidal vesicle, 250–600 mm in
diameter (average 410 mm, n512), bearing numerous closely
distributed, short, solid, flexible, hair-like cylindrical process-
es. Processes 6–18 mm in length (average 9.3 mm, n512) and
,0.5 mm in width. Specimens are highly degraded so that not
all processes are visible.

Material.—Twelve specimens, lower Member III, Niuping
and Xiaofenghe sections.

Remarks.—The short, solid, and flexible processes are
similar to those of Ericiasphaera spjeldnaesii, although they
are thinner and more densely distributed than those of the type
specimen (Vidal, 1990). However, because the specimens in
our collection are poorly preserved, they are placed in an open
nomenclature pending more detailed description on the basis
of better preserved material.

Genus GYALOSPHAERIDIUM Zang in Zang and Walter,
1992 emend. Grey, 2005

Type species.—G. pulchrum Zang in Zang and Walter, 1992.

Remarks.—The genus Gyalosphaeridium is characterized by
relatively long biform processes with a cylindrical or conical
base and a rapidly tapering tip. Zang in Zang and Walter, 1992
established G. kartoblastum and G. inconstantum, which Grey
(2005) regarded as synonymous with G. pulchrum and Alice-
sphaeridium medusoidum Zang in Zang and Walter, 1992,
respectively. Several published species of Gyalosphaeridium
have short conical processes and probably should be placed in
Cavaspina, rather than Gyalosphaeridium. These include G.
basiconica (5Cavaspina basiconica), G. multispinulosum Grey,
2005, and Gyalosphaeridium minutum Nagovitsin and Faizullin
in Nagovitsin, Faizullin, and Yakshin, 2004. Grey (2005)
transferred C. basiconica to the genus Gyalosphaeridium, but
C. basiconica has short conical processes and thus does not fit
the diagnosis of Gyalosphaeridium. Gyalosphaeridium multi-
spinulosum also has conical processes, and indeed has been
considered a junior synonym of C. basiconica (Willman et al.,
2006; Willman and Moczydłowska, 2008, 2011). Similarly, G.
minutum is characterized by a moderate number of conical
processes, and has been synonymized with C. uria (Nagovitsin
and Faizullin in Nagovitsin et al., 2004) Nagovitsin and
Moczydłowska in Moczydłowska and Nagovitsin, 2012.

GYALOSPHAERIDIUM sp.
Figure 36.1, 36.2

Description.—Spheroidal vesicle, 100 mm in diameter,
bearing numerous densely distributed processes. Processes
hollow, freely communicate with vesicle cavity, separate at
base, and predominantly conical (although some are irregular)
with a slightly widened base and blunt tip. Processes 10 mm
long (,10% of vesicle diameter) and 4 mm wide at base, with
,80 processes in circumferential view.

Material.—One specimen, lower Member III, Xiaofenghe
section.

Remarks.—The distally truncated processes of our specimen
is somewhat similar to Gyalosphaeridium pulchrum and
Tanarium digitiforme (Nagovitsin and Faizullin in Nagovitsin,
Faizullin, and Yakshin, 2004) Sergeev, Knoll, and Vorob’eva,
2011. But processes of the latter are more cylindrical. With
only one specimen in our collection, we place it in an open
nomenclature.

Genus HOCOSPHAERIDIUM Zang in Zang and Walter,
1992 emend. Xiao, Zhou, Liu, Wang, and Yuan, 2014

Type species.—H. scaberfacium Zang in Zang and Walter, 1992.
Other species.—H. anozos (Willman, 2008) Xiao, Zhou, Liu,

Wang, and Yuan, 2014; H. dilatatum n. sp.
Remarks.—As discussed in Xiao et al. (2014), the distally

hooked processes of Hocosphaeridium are regarded as a
consistent biological feature that warrants recognition at the
genus level.

HOCOSPHAERIDIUM ANOZOS (Willman in Willman and
Moczydłowska, 2008) Xiao, Zhou, Liu, Wang, and Yuan,

2014
Figures 37.1–37.7, 38.1–38.9, 39.1

Hocosphaeridium scaberfacium ZANG in ZANG AND WALTER,
1992, fig. 45G (not 45A–45F).

Tanarium irregulare? MOCZYDŁOWSKA, VIDAL, AND RUDAVS-

KAYA, 1993; GREY, 2005, p. 309, fig. 225.
Tanarium anozos WILLMAN in WILLMAN AND MOCZY-

DŁOWSKA, 2008, p. 526, fig. 13A–13F.
Hocosphaeridium anozos (WILLMAN in WILLMAN AND MOC-

ZYDŁOWSKA, 2008) XIAO, ZHOU, LIU, WANG, AND YUAN,
2014, p. 28, fig. 16.1–16.10, and synonyms therein.
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FIGURE 69—Mengeosphaera uniformis n. sp. 1, 2, holotype, IGCAGS-NPIII-527, thin section NPIII13-3-12 (K45/4; 43.9 3 106.7), at different focal
levels; 3, enlarged view of marked area (arrow) in 1 at different focal level; 4, 5, IGCAGS-NPIII-523, thin section NPIII13-3-12 (F41; 39.6 3 110.5): 5,
enlarged view of marked area (arrow) in 4; 6, 7, IGCAGS-NPIII-547, thin section NPIII13-3-20 (H44/1; 42.2 3 109): 7, enlarged view of marked area
(arrow) in 6.
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non Tanarium anozos; MOCZYDŁOWSKA AND NAGOVITSIN,
2012, p. 18, fig. 8A–8C.

Description.—Spheroidal to subspheroidal vesicle, 135–
300 mm in diameter (average 200 mm, n5100), bearing a
moderate number of hollow, cylindrical to slightly tapering,
evenly but widely distributed processes. Processes communicate
with vesicle cavity and many of them are supported by a broad
conical base on the vesicle. Processes are homomorphic and
many have pointed or blunt tips that are often bent adbasally to
form a hook-like structure. Bending consistently occurs near the
distal end of processes, which are otherwise more or less straight.
Processes 28–47.5 mm long excluding the bent tip (average
37.5 mm, n525) or 15–21.6 percent of vesicle diameter (average
19.1%, n525) and ,2.5 mm wide. Processes are spaced at 15–
100 mm, with 15–30 processes in circumferential view.

Material.—More than 500 specimens, lower Member III
(Xiaofenghe and Wangfenggang) and Member III (Niuping).

Remarks.—Hocosphaeridium anozos can be distinguished
from H. scaberfacium and H. dilatatum n. sp. by its slender
(,3 mm wide) and almost cylindrical processes. In compari-
son, H. scaberfacium has thicker, gradually tapering, and more
sparsely arranged processes, and H. dilatatum n. sp. has more
abundant processes that are basally enlarged. The distinction
between Hocosphaeridium anozos and Tanarium species was
discussed in Willman and Moczydłowska (2008) and is
followed here. Many (although not all) processes of Tanarium
anozos are supported by broad conical bases that constitute
the vesicle wall. The conical base makes the processes biform
in nature. However, among other features, its hook-like
processes distinguish Hocosphaeridium anozos from other
acanthomorphs with biform processes, including Mengeo-
sphaera Xiao et al., 2014, Galeasphaeridium Vorob’eva et al.,
2009, Cavaspina basiconica Moczydłowska et al., 1993
(5Gyalosphaeridium multispinulosum Grey, 2005), Appendi-
sphaera? hemisphaerica n. sp., and Taedigerasphaera lappacea
Grey, 2005. The broad conical base is also similar to vesicle
sculpture in the Doushantuo acanthomorphs Yinitianzhushania
tuberifera (Yin C. et al., 2001), and Megasphaera ornata Xiao
and Knoll, 2000. However, Yinitianzhushania and Megasphaera
vesicles are much larger (,500 mm in diameter), and their
processes (if present) are not hooked.

One of the specimens illustrated as Hocosphaeridium
scaberfacium by Zang and Walter (1992, fig. 45G) and
specimens described as Tanarium irregulare? (Grey, 2005) are
similar to H. anozos in having slender, almost cylindrical,
distally hooked processes, although their processes are more
abundant than typical H. anozos specimens. These specimens
should be attributed to H. anozos. Specimens illustrated as
Tanarium anozos in Moczydłowska and Nagovitsin (2012)
do not have consistently hooked processes; they should be
excluded from H. anozos and transferred to T. conoideum.

HOCOSPHAERIDIUM DILATATUM new species
Figures 39.2, 40.1–40.8

Diagnosis.—Medium-sized vesicle with numerous closely
spaced, hollow, and apically hooked processes. Processes
typically have a conical base that tapers rapidly, followed by a
more or less cylindrical tube that taper gradually toward a
pointed tip, which is consistently bent adbasally more than 180u.

Description.—Vesicle 125–165 mm in diameter (average
139 mm, n55). Processes 55–65 mm in total length (or 33–

r

FIGURE 70—Polygonium sp. 1, IGCAGS-NPIII-061, thin section
NPIII15-2-15 (P23/2; 22.7 3 102.2); 2, IGCAGS-XFH-086, thin section
71013-4-17 (K23/2; 22.5 3 107.1); 3, IGCAGS-NPIII-580, thin section
NPIII15-2-9 (T35/1; 34 3 98.4).
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46% of vesicle diameter), with an expanded conical base (6–
7 mm in length and 8–12 mm in basal width), a gradually
tapering tube (48–57 mm in length, 2.5 mm in maximum width),
and an apical hook (,1 mm in thickness). Processes spaced at
,10 mm interval, with 40–50 processes in circumferential view.

Etymology.—Species name derived from Latin dilatatus,
with reference to the expanded conical base of the processes of
this species.

Holotype.—IGCAGS–NPIII–418, Figure 40.1, 40.2.
Material.—Seven specimens, upper Member III, Niuping

section.
Remarks.—Hocosphaeridium dilatatum n. sp. is most

similar to H. scaberfacium, but its processes have a distinct
conical base that tapers more rapidly than the rest of the
process whereas those of H. scaberfacium tapers gradually

from the base to the apex. Additionally, process density
of H. dilatatum n. sp. is much greater than that of H.
scaberfacium.

HOCOSPHAERIDIUM SCABERFACIUM Zang in Zang and Walter,
1992 emend.

Figures 39.3, 41.1–41.7, 42.1–42.5

Hocosphaeridium scaberfacium ZANG in ZANG AND WALTER,
1992, p. 61, fig. 45A–45F (not 45G); XIAO, ZHOU, LIU,
WANG, AND YUAN, 2014, p. 27–28, and synonyms therein.

Diagnosis.—Emended: a species of Hocosphaeridium with
medium-sized to large vesicle bearing robust and consistently
hooked processes with a widened base gradually tapering to a
sharp tip.

Description.—Vesicle 120–250 mm in diameter (average
185 mm, n550). Processes 42–86.5 mm in length exclusive of
the hooked tip (average 55 mm, n525) or 21.2–38.0 percent of
vesicle diameter (average 29.6%, n525) and 8–15 mm in basal
width (average 10.2 mm, n525). Processes spaced at 20–
120 mm, with 6–15 processes in circumferential view.

Material.—More than 500 specimens, lower Member III
(Wangfenggang and Xiaofenghe) and Member III (Niuping).

Remarks.—The species diagnosis is emended to emphasize
the consistently hooked processes so that specimens with
occasionally bent or slightly curved processes should not be
included in this species. Many Ediacaran acritarchs with
gradually tapering and distally hooked processes have been
previously placed under Tanarium conoideum (5Gonio-
sphaeridium conoideum). These specimens should be trans-
ferred to Hocosphaeridium scaberfacium (see discussion in
Xiao et al., 2014) because the processes of the holotype of T.
conoideum are not distally hooked (Kolosova, 1991).
Tanarium conoideum specimens illustrated in Yin C. and
colleagues (Yin C. et al., 2009b, 2011) has rather short
processes (,15 percent of vesicle diameter), and H.
scaberfacium specimens illustrated in Yuan and Hofmann
(1998) have a smaller vesicle and more densely distributed
processes than the holotype; these specimens are accepted as
H. scaberfacium with some reservation, although they have
consistently hooked processes.

FIGURE 72—Sketches showing vesicle and process morphologies of Sinosphaera asteriformis n. sp. and Sinosphaera rupina Zhang, Yin L., Xiao, and
Knoll, 1998, emend.

FIGURE 71—Sketch showing vesicle and process morphologies of
Polygonium sp.
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FIGURE 73—1–6, Sinosphaera asteriformis n. sp.: 1, 2, holotype, IGCAGS-WFG-827, thin section WFG80816-1-33 (J15/2; 14.5 3 108), at different
focal levels; 3, enlarged view of marked area (arrow) in 1; 4, enlarged view of marked area (arrow) in 2; 5, 6, IGCAGS-WFG-803, thin section
WFG80816-1-27 (J39; 38 3 107.8): 6, enlarged view of marked area (arrow) in 5; 7–9, Sinosphaera rupina Zhang, Yin L., Xiao, and Knoll, 1998, emend.:
7, IGCAGS-NPIII-190, thin section NPII9-2-1 (K55/3; 53 3 107); 8, 9, IGCAGS-WFG-649, thin section WFG80816-2-27 (L55/4; 54 3 106): 9, enlarged
view of marked area (arrow) in 8.
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FIGURE 74—Sinosphaera rupina Zhang, Yin L., Xiao, and Knoll, 1998, emend. 1, 2, IGCAGS-NPIII-223, thin section NPIII13-2-1 (W26/2; 25.5 3
95.3): 2, enlarged view of marked area (arrow) in 1; 3, IGCAGS-NPIII-248, thin section NPIII13-2-3 (L21/4; 20.5 3 105.5); 4-5, IGCAGS-WFG-810,
thin section WFG80816-1-27 (V33/4; 33 3 95.8): 5, enlarged view of marked area (arrow) in 4; 6, 7, IGCAGS-WFG-617, thin section WFG80816-2-21
(J17/3; 15.9 3 107.7): 7, enlarged view of marked area (arrow) in 6.
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FIGURE 75—1–7, Tanarium acus n. sp.: 1, 2, IGCAGS-WFG-741, thin section WFG80816-2-53 (N57; 55 3 103.7): 2, holotype, enlarged view of
marked area (arrow) in 1; 3, 4, IGCAGS-WFG-769, thin section WFG80816-2-60 (K53; 51.2 3 106.5): 4, enlarged view of marked area (arrow) in 3; 5, 6,
IGCAGS-WFG-772, thin section WFG80816-2-60 (W29; 28 3 94.8): 6, enlarged view of marked area (arrow) in 5; 7, IGCAGS-WFG-709, arrows
indicate processes, thin section WFG80816-2-41 (S17/1; 16.3 3 99.3); 8–16, Tanarium elegans n. sp.: 8, 9, IGCAGS-XFH-151, thin section XFH8817-1-9
(F45; 43.6 3 110.5); 8, showing three specimens (arrows) preserved together with filamentous cyanobacteria; 9, enlarged view of marked area (right
arrow) in 8; 10, holotype, IGCAGS-XFH-270, thin section X71013-4-22 (O28; 27.5 3 102.7); 11, IGCAGS-XFH-273, thin section X71013-4-26 (M35/1;
33.6 3 105.4); 12, IGCAGS-XFH-358, thin section X71013-4-74 (R40; 38.7 3 100.3); 13, IGCAGS-XFH-028, thin section 71013-4-5 (M45; 43.5 3
105.4); 14, IGCAGS-XFH-268, thin section X71013-4-22 (N41/2; 40 3 104.5); 15, IGCAGS-XFH-426, thin section XFH01-40 (D30/2; 29 3 113.1); 16,
IGCAGS-XFH-087, thin section 71013-4-19 (H36/2; 35.2 3 108.9).
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Genus KNOLLISPHAERIDIUM Willman and Moczydłowska,
2008

Echinosphaeridium KNOLL, 1992 emend. GREY, 2005.

Type species.—K. maximum (Yin L., 1987) Willman and
Moczydłowska, 2008.

Other species.—K.? bifurcatum Xiao, Zhou, Liu, Wang, and
Yuan, 2014; K. denticulatum n. sp.; K. gravestockii (Grey,
2005) Willman and Moczydłowska, 2008; K. longilatum n. sp.;
K. parvum n. sp.; K. obtusum n. sp.; K. triangulum (Zang in
Zang and Walter, 1992) Willman and Moczydłowska, 2008.

Remarks.—The genus Knollisphaeridium Willman and Moc-
zydłowska, 2008 was erected to replace Echinosphaeridium Knoll,
1992, as the latter name was preoccupied by a chlorophyte alga
(Lemmermann, 1904). The genus diagnosis was amended by
Grey (2005) and the emended diagnosis is followed here.

KNOLLISPHAERIDIUM DENTICULATUM new species
Figures 43.1–43.9, 44.1

Diagnosis.—Large spherical vesicle, bearing numerous
closely and uniform small processes. Processes hollow,

communicate freely with vesicle cavity, conical in shape
(nearly equilaterally triangular in profile), joined at base to
form a denticulate pattern similar to saw teeth, and with a
sharp or blunt distal end.

Description.—Holotype (Fig. 43.1, 43.2): vesicle diameter
290 mm, process length to basal width ratio ,1, process length
and basal width both 4.5–5.0 mm. Other specimens: vesicle
diameter 250–350 mm, processes 5–6 mm in length and basal
width (length to basal width ratio 0.88–1.04, average 0.94,
n512), with 9–11 processes in 50 mm interval.

Etymology.—Species name derived from Latin denticulatus,
with reference to the densely arranged denticulate processes
that characterize this species.

Holotype.—IGCAGS–NPIII–085, Figure 43.1, 43.2.
Material.—Five specimens, upper Member III, Niuping

section.
Remarks.—The new species is distinguished from other

Knollisphaeridium species by its laterally joined and equilaterally
triangular processes (Fig. 44). Knollisphaeridium gravestockii
and K. triangulum also have triangular processes, but their
processes are basally separate and widely distributed. Addition-
ally, processes of K. gravestockii are much smaller (,1 mm in

FIGURE 76—Sketches showing vesicle and process morphologies of Tanarium species described in this paper. 1, T. acus n. sp.; 2, T. conoideum
Kolosova, 1991 emend. Moczydłowska, Vidal and Rudavskaya, 1993; 3, T. elegans n. sp.; 4, T. longitubulare n. sp.; 5, T.? minimum n. sp.; 6, T. obesum n.
sp.; 7, T. pilosiusculum Vorob’eva, Sergeev, and Knoll, 2009; 8, T. pycnacanthum Grey, 2005; 9, T. varium n. sp. 100 mm scale bar for vesicles and 20 mm
scale bar for processes.
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basal width according to Grey, 2005) and those of K. triangulum
typically have a thin apical spine (Grey, 2005; Xiao et al., 2014).

KNOLLISPHAERIDIUM LONGILATUM new species
Figures 44.2, 45.1–45.8

Diagnosis.—Large spherical or subspherical vesicle bearing
numerous, closely and regularly arranged, acutely conical
processes. Processes hollow, communicate freely with vesicle
cavity, basally joined, with a widened base that gradually
tapers toward a pointed tip.

Description.—Holotype (Fig. 45.1, 45.2): vesicle size 300 3
240 mm, processes 17 mm long and 6–7 mm wide at base (length
to basal width ratio 2.4–2.9, average 2.6, n510). Other
material: vesicle diameter 250–400 mm, processes 15–17 mm
long and 4.5–6.5 mm wide at base (length to basal width ratio
2.3–3.3, average 2.6, n522), with 140–240 processes in
circumferential view (or 15–20 processes in 100 mm interval).

Etymology.—Species name derived from Latin longus and
latus, with reference to its relatively long yet basally wide
processes compared to other Knollisphaeridium species.

Holotype.—IGCAGS–NPIII–221, Figure 45.1, 45.2.
Material.—Four specimens, lower Member III (Wangfeng-

gang) and upper Member III (Niuping).
Remarks.—The new species is most similar in process

density and vesicle size to K. maximum but differs in its wider
and basally joined processes.

KNOLLISPHAERIDIUM MAXIMUM (Yin L., 1987) Willman and
Moczydłowska, 2008

Figures 44.4, 46.1–46.12, 47.1–47.7

Echinosphaeridium maximum (YIN L., 1987) KNOLL, 1992,
p. 765, pl. 5, figs. 5, 6; ZHANG, YIN L., XIAO, AND KNOLL,
1998, figs. 6.9, 6.10, 7.1, 7.2 (part), and synonyms therein.

Knollisphaeridium maximum (YIN L., 1987) WILLMAN AND

MOCZYDŁOWSKA, 2008, p. 523, fig. 5E, 5F; XIAO, ZHOU,
LIU, WANG, AND YUAN, 2014, p. 30, fig. 19.1–19.7, and
synonyms therein.

non Echinosphaeridium maximum (YIN L., 1987) KNOLL,
1992; YUAN AND HOFMANN, 1998, p. 202, fig. 8A–8D;
ZHANG, YIN L., XIAO, AND KNOLL, 1998, fig. 6.7, 6.8
(part); XIAO AND KNOLL, 1999, p. 239, fig. 11A–11C; YIN

C., LIU, GAO, WANG, TANG, AND LIU, 2007, pl. 11, fig. 4
(part).

Description.—Large spheroidal vesicle, 200–550 mm in
diameter (average 310 mm, n566), bearing numerous closely
and evenly spaced, basally separate, echinate to acutely conical
processes. Processes short, hollow, communicate freely with
vesicle cavity, and taper distally toward a tip. Processes 5.5–
17.5 mm long (average 10 mm, n512) and ,2.5 mm wide at base.

Material.—More than 200 specimens, lower Member III
(Xiaofenghe and Wangfenggang) and Member III (Niuping).

Remarks.—See Xiao et al. (2014).

KNOLLISPHAERIDIUM OBTUSUM new species
Figures 44.5, 48.1–48.6

Diagnosis.—Large spherical vesicle with numerous small,
closely and evenly spaced, laterally joined, obtusely conical
processes. Processes hollow, communicate freely with vesicle
cavity, wider than long, often deflated (with lateral slopes
concave outward), and with a sharply pointed tip.

Description.—Holotype (Fig. 48.1, 48.2): vesicle 650 mm in
diameter, processes 2.5–3.0 mm in length and 4.5–5.0 mm in
basal width (length to basal width ratio 0.5–0.7, average 0.6,
n510). Other specimens: incompletely preserved specimens
,750 mm in maximum vesicle diameter, 2.5–3 mm in process
length, and 4.5–5 mm in process width at base, process length

to basal width ratio 0.5–0.8 (average 0.6, n522), with ,15
processes in 100 mm interval.

Etymology.—Species name derived from Latin obtusus, with
reference to the obtusely conical processes characteristic of
this species.

Holotype.—IGCAGS–XFH–416, Figure 48.1, 48.2.
Material.—Seven specimens, lower Member III, Xiaofenghe

section.
Remarks.—The new species is most similar to Knolli-

sphaeridium denticulatum n. sp. in laterally joined processes
but its obtusely and sometimes deflated conical processes are
different from the equilaterally triangular processes of K.
denticulatum n. sp. This feature, together with its laterally
joined processes, also distinguishes the new species from other
Knollisphaeridium species.

KNOLLISPHAERIDIUM PARVUM new species
Figures 44.3, 49.1–49.6

Diagnosis.—Small to medium-sized spherical vesicle with
numerous closely and regularly arranged processes. Processes
small, hollow, communicate freely with vesicle cavity, and
basally joined. Processes acutely conical in shape, with a
widened base that gradually tapers to a pointed tip, although
some processes are subtly biform.

Description.—Holotype (Fig. 49.1, 49.2): vesicle size 145 3
130 mm, processes 9 mm long (5.5% of vesicle diameter) and
4.5 mm wide at base, process length to basal width ratio 2.
Other material: vesicle diameter 100–110 mm, processes 9–
10 mm long and 4–5 mm wide at base, process length to basal
width ratio 1.9–2.2 (average 2.0, n520), with ,80 processes in
circumferential view. Some specimens appear to have a nested
inner cone within their processes (Fig. 49.4, 49.6), but this is a
photographic artifact due to the superposition of processes.

Etymology.—Species name derived from Latin parvus, with
reference to the small vesicle size of this species.

Holotype.—IGCAGS–WFG–004, Figure 49.1, 49.2.
Material.—Three specimens, lower Member III, Wangfeng-

gang section.
Remarks.—The process morphology and arrangement of K.

parvum n. sp. are somewhat similar to K. longilatum n. sp.,
however it differs from the latter by its distinctively small
vesicle and somewhat less process length to basal width ratio.

Genus MENGEOSPHAERA

Xiao, Zhou, Liu, Wang, and Yuan, 2014

Meghystrichosphaeridium ZHANG, YIN L., XIAO, AND KNOLL,
1998.

Type species.—M. chadianensis (Chen and Liu, 1986) Xiao,
Zhou, Liu, Wang, and Yuan, 2014.

Other species.—M. angusta n. sp.; M. bellula n. sp.; M. cf.
bellula n. sp.; M. constricta n. sp.; M.? cuspidata n. sp.; M.
eccentrica Xiao, Zhou, Liu, Wang, and Yuan, 2014; M.?
gracilis n. sp.; M. grandispina n. sp.; M. latibasis n. sp.; M.
minima n. sp.; M. reticulata (Xiao and Knoll, 1999) Xiao,
Zhou, Liu, Wang, and Yuan, 2014; M. spicata n. sp.; M.
spinula n. sp.; M. stegosauriformis n. sp.; M. triangularis n. sp.;
M. uniformis n. sp.

Remarks.—The most prominent feature of this genus is its
hollow, densely arranged, and prominently biform processes that
communicate with vesicle interior. Processes typically consist of a
basal expansion (often inflated) and a much thinner apical spine.
See Xiao et al. (2014) for further discussion of this genus.

MENGEOSPHAERA ANGUSTA new species
Figures 50.1–50.6, 51.1

Diagnosis.—A species of Mengeosphaera with large spher-
ical vesicle covered by small and densely arranged processes
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FIGURE 77—Tanarium conoideum Kolosova, 1991 emend. Moczydłowska, Vidal and Rudavskaya, 1993. 1, IGCAGS-WFG-668, thin section
WFG80816-2-31 (P38/3; 36.4 3 101.7); 2, IGCAGS-WFG-503, thin section WFG8421-56 (R48/3; 46.3 3 99.7); 3, IGCAGS-NPIII-328, thin section
NPII9-2-17 (F56; 53.8 3 111.3); 4, IGCAGS-NPIII-335, thin section NPII9-2-22 (H45/4; 44 3 109); 5, IGCAGS-WFG-806, thin section WFG80816-1-
27 (M33/2; 32.3 3 104.9); 6, IGCAGS-NPIII-180, thin section NPII9-2-1 (G46; 44.2 3 109.6).
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FIGURE 78—Tanarium longitubulare n. sp. 1, holotype, IGCAGS-WFG-637, thin section WFG80816-2-24 (N26; 25 3 103.4); 2, 3, IGCAGS-WFG-225,
thin section WFG80816-2-7 (G22/4; 21 3 109.6): 3, enlarged view of marked area (arrow) in 2; 4, IGCAGS-WFG-310, thin section WFG80816-2-14 (G24/4;
24 3 109.3); 5, IGCAGS-WFG-629, thin section WFG80816-2-22 (X45/2; 43.9 3 94.6); 6, IGCAGS-NPIII-021, thin section NPIIIa-2 (L37; 35.7 3 105.5).
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FIGURE 79—Tanarium longitubulare n. sp. 1, IGCAGS-NPIII-562; 2, IGCAGS-NPIII-561; 1 and 2 preserved together, thin section NPIII15-2-4 (Q39/
2; 38 3 101.4); 3, IGCAGS-NPIII-579, thin section NPIII15-2-9 (L41/2; 40.4 3 106.5); 4, IGCAGS-NPIII-599, thin section NPIII15-2-13 (U21; 20.4 3
96.5); 5, IGCAGS-NPIII-624, thin section NPIII15-2-21 (Q26/4; 25.7 3 101).
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which are basally joined. Basal expansion narrow, inflated,
and its length comparable to width. Apical spine thin, much
longer than basal expansion, and tapers distally to a fine
filament.

Description.—Vesicle 205–338 mm in diameter (average
290 mm, n54), with ,140 closely spaced processes per
circumferential view. Processes 23.5–35.0 mm in total length
(or 8–11% of vesicle diameter), basal expansion of processes
6.0–8.0 mm in basal width (average 7.2 mm, n536) and 6.0–
7.8 mm in length or height (average 6.7 mm, n536). Apical
spine ,1 mm wide and 17.5–27 mm long.

Etymology.—Species name derived from Latin angustus,
with reference to the narrow basal expansion of the processes
in this species.

Holotype.—IGCAGS–NPIII–351, Figure 50.1, 50.2.
Material.—Five specimens, upper Member III, Niuping

section.
Remarks.—Several other Mengeosphaera species also have

processes with an inflated basal expansion, including M.
bellula n. sp., M. chadianensis, M. constricta n. sp., M. latibasis
n. sp., M. spicata n. sp., M. spinula n. sp., M. stegosauriformis
n. sp., and M. uniformis n. sp. (Fig. 51; Table 2). Of these, M.

FIGURE 80—Tanarium? minimum n. sp. 1–3, holotype, IGCAGS-WFG-817, thin section WFG80816-1-29 (V21/3; 20 3 95.5): 1, showing specimen
(arrow) preserved together with Hocosphaeridium scaberfacium; 2 and 3, enlarged views of marked area (arrow) in 1, at different focal levels; 4,
IGCAGS-XFH-346, thin section X71013-4-67 (T43; 41.5 3 98.2).
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FIGURE 81—Tanarium obesum n. sp. 1, 2, holotype, IGCAGS-WFG-715, thin section WFG80816-2-43 (H26/1; 24.7 3 108.8), at different focal levels;
3, IGCAGS-NPIII-301, thin section NPII9-2-6 (B31/1; 29.4 3 115.4); 4, IGCAGS-NPIII-297, thin section NPII9-2-5 (L30; 29 3 106.4); 5, IGCAGS-
WFG-165, thin section WFG80816-1-15 (E36; 34.6 3 111.6); 6, IGCAGS-WFG-126, thin section WFG80816-1-7 (S54/3; 52 3 99.1), arrow pointing to a
bifurcating process.
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FIGURE 82—Tanarium obesum n. sp. 1, 2, IGCAGS-NPIII-311, thin section NPII9-2-8 (R31/4; 30.2 3 100), at different focal levels, arrow pointing to
a bifurcating process; 3, IGCAGS-NPIII-330, thin section NPII9-2-18 (Y31; 30 3 93.5); 4, IGCAGS-NPIII-318, thin section NPII9-2-10 (P47/1; 45.2 3
103); 5, IGCAGS-NPIII-296, thin section NPII9-2-5 (E35/4; 33.9 3 111.7); 6, IGCAGS-WFG-171, thin section WFG80816-1-16 (H29; 28 3 108.6).

SILICIFIED EDIACARAN MICROFOSSILS FROM DOUSHANTUO FORMATION 89



latibasis n. sp., M. stegosauriformis n. sp., and M. uniformis n.
sp. have processes whose basal expansion is wider than long, a
feature that distinguishes these three species from M. angusta
n. sp. The processes of M. constricta n. sp. and M.
stegosauriformis n. sp. are much larger than those of M.
angusta n. sp., and M. constricta n. sp. is further differentiated
by the basal constriction of its processes.

Perhaps more subtly different are M. bellula n. sp., M.
chadianensis, M. spicata n. sp., and M. spinula n. sp.
Mengeosphaera bellula n. sp. is different from M. angusta n.
sp. in its much smaller vesicle size (,100 mm in vesicle
diameter) and fewer processes (30–60 processes per circum-
ferential view). The same can be said of M. spicata n. sp.
Mengeosphaera chadianensis has a vesicle size similar to M.
augusta n. sp., but its processes are fewer (40–60 per
circumferential view) and larger (10–30 mm in basal width).
Mengeosphaera spinula n. sp. is similar to M. angusta n. sp. in
vesicle size and in process density, but its processes have a
basal expansion that is longer than wide. Admittedly, some of
the morphological differences (e.g., vesicle size and hence
process length to vesicle diameter ratio) are sensitive to
whether a specimen is cut tangentially or centrally in thin
section. Thus, we recommend these species be identified on the
basis of populations, rather than individuals.

MENGEOSPHAERA BELLULA new species
Figures 51.2, 52.1–52.7, 53.1–53.13

Diagnosis.—Small spherical vesicle bearing abundant close-
ly and regularly arranged biform processes. Processes hollow
and communicate freely with vesicle cavity. Basal expansion
conical, widest at base, and nearly as wide as long. Apical

spine relatively long, acutely conical, and gradually tapers to a
pointed tip.

Description.—Holotype (Fig. 52.1–52.3): vesicle 75 mm in
diameter, processes 16 mm in overall length (about 21 percent
of vesicle diameter), basal expansion 5 mm in basal width and
about the same in length, apical spine about 1.3 mm wide and
11 mm long, with 46 processes per circumferential view. Other
specimens: vesicle 50–90 mm in diameter (average 68 mm,
n540), processes 14–17 mm in overall length (average 15 mm,
n511) representing 17.5–30 percent of vesicle diameter
(average 23.75%, n511), basal expansion 4–5 mm in basal
width (average 4.5 mm, n511) and 4–5 mm in length (average
4.75 mm, n511), apical spine about 1.2–1.5 mm wide and 9–
12 mm long (average 10.5 mm, n511), with 35–62 processes per
circumferential view.

Etymology.—Species name derived from Latin bellus and
Latin diminutive -ulus, with reference to the small vesicle and
beautifully preserved processes.

Holotype.—IGCAGS–NPIII–266, Figure 52.1–52.3.
Material.—More than 100 specimens, lower Member III

(Wangfenggang and Xiaofenghe) and Member III (Niup-
ing).

Remarks.—As discussed under Mengeosphaera angusta, the
differentiation among several Mengeosphaera species—partic-
ularly M. angusta n. sp., M. bellula n. sp., M. chadianensis, M.
spicata n. sp., M. spinula n. sp., and M. bellula—is subtle
(Fig. 51, Table 2). Mengeosphaera bellula n. sp. is smaller in
vesicle size than M. angusta n. sp., M. chadianensis, and M.
spinula n. sp. Mengeosphaera bellula n. sp. is most similar to
M. spicata n. sp. in vesicle size but the latter has larger and
wider processes (7–20 mm in basal width).

FIGURE 83—Tanarium pilosiusculum Vorob’eva, Sergeev, and Knoll, 2009. 1, 2, IGCAGS-WFG-207, thin section WFG80816-2-2 (P16; 15.7 3 101.5):
2, enlarged view of marked area (arrow) in 1; 3, IGCAGS-NPIII-014, thin section NPIIIa-2 (D37/4; 36 3 112).
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FIGURE 84—Tanarium pycnacanthum Grey, 2005. 1, 2, IGCAGS-WFG-116, thin section WFG80816-1-4 (C47/4; 45.8 3 113.2), at different focal
levels; 3, enlarged view of marked area (arrow) in 1; 4, 5, IGCAGS-WFG-426, thin section WFG80816-3-33 (H49; 47.3 3 108.6): 5, enlarged view of
marked area (arrow) in 4; 6, IGCAGS-WFG-102, thin section WFG8421-8b (V17/4; 16.5 3 95); 7, IGCAGS-NPIII-087, thin section NPIIIb-11 (Q52/
3; 50 3 100.8).
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FIGURE 85—Tanarium varium n. sp. 1–5, holotype, IGCAGS-NPIII-258, thin section NPIII13-3-3 (J24/3; 22.7 3 107.6): 2, enlarged view of marked
area (white arrow) in 1; 3, enlarged view of marked area (arrow) in 2; 4 and 5 are enlarged views of marked area (black arrows) in 1; 6, 7, IGCAGS-
NPIII-306, thin section NPII9-2-7 (Q21/3; 19.8 3 101): 7, enlarged view of marked area (arrow) in 6; 8, IGCAGS-NPIII-652, thin section NPIII16-1-11
(L45/4; 44.7 3 105.2).
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FIGURE 86—Tanarium varium n. sp. 1, 2, IGCAGS-NPIII-567, thin section NPIII15-2-5 (K30/2; 29 3 107.2): 2, enlarged view of marked area (arrow)
in 1; 3, 4, IGCAGS-NPIII-596, thin section NPIII15-2-13 (Q23; 22.4 3 101.1): 4, enlarged view of marked area (arrow) in 3; 5, 6, IGCAGS-NPIII-570,
thin section NPIII15-2-6 (E44; 42.9 3 111.6): 6, enlarged view of marked area (arrow) in 5.
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FIGURE 87—Urasphaera fungiformis n. sp. 1, 2, holotype, IGCAGS-NPIII-482, thin section NPIII13-3-5 (E23/4; 23.8 3 111), at different focal levels;
3, 4, enlarged views of marked area (arrows) in 1; 5–7, IGCAGS-NPIII-165, thin section NPIIIb-22 (L30/4; 29.2 3 105.5): 6 and 7 are enlarged views of
marked area (arrows) in 5.
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As discussed under Cavaspina basiconica, the two specimens
described as Meghystrichosphaeridium perfectum (Kolosova)
by Zhang et al. (1998, fig. 10.7, 10.8) are characterized by
biform processes with a rather small basal expansion (1.5–
4.5 mm in basal width). Although their process density is
somewhat greater than the holotype of C. basiconica, we
tentatively accept Moczydłowska’s (2005) assignment of these
two specimens to C. basiconica because of their rather small
basal expansion. Alternatively, the specimen illustrated in
Zhang et al. (1998, fig. 10.7) could be assigned to M. bellula n.
sp., and the other specimen (Zhang et al., 1998, fig. 10.8) could
be assigned to M.? gracilis n. sp., however the basal expansion
of the Mengeosphaera species are wider (4–5 mm in M. bellula
and 6–10 mm in M.? gracilis n. sp.).

MENGEOSPHAERA cf. BELLULA new species
Figures 51.3, 54.1–54.6, 55.1–55.4

Description.—This population of acanthomorphs is very
similar to Mengeosphaera bellula, except that their processes
have a narrower, elongate, and more cylindrical basal
expansion that is longer than wide. Consequently there are
more processes (60–70) per circumferential view. Vesicles

are 59–77 mm in diameter (average 66.5 mm, n511). Biform
processes are hollow, communicate freely with vesicle cavity,
closely and regularly arranged, in contact at base, and with
a total length of 10.5–13.5 mm (average 11.8 mm, n511)
representing 14.5–22.1 percent of vesicle diameter (average
17.7%, n511). Basal expansion narrow, conical to cylindrical,
3.1–4.7 mm in basal width (average 3.6 mm, n511), and 4.9–
6.1 mm in height (or length) (average 5.3 mm, n511); apical
spine about ,1 mm wide and 4.9–8.3 mm long.

Material.—More than 100 specimens, Member III, Niuping
section.

Remarks.—Because of their overall similarity to Mengeo-
sphaera bellula n. sp. with only subtle differences in process
basal expansion, the specimens illustrated in Figures 54, 55 are
placed in an open nomenclature in comparison with M. bellula
n. sp.

MENGEOSPHAERA CONSTRICTA new species
Figures 51.4, 56.1–56.6, 57.1–57.6, 58.1–58.10

Diagnosis.—Medium-sized spherical vesicle with abundant
closely and regularly arranged biform processes. Processes
large, hollow, and communicate freely with vesicle cavity.

FIGURE 88—Urasphaera fungiformis n. sp. 1–4, IGCAGS-WFG-679, thin section WFG80816-2-32 (K55; 53 3 107.2): 2–4, enlarged views of marked
areas (arrows) in 1.
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Basal expansion conical, inflate, as wide as long or slightly
longer than wide, and distinctively constricted at base. Apical
spine acutely conical but becomes cylindrical distally, with a
blunt tip. Because of the basal constriction, processes are
basally separate but can be in contact just above the base.

Description.—Holotype (Fig. 56.1, 56.2): vesicle 155 mm in
diameter; processes 56 mm in overall length (about 36 percent
of vesicle diameter), process spacing up to 20 mm, with 20
processes per circumferential view; basal expansion 21 mm in
maximum width, 26 mm in length, with 1.5 mm deep basal
constriction; apical spine about 1.5 mm wide and 30 mm long.
Other specimens: vesicles 100–150 mm in diameter (average
127 mm, n520); 18–24 processes in circumferential view;
overall length of processes cannot be measured precisely as the
apical spine is often poorly preserved, but can be as much as
60–74 mm or ,60 percent of vesicle diameter in the best
preserved specimens (Fig. 57.1–57.4); basal expansion 18–
26 mm in maximum width (average 20 mm, n58) and 18–26 mm
in length (average 20.5 mm, n58); basal constriction about
1.5 mm in depth.

Etymology.—Species name derived from Latin constrictus,
with reference to the basal constriction in the processes of the
new species.

Holotype.—IGCAGS–WFG–826, Figure 56.1, 56.2.
Material.—More than 100 specimens, lower Member III

(Wangfenggang) and Member III (Niuping).
Remarks.—A basal constriction in the processes of Mengeo-

sphaera constricta n. sp. distinguishes this species from all
other Mengeosphaera species. Processes of M. stegosauriformis
n. sp. are also somewhat constricted at base, but not as
strongly as in M. constricta n. sp., which also differs from M.
stegosauriformis n. sp. in its larger vesicles and more numerous
processes (Fig. 51; Table 2).

MENGEOSPHAERA? CUSPIDATA new species
Figures 51.5, 59.1–59.6

Diagnosis.—Large spherical vesicle with numerous evenly
arranged and basally joined processes. Processes long and
large relative to vesicle diameter, hollow, and communicate
freely with vesicle cavity. Basal expansion is conical and
somewhat deflated. Apical spine is long, acutely conical, and
gradually tapers to a sharp distal end. The transition between
basal expansion and apical spine is gradual, without a well-
defined inflection point.

Description.—Holotype (Fig. 59.1, 59.2): vesicle 450 mm in
maximum diameter, with 28 processes per circumferential
view; processes 120 mm in length (about 26.7% of vesicle
diameter); basal expansion 35–45 mm in basal width and 35–
40 mm in length; apical spine ,80 mm in length, and its width
gradually changes from 5 mm to ,2 mm at distal end. Two
additional specimens: vesicles 324–430 mm in maximum
diameter, with 22–25 processes per circumferential view;
processes 114–160 mm in length (about 35–37% of vesicle
diameter); basal expansion 40–60 mm in basal width (average
54 mm, n520) and 35–60 mm in length (average 40 mm, n520);
apical spine 80–110 mm in length, 5 mm in maximum width,
and ,1.5 mm in distal width, and occasionally curved distally
(arrow in Fig. 59.6) but this is not a consistent feature.

Etymology.—Species name derived from Latin cuspidatus,
with reference to the cuspidate processes due to the deflated
base.

Holotype.—IGCAGS–NPIII–169, Figure 59.1, 59.2.
Material.—Three specimens, upper Member III, Niuping

section.
Remarks.—This species is distinguished from other Mengeo-

sphaera species by its long and large processes relative to
vesicle diameter, somewhat deflated processes, and the gradual

transition from the basal expansion to apical spine. Although
the current species has processes that consist of an expanded
base, it is tentatively placed in the genus Mengeosphaera,
because the base is not inflated as in typical biform processes
of Mengeosphaera. The process morphology and arrangement
in M.? cuspidata n. sp. are somewhat similar to many
Polygonium species (Sarjeant and Stancliffe, 1994), but the
latter are characterized by fewer processes with a broader
base. The conical base of M.? cuspidata n. sp. processes is
somewhat similar to that of Hocosphaeridium dilatatum n. sp.
processes, but can be differentiated by the larger and longer
processes of M.? cuspidata n. sp., which are not consistently
hooked as those of H. dilatatum n. sp.

MENGEOSPHAERA? GRACILIS new species
Figures 51.6, 60.1–60.10

Diagnosis.—Medium-sized to large spherical vesicle bearing
abundant closely and evenly arranged biform processes.
Processes hollow, communicate freely with vesicle cavity,
and relatively short and small compared to the large vesicle.
Basal expansion conical, wider than long, and slightly inflated.
Apical spine hair-like, ,1 mm thick, and with a pointed distal
end.

Description.—Holotype (Fig. 60.1, 60.2): vesicle 210 mm in
diameter, with ,100 processes per circumferential view (or
13–14 processes in 100 mm interval); processes 18.5 mm in
overall length (about 9% of vesicle diameter); basal expansion
7.0–7.8 mm in basal width (average 7.4 mm, n510) and 3.1–
3.9 mm in length (average 3.6 mm, n510); apical spine ,1 mm
wide and 15 mm long. Other specimens: vesicles 105–250 mm in
diameter (average 184 mm, n540), with 80–120 processes in
circumferential view (or 13–14 processes in 100 mm interval);
processes 12–22 mm in length (average 17.6 mm; or 6.3–12.6%
of vesicle diameter, average 9.9%, n525); basal expansion 6–
10 mm in basal width (average 8.1 mm, n525) and 3–4.5 mm in
length (average 3.9 mm, n525); apical spine ,1 mm wide and
9.5–17 mm long (average 13.6 mm, n540).

Etymology.—Species name derived from Latin gracilis, with
reference to the thin apical spine of this species.

Holotype.—IGCAGS–WFG–727, Figure 60.1, 60.2.
Material.—More than 100 specimens, lower Member III

(Wangfenggang and Xiaofenghe) and upper Member III
(Niuping).

Remarks.—The apical spine in most specimens of this
species is difficult to observe since it is very thin and easily
degradable. Some specimens (including all specimens illustrat-
ed in Fig. 60) contain an internal structure, which could
represent a cell or collapsed cells. The new species differs from
other Mengeosphaera species in its relatively small processes
with a particularly thin apical spine. Indeed, the apical spine is
so thin that this species could belong to either Appendisphaera
or Cavaspina, although considering the basal expansion this
taxon is provisionally placed in Mengeosphaera.

Mengeosphaera? gracilis n. sp. is similar to Appendisphaera
crebra n. comb., A.? hemisphaerica n. sp., A. longispina n. sp.,
A. magnifica n. comb., and Cavaspina basiconica. However,
M.? gracilis n. sp. can be distinguished from A. crebra n.
comb. and A. magnifica n. comb. by its biform processes;
although processes of A. magnifica n. comb. can have a
slightly expanded base, the transition from the basal
expansion to the apical spine is gradual, without an inflection
point. Processes of C. basiconica do have a basal expansion
(Moczydłowska et al., 1993; Moczydłowska, 2005), but they
are shorter, narrower at base, and more densely arranged. A
much narrower basal expansion (1.5–4.5 mm in basal width)
also characterizes Meghystrichosphaeridium perfectum speci-
mens illustrated in Zhang et al. (1998, fig. 10.7, 10.8), which
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has been synonymized with C. basiconica by Moczydłowska
(2005). Appendisphaera? hemisphaerica n. sp. has basally
expanded processes that can be considered biform, but its
processes are relatively longer (process length 12.5–17.5
percent of vesicle diameter, average515%) than those of M.?
gracilis n. sp. (6.3–12.6%, average59.9%), more densely
arranged (20–24 processes per 100 mm vesicle circumference
vs. 13–14 processes per 100 mm in M.? gracilis n. sp.), and have
a narrower basal expansion (2.8–5.2 mm wide and 2–4 mm long
vs. 6–10 mm wide and 3–4.5 mm long in M.? gracilis n. sp.)
(Fig. 16). Finally, A. longispina also has basally expanded
processes, but can be distinguished from M.? gracilis n. sp. by
its more acutely conical basal expansion (width/length ,1 vs.
,2 in M.? gracilis n. sp.), its larger vesicle (269 mm in average
diameter vs. 184 mm, although their ranges overlap), and its
longer processes (35.5 mm or 12.8% of vesicle diameter vs.
17.5 mm or 9.5% of vesicle diameter).

MENGEOSPHAERA GRANDISPINA new species
Figures 51.9, 61.1–61.6

Diagnosis.—Large spherical vesicle with abundant closely
and evenly arranged, large biform processes. Processes hollow
and communicate freely with vesicle cavity. Basal expansion is
conical and slightly inflated, with width nearly equal to length.
Apical spine is shorter than basal expansion and acutely
conical, with a pointed distal end.

Description.—Holotype (Fig. 61.1, 61.2): vesicle 350 mm in
diameter; processes 68 mm in overall length (about 19.5% of
vesicle diameter); 30 processes in circumferential view; basal
expansion 43 mm in basal width and 48 mm in length; apical spine
about 1 mm wide and 25 mm long. Three other specimens: vesicles
275–380 mm in diameter; 28–41 processes in circumferential

view; processes 32–69 mm in overall length (about 12.8–19.6% of
vesicle diameter); basal expansion 20–38.5 mm in basal width and
18–36 mm in length; apical spine about 1 mm wide and 12–31 mm
long.

Etymology.—Species name derived from Latin grandis and
spinus, with reference to the large processes of this species.

Holotype.—IGCAGS–WFG–631, Figure 61.1, 61.2.
Material.—Four specimens, lower Member III (Wangfeng-

gang) and upper Member III (Niuping).
Remarks.—Three specimens contain organic-rich internal

structures (Fig. 61.1, 61.5, 61.6) that probably represent cells
within the vesicle. Mengeosphaera grandispina n. sp. differs
from other Mengeosphaera species in its large processes with a
conical basal expansion and a relatively short apical spine.
Among Mengeosphaera species described in this paper,
perhaps M. triangularis n. sp. is most similar to M. grandispina
n. sp., but the former taxon has much smaller vesicle and
smaller processes which have a somewhat deflated basal
expansion (Fig. 51; Table 2).

MENGEOSPHAERA LATIBASIS new species
Figures 51.7, 62.1–62.6

Diagnosis.—Large spherical vesicle with closely and regu-
larly arranged biform processes consisting of an inflated,
obtusely domical basal expansion and a very thin apical spine.

Description.—Vesicle 173–225 mm in diameter, with about
60 processes in circumferential view. Processes hollow,
communicate freely with vesicle cavity, densely arranged,
basally joined, and 18–24 mm in length (,10% of vesicle
diameter). Basal expansion obtusely domical in shape, wider
than long (10.5–15 mm in maximum width, average 12.3 mm;

FIGURE 89—Sketches showing vesicle and process morphologies of Urasphaera species described in this paper. 1, U. fungiformis n. sp.; 2, 3, U. nupta n.
sp.; 3, details of processes. 100 mm scale bar for vesicles and 20 mm scale bar for processes.
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FIGURE 90—Urasphaera nupta n. sp. 1–5, holotype, IGCAGS-WFG-759, thin section WFG80816-2-57 (R60/4; 58 3 99.7): 2–4 are enlarged views of
marked area (arrows) in 1; 6, 7, IGCAGS-NPIII-693, thin section NPII10-2-1 (C49/2; 47.7 3 113.4): 7, enlarged view of marked area in 6.
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FIGURE 91—Variomargosphaeridium floridum Nagovitsin and Moczydłowska in Moczydłowska and Nagovitsin, 2012. 1–3, IGCAGS-XFH-021, thin
section 71013-4-5 (O38/2; 37.3 3 103.4): 2 and 3 are enlarged views of marked area (arrows) in 1; 4–6, IGCAGS-XFH-032, thin section 71013-4-7 (E33/3;
31.8 3 111): 5 and 6 are enlarged views of marked area (arrows) in 4; 7, 8, IGCAGS-XFH-025, thin section 71013-4-5 (V29; 28 3 96.4): 8, enlarged view
of marked area (arrow) in 7; 9, 10, IGCAGS-XFH-308, thin section X71013-4-50 (J44/2; 42.6 3 108): 10, enlarged view of marked area (arrow) in 9.
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FIGURE 92—Variomargosphaeridium floridum Nagovitsin and Moczydłowska in Moczydłowska and Nagovitsin, 2012. 1, 2, IGCAGS-XFH-412, thin
section XFH01-22a (S41/3; 39.3 3 98.5): 2, enlarged view of marked area (arrow) in 1; 3, IGCAGS-XFH-337, thin section X71013-4-61 (V39/4; 38.3 3
95.7); 4, IGCAGS-XFH-257, thin section X71013-4-16 (U47/2; 45.8 3 97.3); 5, IGCAGS-XFH-212, thin section XFH8817-2-9 (O35; 34 3 102.6); 6,
IGCAGS-XFH-033, thin section 71013-4-7 (G32/3; 31.3 3 109.3); 7, IGCAGS-XFH-183, thin section XFH8817-1-18 (Q44/4; 43 3 100.8).
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5.6–8 mm in length, average 6.5 mm; 1.5–2.1 in width/length
ratio, average 1.9; n524). Apical spine sharply conical, 0.8–
1.3 mm wide and 13.3–18.1 mm long.

Etymology.—Species name derived from Latin lati- and
basis, with reference to the broad basal expansion of the
processes.

Holotype.—IGCAGS–NPIII–540, Figure 62.1, 62.2.
Material.—Four specimens, upper Member III, Niuping

section.
Remarks.—A membrane-bounded internal body 160 mm in

diameter is present within one specimen (Fig. 62.3). This
structure is very regular in morphology and the lack of organic
carbon in its center suggests that it does not represent
collapsed and condensed organic carbon. Rather, it probably
represents a cell membrane detached from the vesicle wall
through plasmolysis (cf. cell-like structures in Mengeosphaera
stegosauriformis n. sp. and M. triangularis n. sp.).

Mengeosphaera latibasis can be distinguished from other
Mengeosphaera species by its densely arranged biform processes
with an obtusely domical basal expansion and a thin apical
spine. Processes with an obtusely domical or conical basal
expansion also occur in M. uniformis n. sp., M. minima n. sp.,
and M. triangularis n. sp. However, M. uniformis n. sp. differs
by its extremely uniform processes that are basally separate and
have a comparatively smaller basal expansion, M. minima n. sp.
by its smaller vesicle with a smaller number of smaller processes,
and M. triangularis n. sp. by a smaller number of larger
processes. Additionally, the basal expansion of M. minima n. sp.
and M. triangularis n. sp. processes is not as strongly inflated as
that of M. latibasis n. sp.

MENGEOSPHAERA MINIMA new species
Figures 51.8, 63.1–63.6

Meghystrichosphaeridium chadianensis (CHEN AND LIU, 1986)
ZHANG, YIN L., XIAO, AND KNOLL, 1998; XIAO, 2004,
p. 399, fig. 3.8, 3.9; YIN L., WANG, YUAN, AND ZHOU,
2011, p. 285, fig. 5A, 5H.

Diagnosis.—Small spherical vesicle with a moderate num-
ber of regularly arranged biform processes. Processes consist
of an obtusely conical basal expansion and a thin apical
spine. Basal expansion is slightly inflated or has straight
slopes.

Description.—Vesicle 50–57 mm in diameter (average
53.2 mm, n57), with about 30 processes in circumferential
view. Processes hollow, communicate freely with vesicle
cavity, basally in contact with each other, and 8.5–13.0 mm
in length (average 11.5 mm, n57) or 15–26 percent of vesicle
diameter (average 22%, n57). Basal expansion obtusely
conical in shape, wider than long (3.4–6.2 mm in maximum
width, average 4.7 mm; 2.2–3.5 mm in length, average 2.7 mm;
1.3–2.3 in width/length ratio, average 1.7; n530). Apical spine
0.5–0.8 mm in maximum width and 6–10 mm long, and
sometimes curved at distal end (arrows in Fig. 63).

Etymology.—Species name derived from Latin minimus,
with reference to the small vesicle size of this species.

Holotype.—IGCAGS–NPIII–090A, Figure 63.1.
Material.—More than 100 specimens, upper Member III,

Niuping section.
Remarks.—The apical spine of Mengeosphaera minima n.

sp. may be distally curved, but this feature is not consistent
and may be of taphonomic origin. Mengeosphaera minima n.
sp. can be differentiated from other Mengeosphaera species
with an obtusely conical or domical expansion (e.g., M.
latibasis n. sp., M. triangularis n. sp., and M. uniformis n. sp.)
by its small vesicle size.

Meghystrichosphaeridium chadianensis specimens from the
Doushantuo Formation in the Yangtze Gorges and Weng’an
reported by Xiao (2004) and Yin L. et al. (2011) are much
smaller than the type material of Mengeosphaera chadianensis
(Chen and Liu, 1987) Xiao et al., 2014. However, they are
similar to M. minima n. sp. in vesicle size, process morphology,
and process density, the only difference being that the
specimen reported in Xiao (2004) appears to have lost the
apical spine due to poor preservation. Thus, these specimens
may be reassigned to M. minima n. sp.

MENGEOSPHAERA SPICATA new species
Figures 51.10, 64.1–64.6

Diagnosis.—Small to medium-sized spherical vesicle with
relatively large, densely arranged, spiky processes. Processes
biform, with a basal expansion that is strongly inflated and
longer than wide, and an apical spine that tapers distally to a
blunt termination.

Description.—Vesicle 60–180 mm in diameter (60 mm for
holotype, average 104 mm, n57). Processes hollow, commu-
nicate freely with vesicle cavity, closely and evenly arranged,
and basally in contact with each other. About 22–40 processes
in circumferential view (28 processes for holotype). Basal
expansion inflated, about 7–20 mm wide at base and 8–22 mm
long (8 mm wide and 10 mm long for holotype). Apical spine
acutely conical, about 2–2.5 mm wide and 3–18 mm long (2 mm
wide and 16 mm long for holotype), and tapers to a blunt
termination which is often not preserved.

Etymology.—Species name derived from Latin spicatus,
with reference to the relatively large, spiky processes of this
species.

Holotype.—IGCAGS–NPIII–407, Figure 64.1.
Material.—Eight specimens, lower Member III (Xiaofenghe

and Wangfenggang) and upper Member III (Niuping).
Remarks.—In process morphology, this species is most similar

to Mengeosphaera chadianensis (Chen and Liu, 1986) Xiao et al.,
2014. However, it is smaller in vesicle and process sizes than M.
chadianensis. Compared with other Mengeosphaera species with
small vesicles, for example

FIGURE 93—Sketch showing vesicle and process morphologies of
Variomargosphaeridium floridum Nagovitsin and Moczydłowska in
Moczydłowska and Nagovitsin, 2012.
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FIGURE 94—Weissiella grandistella Vorob’eva, Sergeev, and Knoll, 2009. 1, IGCAGS-WFG-376, thin section WFG80816-3-16 (L20/4; 19.7 3 105.4),
with arrow pointing to internal cross-walls within process interior; 2, 3, IGCAGS-WFG-738, thin section WFG80816-2-48 (Y22; 21.1 3 92.5): 3,
enlarged view of marked area (arrow) in 2; 4, 5, IGCAGS-XFH-139, thin section XFH8817-1-5 (R41/1; 39.3 3 100.1): 5, enlarged view of marked area
(arrow) in 4; 6, IGCAGS-NPIII-526, thin section NPIII13-3-12 (K43/2; 42 3 107), note bifurcating process in upper right corner; 7, IGCAGS-XFH-178,
thin section XFH8817-1-16 (B42; 40.6 3 114.9).

102 LIU ET AL.



M. bellula n. sp. and M. minima n. sp., M. spicata n. sp.
has relatively larger spiky processes with a thicker apical spine.

MENGEOSPHAERA SPINULA new species
Figures 51.11, 65.1–65.7, 66.1–66.6

Diagnosis.—Large spherical vesicle, bearing numerous
evenly distributed, closely arranged (basally separated by a
small gap or in close contact), biform processes. Processes
hollow and communicate freely with vesicle cavity. Basal
expansion inflated or acutely conical. Apical spine filamentous
and tapers distally to a pointed termination.

Description.—Holotype (Fig. 65.1, 65.2): vesicle 380 mm in
diameter, processes 35 mm in length (9.2% of vesicle diameter),
basal expansion 12–14.8 mm long and 7.6–10.4 mm wide at base
(average 9.1 mm long and 13.5 mm wide, n515), basal
expansion width/length ratio 0.61–0.81 (average 0.67, n515),
apical spine 20 mm long and ,1 mm wide, ,130 processes in
circumferential view. Other material: vesicle diameter 230–
650 mm (average 378 mm, n515), processes 30–40 mm long
(average 35, n525) and about 8.8–15.2 percent of vesicle
diameter (average 11, n510), basal expansion 8.5–16.5 mm
wide at base and 12–19.3 mm long (average 10.9 mm wide and
15.8 mm long, n525), basal expansion width/length ratio 0.61–
0.91 (average 0.72, n525), apical spine part 16–22.5 mm long
and ,1 mm wide, 7–10 processes in 100 mm interval.

Etymology.—Species name derived from Latin spina and
Latin diminutive suffix -ula, with reference to the relatively
small and densely arranged processes of this species.

Holotype.—IGCAGS–WFG–412, Figure 65.1, 65.2.
Material.—Seventeen specimens, lower Member III, Wang-

fenggang and Niuping sections.
Remarks.—The new species can be differentiated from other

Mengeosphaera species by its large vesicle and densely
arranged processes. It is perhaps most similar to M. angusta
n. sp. in vesicle size and process density. However, it can be
differentiated from M. angusta n. sp. by its acutely conical
basal expansion which is longer than wide, whereas the basal
expansion of M. angusta n. sp. is roughly equal in width and
length.

MENGEOSPHAERA STEGOSAURIFORMIS new species
Figures 51.12, 67.1–67.4

Diagnosis.—Small spherical vesicle with a small number of
large biform processes. Processes hollow and communicate
freely with vesicle cavity. Basal expansion wider than long,
slightly constricted at base so that maximum width is slightly
above base, tapers rapidly at apex, and in profile resembles a
basally truncated rhomb or a dorsal plate of Stegosaurus. Apical
spine acutely conical to cylindrical in morphology. Processes are
sometimes basally separate but in contact slightly above base.

Description.—Holotype (Fig. 67.1, 67.2): vesicle 42 mm in
diameter; processes 31 mm in preserved length (,71% of
vesicle diameter); basal expansion 20–22 mm basal width, and
15–16 mm in length, with ,1 mm deep basal constriction; apical
spine about 3 mm in width and 15 mm in preserved length (full
length unknown due to distal breakage); eight processes
present in circumferential view of vesicle, and estimated ,20
processes in total. The holotype contains two hemispherical
cell-like internal bodies (arrows in Fig. 67.1, 67.2 pointing to
division between internal bodies). Two other specimens:
vesicle diameter 45 mm and 65 mm respectively; basal
expansion 20–22 mm in basal width and 15–16 mm in length;
apical spine not measured due to poor preservation; 10–11
processes present in circumferential view, and estimated .20
processes in total. Vesicle may contain one or more cell-like
structures.

Etymology.—Species name derived from stegosaur and
Latin -formis, with reference to the large biform processes,
whose basal expansion resembles in outline a Stegosaurus
dorsal plate.

Holotype.—IGCAGS–XFH–368, Figure 67.1, 67.2.
Material.—Three specimens, lower Member III, Xiaofenghe

section.
Remarks.—Mengeosphaera stegosauriformis n. sp. vesicles

contain one or more cell-like internal bodies (Fig. 67),
suggesting that they may represent reproductive cysts of a
multicellular organism. Mengeosphaera stegosauriformis n. sp.
differs from all other known species of Mengeosphaera by its
small number of large processes. At first glance, this species is
somewhat similar to Galeasphaeridium oviscoris Vorob’eva
et al., 2009; however, the latter species is about an order of
magnitude larger than M. stegosauriformis n. sp. in both
vesicle size and process size, has fewer processes, and lacks
basal constriction in its processes. Processes of M. constricta n.
sp. also have a basal constriction, but they are more numerous
than those of M. stegosauriformis n. sp. and their basal
expansion is longer than wide.

MENGEOSPHAERA TRIANGULARIS new species
Figures 51.13, 68.1–68.8

Diagnosis.—Medium-sized to large spherical vesicle bearing
a moderate number of evenly arranged and large biform
processes. Processes hollow, communicate freely with vesicle
cavity, and basally joined or slightly separate. Basal expansion
conical, nearly straight (but can be slightly inflated or
deflated), and wider than long. Apical spine acutely conical.

Description.—Holotype (Fig. 68.1): vesicle 225 mm in diame-
ter, with ,25 processes in circumferential view; processes 37 mm
in overall length (about 16.5% of vesicle diameter); basal
expansion 23 mm wide at base and 14 mm long, 1.6 in width/
length ratio; apical spine 2.5 mm wide, 23 mm long, and sometimes
curved distally. Other specimens: vesicles 180–300 mm in diameter
(average 220 mm, n59), with ,20 processes in circumferential
view; processes 34–50 mm long and 16.5–25.6 percent of vesicle
diameter (average 41 mm long and 21% of diameter, n59); basal
expansion 19–26 mm wide at base (average 23 mm, n59) and 11.5–
20.5 mm long (average 16.5 mm, n59), 1.2–1.8 in width/length

FIGURE 95—Sketch showing vesicle and process morphologies of
Weissiella grandistella Vorob’eva, Sergeev, and Knoll, 2009.
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FIGURE 96—Xenosphaera liantuoensis Yin L., 1987, emend. 1, 2, paratype, IGCAGS-XFH-388, thin section X71013-4-97 (Q31/2; 30 3 101.3): 2,
enlarged view of marked area (arrow) in 1; 3, 4, IGCAGS-XFH-056, thin section 71013-4-10 (S43/1; 41.4 3 99.6): 4, enlarged view of marked area
(arrow) in 3; 5, 6, IGCAGS-XFH-057, thin section 71013-4-10 (S43/2; 42.2 3 99.1): 6, enlarged view of marked area (arrow) in 5; 7, 8, IGCAGS-XFH-
107, thin section XFH01-7 (J34/1; 32.6 3 108.2): 8, enlarged view of marked area (arrow) in 7.
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ratio (average 1.5, n59); apical spine about 2–5 mm wide (average
3 mm, n59) and 17–31.5 mm long (average 24.5 mm, n59).

Etymology.—Species name derived from Latin triangularis,
with reference to the nearly straight triangular basal expansion
of this species.

Holotype.—IGCAGS–NPIII–280, Figure 68.1.
Material.—Eleven specimens, lower Member III (Wang-

fenggang) and Member III (Niuping).
Remarks.—The curved distal end of the processes may be

taphonomic feature, as there exist both curved and straight processes
on the same vesicle. The basal expansion of Mengeosphaera
triangularis n. sp. is not strongly inflated, thus it is tentatively
placed in the genus Mengeosphaera. The processes of two other
Mengeosphaera species—M.? cuspidata n. sp. and M.? gracilis n.
sp.—also have a somewhat deflated basal expansion. However, M.?
cuspidata n. sp. has much larger and longer processes, whereas M.?
gracilis n. sp. has much smaller processes than M. triangularis n. sp.

MENGEOSPHAERA UNIFORMIS new species
Figures 51.14, 69.1–69.7

Diagnosis.—Medium-sized spherical vesicle with even dis-
tributed, closely arranged but basally separate, biform
processes. Processes hollow, communicate freely with vesicle
cavity, and uniform in size and shape. Basal expansion small,
obtusely domical, inflated, and wider than long. Apical spine
acutely conical and tapers to a pointed termination.

Description.—Holotype (Fig. 69.1–69.3): vesicle 105 mm in
diameter, with ,65 processes in circumferential view; pro-
cesses 19.5 mm in overall length (about 18.6% of vesicle
diameter); basal expansion ,5 mm wide at base and 2.5 mm
long; apical spine ,1.0 mm wide and ,17 mm long. Other
specimens: vesicles 100–141.5 mm in diameter (average
118.6 mm, n58), with 60–80 processes in circumferential view;
processes 15.0–22.5 mm long (average 18.3 mm, or 11–16
percent of vesicle diameter; n53); basal expansion 4.9–6.2 mm
in basal width (average 5.4 mm, n531), 2.4–2.5 mm in length
(average 2.5 mm, n53), 2.1–2.3 in width/length ratio; apical
spine ,1.0 mm wide and 15–20 mm long.

Etymology.—Species name derived from Latin uniformis,
with reference to the extremely uniform and regularly
arranged processes of this species.

Holotype.—IGCAGS–NPIII–527, Figure 69.1–69.3.
Material.—Eight specimens, upper Member III, Niuping

section.
Remarks.—Mengeosphaera uniformis n. sp. is characterized

by its small and uniform processes which have an obtusely
domical basal expansion. It can be differentiated from other

Mengeosphaera species (e.g., M.? gracilis n. sp., M. latibasis n.
sp., M. minima n. sp.) by its basally separate and extremely
uniform processes.

Genus POLYGONIUM Vavrdová, 1966 emend.
Sarjeant and Stancliffe, 1996

Type species.—P. gracile Vavrdová, 1966.

POLYGONIUM sp.
Figures 70.1–70.3, 71

Description.—Vesicles polygonal in outline, 150–200 mm in
diameter, bearing a small number of homomorphic processes
(11–12 processes in circumferential view). Processes conical,
deflated, hollow, communicate with vesicle cavity, distally
acuminate, broad at base, and basally joined so that the
differentiation between processes and vesicle wall is not apparent.
Processes about 60–70 mm long and 30–35 mm wide at base.

Material.—Three specimens, lower Member III (Xiao-
fenghe) and upper Member III (Niuping).

Remarks.—This species is attributed to the genus Poly-
gonium because of the polygonal outline of its vesicle.

Genus SINOSPHAERA Zhang et al., 1998 emend.
Xiao, Zhou, Liu, Wang, and Yuan, 2014

Sinosphaera ZHANG, YIN L., XIAO, AND KNOLL, 1998, p. 38.
Castaneasphaera ZHOU, BRASIER, AND XUE, 2001, p. 1173.

Type species.—S. rupina Zhang, Yin L., Xiao, and Knoll,
1998 emend.

Other species.—S. asteriformis n. sp.; S. speciosa (Zhou,
Brasier, and Xue, 2001) Xiao, Zhou, Liu, Wang, and Yuan,
2014; S. variabilis Xiao, Zhou, Liu, Wang, and Yuan, 2014.

Remarks.—This genus is characterized by processes of two
distinct sizes and shapes (bimorphic processes). The genus
diagnosis was emended by Xiao et al. (2014) to correct some
mischaracterization in the original diagnosis (Zhang et al., 1998)
and to accommodate new species of this genus. Castaneasphaera
Zhou et al., 2001 is also characterized by two types of processes
(small domical processes and large conical processes) that are
arranged in a way similar to those in Sinosphaera. Thus, it is
regarded as a junior synonym of Sinosphaera.

SINOSPHAERA ASTERIFORMIS new species
Figures 72.1, 73.1–73.6

Diagnosis.—A species of Sinosphaera similar to S. rupina,
but its large processes are fewer in numbers (3–4 in
circumferential view), more sparsely distributed, and slightly
biform in shape (with a slightly inflated basal expansion).

FIGURE 97—Sketch showing vesicle and process morphologies of Xenosphaera liantuoensis Yin L., 1987, emend.
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Description.—Holotype (Fig. 73.1–73.4): vesicle 450 mm in
diameter; most small processes 6–7 mm wide at base and 5–
6 mm long, but a few can be up to 15 mm wide at base and
10 mm long; large processes ,143 mm in overall length and 30–
50 mm wide at base (average 43 mm, n54). Second specimen:
vesicle 195 3 310 mm in size; small processes 5.5–7.5 mm wide
at base and 4.5–9.0 mm long; large process 24–32 mm wide at
base (average 28 mm, n54) and ,107 mm long.

Etymology.—Species name derived from Latin aster and -
formis, with reference to the several long and large processes of
this species that form a star-shaped morphology.

Holotype.—IGCAGS–WFG–827, Figure 73.1–73.4.

Material.—Three specimens, lower Member III, Wangfeng-
gang section.

Remarks.—The new species is different from Sinosphaera
rupina in its distinctively fewer large processes but these two
species are otherwise very similar.

SINOSPHAERA RUPINA Zhang, Yin L., Xiao, and Knoll,
1998 emend.

Figures 72.2, 73.7–73.9, 74.1–74.7

Sinosphaera rupina ZHANG, YIN L., XIAO, AND KNOLL, 1998,
p. 38, fig. 11.4–11.7 (part); LIU, YIN C., CHEN, TANG, AND

GAO, 2013, fig. 11F, 11G.

FIGURE 98—Yushengia ramispina n. gen. n. sp. 1–4, holotype, IGCAGS-NPIII-538, thin section NPIII13-3-16 (C53; 51.4 3 113.9), at different focal levels.
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? Sinosphaera rupina ZHANG, YIN L., XIAO, AND KNOLL,
1998, p. 38, fig. 11.8–11.10 (part).

non ?Sinosphaera rupina ZHANG, YIN L., XIAO, AND KNOLL,
1998; GREY, 2005, p. 291, fig. 201; WILLMAN, MOCZY-

DŁOWSKA, AND GREY, 2006, p. 32, pl. 2, fig. 4; WILLMAN

AND MOCZYDŁOWSKA, 2008, p. 526, fig. 11D, 11F;
VOROB’EVA, SERGEEV, AND CHUMAKOV, 2008, fig. 2i;
GOLUBKOVA, RAEVSKAYA, AND KUZNETSOV, 2010, pl. 4,
fig. 5; SERGEEV, KNOLL, AND VOROB’EVA, 2011, p. 1005,
fig. 7.2–7.4.

Diagnosis.—Emended: large spheroidal vesicle with bi-
morphic processes. Small processes uniformly conical, hollow,
communicate with vesicle cavity, bluntly tipped, basally
joined, and densely arranged. Large processes conical, hollow,
communicate freely with vesicle cavity, moderate in numbers,
and scattered among small processes.

Description.—Vesicle 250–550 mm in diameter (average
383 mm, n530). Small processes conical, wider than long or
nearly equal in length and width, 9.5–12 mm wide at base, and
6–9.5 mm long. Large processes conical or subtly biform with a
pointed tip, 25–30 mm wide at base, 50–70 mm long, and spaced
at 2–60 mm. Approximately ,20 large processes in circumfer-
ential view.

Material.—About 100 specimens, lower Member III
(Wangfenggang) and Member III (Niuping).

Remarks.—The small processes in Sinosphaera rupina were
originally described as regularly arranged conical invagina-
tions of the vesicle wall (Zhang et al., 1998), but they are
actually basally joined conical processes. The larger processes
of S. rupina were originally diagnosed as cylindrical in shape
(Zhang et al., 1998) but they are clearly conical in the holotype
(Zhang et al., 1998, fig. 11.4–11.7) although they are more
slender and cylindrical in the other illustrated specimen
(Zhang et al., 2008, fig. 11.8–11.10). Thus, the second
specimen (Zhang et al., 2008, fig. 11.8–11.10) is tentatively
accepted as S. rupina, noting that it may represent a different
species.

Acritarchs described as ?Sinosphaera rupina from the Perta-
tataka Formation, Amadeus Basin of Australia (Grey, 2005),
Dey Dey Mudstone and Tanana Formation, Officer Basin of
Australia (Willman et al., 2006; Willman and Moczydłowska,
2008), and Ura Formation, Patom Uplift of Siberia (Vorob’eva
et al., 2008; Golubkova et al., 2010; Sergeev et al., 2011) do not
have the characteristic bimorphic processes and thus should be
excluded from this genus; these specimens have been reassigned
to Asterocapsoides robustus Xiao et al., 2014.

FIGURE 99—Genus and species undetermined. 1–4, IGCAGS-NPIII-370, thin section NPIII13-2-4 (X40; 39 3 93.4): 2, enlarged view of marked area
(white arrow) in 1; 3, 4, enlarged views of marked area (black arrows) in 1.
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FIGURE 100—Granitunica mcfaddeniae n. gen. n. sp. 1, IGCAGS-WFG-479, thin section WFG8421-19 (O54; 52.2 3 103.5); 2, 3, IGCAGS-XFH-288,
thin section X71013-4-37 (S39/2; 37.9 3 99.4): 3, enlarged view of marked area (arrow) in 2, showing microgranulae; 4, 5, holotype, IGCAGS-XFH-214,
thin section XFH8817-2-14 (F46; 44.6 3 111): 5, enlarged view of marked area (arrow) in 4, showing stellate microgranulae; 6, IGCAGS-XFH-204, thin
section XFH8817-2-1 (P54; 52.3 3 102.3); 7, IGCAGS-XFH-039, thin section 71013-4-8 (N28; 27.2 3 103.7).

108 LIU ET AL.



One of our specimens (Fig. 73.8) seems to contain clots of
organic matter that may represent degraded cells within the
vesicle.

Genus TANARIUM Kolosova, 1991 emend.
Moczydłowska, Vidal and Rudavskaya, 1993

Type species.—T. conoideum Kolosova, 1991 emend.
Moczydłowska, Vidal and Rudavskaya, 1993.

Other species.—T. acus n. sp.; T. araithekum Grey, 2005; T.
digitiforme Sergeev, Knoll, and Vorob’eva, 2011; T. elegans n.
sp.; T. irregulare Moczydłowska, Vidal, and Rudavskaya,
1993; T. longitubulare n. sp.; T. mattoides Grey, 2005; T.
megaconicum Grey, 2005; T.? minimum n. sp.; T.? muntense
Grey, 2005; T. obesum n. sp.; T. paucispinosum Grey, 2005; T.
pilosiusculum Vorob’eva, Sergeev, Knoll, 2009; T. pluripro-
tensum Grey, 2005; T. pycnacanthum Grey, 2005; T.
tuberosum Moczydłowska, Vidal, and Rudavskaya, 1993; T.
varium n. sp.; T. victor Xiao, Zhou, Liu, Wang, and Yuan,
2014.

TANARIUM ACUS new species
Figures 75.1–75.7, 76.1

Diagnosis.—Small spheroidal vesicles, often aggregated in
clusters, bearing numerous basally separate processes. Pro-
cesses needle-like, hollow, and communicate freely with vesicle
cavity. Many processes are biform, with a very small conical
basal expansion and a long, straight, filamentous apical spine.
Processes terminated by a pointed tip.

Description.—Vesicles 45–55 mm in diameter (45 mm for
holotype; average 49.5 mm, n534); basal expansion about 2.5–
3 mm wide and 2.5–3.5 mm long (holotype: 3 mm wide and
3.5 mm long); apical spine about 11–12 mm long (holotype:
12 mm) and ,1 mm thick; process spacing 3–10 mm, with 25–30
processes in circumferential view.

Etymology.—Species name derived from Latin acus, with
reference to the needle-like processes of this species.

Holotype.—IGCAGS–WFG–741, Figure 75.2.
Material.—Several hundred specimens, lower Member III

(Wangfenggang) and Member III (Niuping).
Remarks.—Tanarium acus n. sp. can be differentiated from

other Tanarium species by its small vesicle size and biform
processes with a small basal expansion. This species could be
placed in Appendisphaera, Cavaspina, or Mengeosphaera. But
its processes are less densely arranged than those of Appendi-
sphaera or Mengeosphaera, proportionally longer than those
of typical Cavaspina, and not inflated at base as typical
Mengeosphaera species are. Thus, it is placed in the genus
Tanarium.

Tanarium acus n. sp. is most similar to T. elegans n. sp. and
Xenosphaera liantuoensis in its small vesicle and very thin
processes. Tanarium elegans n. sp. can be differentiated from
T. acus n. sp. by its more numerous but shorter processes
that typically lack a thin filamentous tip (Fig. 75.8–75.16).
Xenosphaera liantuoensis can be differentiated from T. acus
by its medium-sized vesicle and longer processes that taper
gradually to a pointed tip but lack a well-defined conical
base.

TANARIUM CONOIDEUM Kolosova, 1991 emend.
Moczydłowska, Vidal, and Rudavskaya, 1993

Figures 76.2, 77.1–77.6

Tanarium conoideum KOLOSOVA, 1991, p. 56, fig. 5.1–5.3;
MOCZYDŁOWSKA, VIDAL, AND RUDAVSKAYA, 1993, p. 514,
text-fig. 10C, 10D; KNOLL, 1994, fig. 4G; MOCZYDŁOWSKA,
2005, p. 302, fig. 7A, 7C, 7E; SERGEEV, KNOLL, AND

VOROB’EVA, 2011, p. 1005, fig. 6.1, 6.2; MOCZYDŁOWSKA

AND NAGOVITSIN, 2012, p. 18, fig. 8k; XIAO, ZHOU, LIU,
WANG, AND YUAN, 2014, p. 51, fig. 33.1–33.6.

Description.—Spheroidal vesicle, 150–175 mm in diameter
(average 162.5 mm, n56), bearing a small number of straight
conical processes. Processes are long and large relative to
vesicle diameter, hollow, communicate with vesicle cavity,
sometimes basally inflated to a slight degree, and distally
tapering to a pointed or blunt tip. Processes 46–68 mm in
length (average 57 mm, n514) and 20–30 mm in basal width
(average 25 mm, n514). Process spacing 7–30 mm, with 10–16
processes in circumferential view.

Material.—Six specimens, lower Member III, Wangfeng-
gang and Niuping sections.

Remarks.—As discussed in Xiao et al. (2014), distally
hooked processes are regarded as a biological feature
characteristic of the genus Hocosphaeridium. Thus, acantho-
morph specimens that have distally hooked processes but were
previously described as Tanarium conoideum have been moved
to the genus Hocosphaeridium. The holotype of T. conoideum,
as well as specimens of T. conoideum described in Moczy-
dłowska et al. (1993), has straight rather than distally hooked
processes (Kolosova, 1991). Our specimens are very similar to
those from Siberia in vesicle size and process morphology
(Moczydłowska et al., 1993), and they are different from T.
tuberosum, T. obesum n. sp., and Goniosphaeridium cratum
Zang in Zang and Walter, 1992, in that the latter three species
have fewer and proportionally larger processes.

Several specimens published as Tanarium conoideum (Vor-
ob’eva et al., 2009a, 2009b; Moczydłowska and Nagovitsin,
2012) probably should be excluded from this species because
their processes are too short. Additional discussion of these
specimens can be found in Xiao et al. (2014). On the other
hand, specimens published as T. irregulare in Willman and
Moczydłowska (2011) are similar to (and may be more
appropriately identified as) T. conoideum in process size and
shape. The same can be said of the T. anozos specimens
illustrated in Moczydłowska and Nagovitsin (2012).

TANARIUM ELEGANS new species
Figures 75.8–75.16, 76.3

Diagnosis.—Small spheroidal vesicle, bearing numerous
conical processes arranged evenly and regularly. Processes
hollow, communicate with vesicle cavity, and gradually taper
to a blunt termination.

Description.—Vesicles 30–50 mm in diameter (45 mm for
holotype; average 40 mm, n595). Processes about ,2.5 mm
wide at base and 6–8 mm long (6.5 mm long for holotype;
average 6.5 mm, n530). Processes closely arranged but basally
separate, with 30–40 processes in circumferential view (38
processes for holotype).

Etymology.—Species name derived from Latin elegans, with
reference to the evenly distributed processes of this species.

Holotype.—IGCAGS–XFH–270, Figure 75.10.
Material.—More than 100 specimens, lower Member III,

Xiaofenghe section.
Remarks.—The specimens described here are often pre-

served together with a mass of Siphonophycus filaments
(Fig. 75.8). Most specimens are poorly preserved and their
processes are difficult to observe due to strong decomposition.
They are similar to Tanarium acus n. sp. in vesicle size and
processes with a small conical base, but different in its greater
process density and the lack of a filamentous apex. Some
specimens have an inner vesicle that is similar to the
plasmolysis structure of Xenosphaera liantuoensis described
in Yin L. (1987), but T. elegans can be distinguished from X.
liantuoensis by its smaller vesicle and shorter processes that
lack a filamentous tip.
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FIGURE 101—Leiosphaeridia tenuissima Eisenack, 1958. 1, IGCAGS-XFH-070, thin section 71013-4-16 (H18; 17.5 3 108.4); 2, IGCAGS-XFH-034,
thin section 71013-4-8 (H35/3; 33.8 3 108.2); 3, IGCAGS-XFH-175, thin section XFH8817-1-15 (U23; 21.6 3 97); 4, IGCAGS-XFH-071, thin section
71013-4-16 (M24; 22.8 3 104.3); 5, IGCAGS-XFH-077, thin section 71013-4-16 (O19/2; 18.6 3 103); 6, IGCAGS-XFH-146, thin section XFH8817-1-8
(O26/3; 24.7 3 102.6). Scale bar in 1 for all specimens.
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TANARIUM LONGITUBULARE new species
Figures 76.4, 78.1–78.6, 79.1–79.5

Diagnosis.—Medium-sized spheroidal to subspheroidal ves-
icle with abundant, basally separate, cylindrical processes.
Processes homomorphic, straight, long, hollow, communicate
with vesicle cavity, sometimes slightly expanded at base, and
terminated by a blunt tip.

Description.—Vesicles 90–200 mm in diameter (holotype
160 mm, average 141 mm, n528); processes 60–125 mm in
length (84 mm for holotype; average 78.5 mm, n514) and 47.5–
71.5 percent of vesicle diameter (52.5% for holotype; average
58.5%, n514), ,4 mm in width. ,40 processes in circumfer-
ential view.

Etymology.—From Latin longus and tubularis, with refer-
ence to the long and cylindrical processes of this species.

Holotype.—IGCAGS–WFG–637, Figure 78.1.
Material.—Thirty specimens, lower Member III (Wang-

fenggang) and upper Member III (Niuping).
Remarks.—The new species is somewhat similar to

Appendisphaera in its long processes. However, Appendi-
sphaera processes are very densely distributed (barely
separate at base) and typically taper distally, thus different
from the cylindrical and basally separate processes of
Tanarium longitubulare. The new species can be distinguished
from other Tanarium species by its long and cylindrical
processes. Its process length in percentage of vesicle diameter
is greater than other Tanarium species with long processes (e.g.,
T. mattoides and T. pycnacanthum) or tubular processes (e.g., T.
irregulare and T. mattoides). Additionally, its straight and
homomorphic processes with blunt terminations distinguish T.
longitubulare n. sp. from Tanarium species with cylindrical
processes that are terminated by a pointed tip. Tanarium
longitubulare n. sp. is similar to Baltisphaeridium gracilentum
Yin C. in Yin C. and Liu, 1988, Meghystrichosphaeridium

gracilentum (Yin C. in Yin C. and Liu, 1988) Zhang et al.,
1998, or T. gracilentum (Yin C. in Yin C. and Liu, 1988) Yin L.
et al., 2011, in process density and proportional length;
however, B. gracilentum and its synonymous species have
smaller vesicles and distally tapering processes.

TANARIUM? MINIMUM new species
Figures 76.5, 80.1–80.4

Diagnosis.—Small spheroidal vesicle bearing a moderate
number of conical processes. Processes homomorphic, hollow,
unevenly distributed (basally separate or joined), and com-
municate with vesicle cavity.

Description.—Holotype: vesicle 22 mm in diameter, process-
es 3 mm in length and 2–2.5 mm in basal width. Second
specimen: vesicle 19.5 3 25 mm, processes ,3.5 mm long and
1.5–2 mm wide at base.

Etymology.—Species name derived from Latin minimus,
with reference to the small vesicle size of this species.

Holotype.—IGCAGS–WFG–817, Figure 80.2, 80.3.
Material.—Two specimens, lower Member III, Wangfeng-

gang and Xiaofenghe sections.
Remarks.—The illustrated specimens are not well preserved.

Particularly, most processes are missing their tips, most likely
due to taphonomic alteration. Thus, some processes appear to
be distally open, but originally they were probably conical
with closed tips. Additionally, there seem to be peach fuzz-like
structures between conical processes; it is unclear whether
these are densely arranged but poorly preserved processes (cf.
Bispinosphaera peregrine) or a taphonomic artifact. Some
Cambrian acritarchs—such as Heliosphaeridium ampliatum
(Wang, 1985) Yao et al., 2005 from the Yurtus Formation in
Xinjiang, northwestern China (fig. 3.1 of Dong et al., 2009)—
also have such fuzzy structures between conical processes. We

FIGURE 102—Vesicle size distribution of Leiosphaeridia tenuissima Eisenack, 1958.
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FIGURE 103—Leiospheres with cellular inclusions; 1, IGCAGS-WFG-671, thin section WFG80816-2-31 (U27/2; 26.5 3 97); 2, IGCAGS-WFG-391,
thin section WFG80816-3-23 (P37/2; 36.3 3 102.6); 3, IGCAGS-NPIII-009, thin section NPIIIa-1 (N33/4; 32.5 3 103.6); 4, IGCAGS-XFH-422, thin
section XFH01-36a (K33/4; 32.3 3 106.6); 5, IGCAGS-XFH-220, thin section X71013-4-5 (B31/2; 30.3 3 114.5); 6, 7, IGCAGS-XFH-309, IGCAGS-
XFH-310, thin section X71013-4-50 (U37/3; 35.4 3 96.7); 8, IGCAGS-NPIII-224, thin section X71013-4-5 (Q25; 24.4 3 100.5), arrow pointing to
papillae or filaments on shrunken cell; 9, IGCAGS-XFH-175, thin section XFH8817-1-15 (U23; 21.6 3 97); 10, IGCAGS-XFH-409, thin section
XFH01-16a (R31; 30.5 3 100), arrow pointing to cell invagination; 11, IGCAGS-XFH-408, thin section XFH01-16a (Q27; 26 3 101); 12, IGCAGS-
XFH-420, thin section XFH01-25a (U30; 29 3 96.9); 13, IGCAGS-XFH-436, thin section XFH01-40 (L22/4; 21.4 3 105.4); 14, 15, IGCAGS-XFH-418,
IGCAGS-XFH-417, thin section XFH-24a (Q38/4 and N47/4; 37 3 101.4 and 45.8 3 103.9); 16, IGCAGS-XFH-296, thin section X71013-4-44 (P31/3;
29.8 3 101.5); 17, IGCAGS-XFH-407, thin section XFH01-7a (R42; 40.6 3 100); 18, IGCAGS-AFH-421, thin section XFA01-32a (E33/1; 31.8 3
111.8); 19, IGCAGS-XFH-394, thin section XFH01-4a (D46; 44.4 3 112.5). Scale bar in 1 for 1–8, and scale bar in 9 for 9–16.
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cannot determine whether such structures are biological in
origin, and thus this feature is not included in the diagnosis.

This species is rather small in Ediacaran standards. Indeed,
its vesicle size is comparable to many early Cambrian
acanthomorphs (Yao et al., 2005; Dong et al., 2009; Moczy-
dłowska, 2011). However, if not considering its small vesicle
size, its process morphology, density, and process/vesicle ratios
are somewhat similar to Tanarium pilosiusculum. We tentatively
place this species in Tanarium; the taxonomic uncertainty stems
from its rather small vesicle, short processes relative to vesicle
diameter, and our small sample size.

TANARIUM OBESUM new species
Figures 76.6, 81.1–81.6, 82.1–82.6

Tanarium tuberosum MOCZYDŁOWSKA, VIDAL, AND RUDAVS-

KAYA, 1993; LIU, YIN C., CHEN, TANG, GAO, 2013,
fig. 13C.

Diagnosis.—A species of Tanarium with a small to medium-
sized vesicle covered with a moderate number of relatively
large, acutely conical, and heteromorphic processes that
occasionally bifurcate.

Description.—Spheroidal vesicle, 35–125 mm in diameter
(average 56.6 mm, n519), with 10–13 processes in circumfer-
ential view. Processes heteromorphic, very large relative to
vesicle size, mostly acutely conical with a broad base, often
longer than wide, sometime inflated, occasionally bifurcate
distally (Figs. 81.6, 82.1), basally separate but still closely
arranged, and distally closed at a pointed or blunt tip.
Processes 16–25 mm long and 33.5–60 percent of vesicle
diameter (average 19.5 mm, 45.5 percent of vesicle diameter,
n517) and 9.5–15 mm wide at base (average 12 mm).

Etymology.—Species name derived from Latin obesus, with
reference to the large and broad processes of this species.

Holotype.—IGCAGS–WFG–715, Figure 81.1, 81.2.
Material.—Twenty-one specimens, lower Member III,

Wangfenggang, Niuping, and Xiaofenghe sections.
Remarks.—This taxon is characterized by a small number of

large, basally broad, conical processes. It is most similar to
Goniosphaeridium cratum Zang in Zang and Walter, 1992, and
Tanarium tuberosum Moczydłowska, Vidal, and Rudavskaya,
1993. The latter two taxa are also characterized by large acutely
conical processes with a broad base, and they are common
elements in Ediacaran successions (Zhang et al., 1998; Grey,
2005; Moczydłowska, 2005; Willman et al., 2006; Willman and
Moczydłowska, 2008; Vorob’eva et al., 2009b; Golubkova et
al., 2010; Moczydłowska and Nagovitsin, 2012). However, T.
obesum is different in its heteromorphic processes that

sometimes bifurcate distally. Additionally, T. obesum can be
differentiated from T. tuberosum by its more abundant and
more closely arranged processes, and it can be distinguished
from G. cratum by its much larger processes (relative to vesicle
size).

The specimen identified as T. tuberosum in Liu et al. (2013)
belong to the same population as those described in this paper.
New observation of additional specimens shows that the
processes are more variable than T. tuberosum, including
occasional bifurcating processes. Thus, that specimen should
be identified as T. obesum.

TANARIUM PILOSIUSCULUM Vorob’eva, Sergeev,
and Knoll, 2009

Figures 76.7, 83.1–83.3

Tanarium pilosiusculum VOROB’EVA, SERGEEV, AND KNOLL,
2009b, p. 182, fig. 7.1, 7.2 (part).

Tanarium conoideum KOLOSOVA, 1991; VOROB’EVA, SERGEEV,
AND KNOLL, 2009a, fig. 4e; VOROB’EVA, SERGEEV, AND

KNOLL, 2009b, p. 180, fig. 7.4, 7.7.
? Tanarium pilosiusculum VOROB’EVA, SERGEEV, AND KNOLL,

2009b, p. 182, fig. 7.3 (part).

Description.—Spheroidal to subspheroidal vesicle, 210–
400 mm in diameter, bearing numerous widely and evenly
distributed processes. Processes hollow, communicate with
vesicle cavity, short relative to vesicle diameter, acutely
conical, broad at base but taper gradually to a blunt tip.
Processes basally separate, spaced at .10 mm, with 14–20
processes in circumferential view, 17–56 mm in length (average
25 mm, 8.1–17.2 percent of vesicle diameter, n510), and 17–
28 mm in basal width (average 20.5 mm, n510).

Material.—Two specimens, lower Member III, Wangfeng-
gang and Niuping sections.

Remarks.—Tanarium pilosiusculum is characterized by its
relatively short, acutely conical, and sparsely distributed
processes. Tanarium araithekum also has short processes, but
they are much thinner and more abundant. Acanthomorph
specimens described as T. conoideum by Vorob’eva et al.
(2009a, 2009b) have short and widely distributed conical
processes, which are different from the long processes
characteristic of T. conoideum (Moczydłowska et al., 1993;
Grey, 2005; Moczydłowska, 2005; Willman et al., 2006;
Willman and Moczydłowska, 2008). Although some of their
processes are distally broken, the completely preserved ones
are shorter than typical T. conoideum processes. Instead, these
specimens may be identified as T. pilosiusculum.

One of the three specimens described as Tanarium pilosiuscu-
lum (Vorob’eva et al., 2009b, fig. 7.3) has very short and
obtusely conical processes (process length 4–10% of vesicle
diameter, average 5%). It does not fit the diagnosis of Tanarium
(process length 12–50% of vesicle diameter; Moczydłowska,
2005), and probably should be excluded from T. pilosiusculum.
This specimen, however, is not the holotype of T. pilosiusculum.

Several other species—for example Goniosphaeridium urium
Nagovitsin and Faizullin in Nagovitsin et al., 2004, and
Gyalosphaeridium minutum Nagovitsin and Faizullin in Nago-
vitsin et al., 2004—are also characterized by a moderate
number of short conical processes. However, their processes
are too short (,10% of vesicle diameter) to be included in the
genus Tanarium. Moczydłowska and Nagovitsin (2012) have
placed them in Cavaspina.

TANARIUM PYCNACANTHUM Grey, 2005
Figures 76.8, 84.1–84.7

Tanarium pycnacanthum GREY, 2005, p. 322, figs. 245A–245D,
246A–246E;

FIGURE 104—Vesicle size distribution of leiospheres with cellular
inclusions.
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? Tanarium pycnacanthum; WILLMAN AND MOCZYDŁOWSKA,
2008, p. 527, fig. 12D, 12E.

Tanarium pluriprotensum GREY, 2005; LIU, YIN C., CHEN,
TANG, AND GAO, 2013, fig. 13A.

Description.—Spheroidal vesicle, 65–115 mm in diameter
(average 86 mm, n515), with 40–60 processes in circumferential
view. Processes densely distributed but basally separate, long,
straight, acutely conical, slightly widened at base, gradually

tapering to a pointed tip, hollow, and communicate with vesicle
cavity. Processes 19–30 mm long (average 25.5 mm, n510) or
20.0–34.7 percent of vesicle diameter (average 29.0%, n510),
and 3.4–6.5 mm wide at base (average 5.2 mm, n518).

Material.—Fifteen specimens, lower Member III (Wang-
fenggang) and Member III (Niuping).

Remarks.—The current specimens are similar to Australian
specimens (Grey, 2005) in process morphology and density,
although the latter have somewhat longer processes. Specimens

FIGURE 105—Concatenated leiospheres. 1, IGCAGS-XFH-065, thin section 71013-4-11 (V56/2; 55 3 96.5); 2, IGCAGS-XFH-064, thin section
71013-4-11 (N59/2; 57.8 3 104.6); 3, IGCAGS-XFH-104, thin section XFH01-7 (G36; 34.8 3 109.5).
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FIGURE 106—1–5, Osculosphaera arcelliformis n. sp. 1, IGCAGS-WFG-804, thin section WFG80816-1-27 (K25/2; 24.4 3 107.3); 2, IGCAGS-WFG-
409, thin section WFG80816-3-30 (R29; 28 3 99.7); 3, holotype, IGCAGS-NPIII-228, thin section NPIII13-2-2 (E19/2; 18.3 3 111.8); 4, IGCAGS-
XFH-336, thin section X71013-4-61 (V45/3; 43.4 3 95.7); 5, IGCAGS-NPIII-503, thin section NPIII13-3-8 (U36/4; 35.5 3 96.5); 6, Osculosphaera
hyalina Butterfield in Butterfield, Knoll, and Swett, 1994, emend. IGCAGS-WFG-588, thin section WFG8421-115 (D39; 37.2 3 112.5); 7–10,
Osculosphaera? spp.: 7, IGCAGS-WFG-372, thin section WFG80816-3-16 (R49; 47.5 3 99.9); 8, IGCAGS-WFG-587, thin section WFG8421-115 (C49/
4; 47.5 3 113.4); 9, IGCAGS-WFG-480, thin section WFG8421-23 (C48; 46 3 113.8); 10, IGCAGS-NPIII-092, thin section NPIIIb-12 (N38; 36.7 3
104).
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FIGURE 107—Osculosphaera membranifera n. sp. 1, IGCAGS-WFG-356, thin section WFG80816-3-15 (M27/3; 25.9 3 104.4); 2, holotype, IGCAGS-
WFG-373, thin section WFG80816-3-16 (Q52; 49.9 3 100.9); 3, IGCAGS-WFG-436, thin section WFG80816-3-34 (D29/1; 27.7 3 112.8); 4, IGCAGS-
WFG-357, thin section WFG80816-3-15 (P19/3; 19 3 101.6); 5, IGCAGS-NPIII-149, thin section NPIIIb-20 (R47; 45.5 3 100.5); 6, IGCAGS-WFG-
516, thin section WFG8421-67 (D53/4; 51.6 3 112.5).
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FIGURE 108—Schizofusa zangwenlongii Grey, 2005. 1, IGCAGS-WFG-324, thin section WFG80816-3-1 (N23; 21.8 3 103.8); 2, IGCAGS-WFG-114,
thin section WFG80816-1-3 (Q19; 18.2 3 101.1); 3, IGCAGS-XFH-101, thin section XFH01-7 (A35; 33.4 3 115.5); 4, IGCAGS-WFG-670, thin section
WFG80816-2-31 (T27; 25.9 3 98); 5, IGCAGS-XFH-016, thin section 71013-4-4 (O50; 47.3 3 103.5); 6, IGCAGS-XFH-235, thin section X71013-4-8
(K47/4; 45.9 3 106.7).
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FIGURE 109—1, 2, Cyanonema attenuatum Schopf, 1968, IGCAGS-WFG-734, thin section WFG80816-2-47 (P50/2; 48.6 3 102.5): 2, enlarged view of
1; 3–7, Oscillatoriopsis obtusa Schopf, 1968, emend. Butterfield, Knoll, and Swett, 1994: 3, IGCAGS-NPIII-013, thin section NPIIIa-2 (C41/3; 39.4 3
113); 4, IGCAGS-WFG-688, thin section WFG80816-2-34 (H26/4; 25.7 3 108.2); 5, IGCAGS-WFG-665, thin section WFG80816-2-30 (F53/1; 51 3
110.8); 6, IGCAGS-WFG-808, thin section WFG80816-1-27 (N22/3; 21.3 3 103.4); 7, IGCAGS-WFG-544, thin section WFG8421-77 (G23/3; 22.3 3
109); 8, Oscillatoriopsis longa Timofeev and Hermann, 1979 emend. Butterfield, Knoll, and Swett, 1994; IGCAGS-XFH-283, thin section X71013-4-32
(X39; 37.8 3 93.8); 9, 10, Oscillatoriopsis amadeus (Schopf and Blacic, 1971) Butterfield in Butterfield, Knoll, and Swett, 1994: 9, IGCAGS-WFG-283,
thin section WFG80816-2-10 (M30; 29 3 104.8); 10, IGCAGS-XFH-276, thin section X71013-4-30 (J28; 27 3 108.3); 11, Oscillatoriopsis? sp., IGCAGS-
WFG-157, thin section WFG80816-1-15 (V51/1; 49.1 3 96.5); 12, 13, Salome hubeiensis Zhang Z., 1986: 12, IGCAGS-XFH-184, thin section X8817-1-18
(S39; 37.4 3 99.1); 13, IGCAGS-XFH-211, thin section X8817-2-7 (M48; 46.5 3 104.5). Black circle is a large bubble in thin section.
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identified as Tanarium pycnacanthum by Willman and Moczy-
dłowska (2008, particularly their 12D) have processes with a much
broader base than the type material (Grey, 2005), and their
placement in T. pycnacanthum warrants further investigation. One
of our specimens (Fig. 84.1) was previously illustrated by Liu et al.
(2013) as T. pluriprotensum Grey, 2005, but its vesicle is smaller
and its processes thinner than those of T. pluriprotensum. This
specimen is more appropriately identified as T. pycnacanthum.

TANARIUM VARIUM new species
Figures 76.9, 85.1–85.8, 86.1–86.6

Diagnosis.—Large spheroidal vesicle bearing numerous
long, heteromorphic, evenly distributed, and basally separate
processes. Processes robust, straight or slightly bend, tubular
to slightly tapering, highly variable in length and width,
communicate freely with vesicle cavity, and terminated by a
blunt tip.

Description.—Vesicles 260–500 mm in maximum diameter
(holotype 420 mm; average 365 mm, n512), with ,70 processes
in circumferential view, process spacing 2–12 mm. Processes
10–200 mm in length (35–195 mm for holotype) and 2.5–25 mm
in basal width (4.5–25 mm for holotype).

Etymology.—From Latin varium, with reference to the
variable size of processes.

Holotype.—IGCAGS–NPIII–258, Figure 85.1–85.5.
Material.—Fourteen specimens, lower Member III (Wang-

fenggang) and Member III (Niuping).
Remarks.—Among described Tanarium species, only T.

megaconicum has process size comparable to the new species.
However, the new species can be differentiated from T.
megaconicum and other Tanarium species by its highly variable
and more or less tubular processes. The new species is similar
to Sinosphaera, particularly S. variabilis, in its vesicle size and
variable processes. However, unlike S. variabilis, the processes
of T. varium are not partitioned into two size classes. Instead,
there is a continuous gradient from the largest to smallest
processes. In addition, the small processes of T. varium n. sp.
are generally longer than those of S. variabilis or other
Sinosphaera species.

Genus URASPHAERA Moczydłowska and Nagovitsin, 2012

Type species.—U. capitalis Moczydłowska and Nagovitsin,
2012.

Other species.—U. fungiformis n. sp.; U. nupta n. sp.
Remarks.—Urasphaera is characterized by processes with an

apical expansion and a constriction (or waist) just below. In
U. capitalis, the process below the waist is more or less
cylindrical, whereas in U. fungiformis n. sp. and U. nupta n.
sp., there is additionally a long basal expansion that resembles
a skirt. Briareus Knoll, 1992 has processes that are both
basally and apically expanded, but its process density is much
greater than Urasphaera and its waist is weakly developed and
located along the mid-length of the processes.

URASPHAERA FUNGIFORMIS new species
Figures 87.1–87.7, 88.1–88.4, 89.1

Gyalosphaeridium pulchrum ZANG in ZANG AND WALTER,
1992; LIU, YIN C., CHEN, TANG, AND GAO, 2013, fig. 13G.

Diagnosis.—Medium-sized to large spheroidal vesicle bear-
ing a moderate number of evenly distributed and basally
separate processes. Processes hollow, more or less uniform in
length, and communicate freely with vesicle cavity. Processes
have a broad basal expansion that sometimes imparts the
vesicle a polygonal shape, a constricted waist just below the
apex, and a shield-like apical expansion that resembles a
mushroom head.

Description.—Holotype: vesicle 210 mm in maximum
diameter; processes 25–35 mm long (average 31 mm, n511),
9.0–20.8 mm wide at base (average 14.7 mm, n511), 1.1–3.4 mm
wide at waist (average 2.5 mm, n511) which is ,3 mm below
apex (roughly equivalent to thickness of apical shield), 11.9–
17.4 mm wide at apex (average 14.3 mm, n511), spaced at
20 mm, with 17 processes in circumferential view. Other
specimens: vesicles 181–250 mm in diameter; processes 22.1–
68.8 mm long (average 37.4 mm, 9–37% of vesicle diameter,
n515), 6.8–39.8 mm wide at base (average 18.2 mm, n59), 1.2–
4.6 mm wide at waist (average 2.6 mm, n59) which is ,3 mm
below apex, and 4.5–18.2 mm wide at apex (average 10.8 mm,
n59).

Etymology.—Species name derived from Latin fungus and -
formis, with reference to the mushroom-like shield at the
process apex of this species.

Holotype.—IGCAGS–NPIII–482, Figure 87.1–87.4.
Material.—Three specimens, lower Member III (Wangfeng-

gang) and upper Member III (Niuping).
Remarks.—As discussed above, the processes of Briareus

borealis Knoll, 1992 are also basally and apically expanded,
but the waist is located midway along the length of processes.
Additionally, the apical shield of Urasphaera fungiformis n. sp.
is much wider and shorter than the apical expansion of B.
borealis, which also has more numerous processes. Other
Ediacaran acanthomorphs with basally and/or apically ex-
panded processes can be easily distinguished from U.
fungiformis n. sp. The three described species of Variomargo-
sphaeridium can have processes that are both basally and
apically expanded, but their processes branch distally (Zang
and Walter, 1992; Grey, 2005; Sergeev et al., 2011; Moczy-
dłowska and Nagovitsin, 2012; Xiao et al., 2014). Similarly,
the three described species of Ancorosphaeridium Sergeev et al.,
2011 can have processes that are slightly expanded at the
apical end (Vorob’eva et al., 2008; Sergeev et al., 2011;
Moczydłowska and Nagovitsin, 2012), but their processes are
terminated by anchor-like branches, lack a basal expansion,
and are cylindrical in A. magnum Sergeev et al., 2011 and A.
minor Sergeev et al., 2011. Finally, processes of Papillomem-
brana compta Vidal, 1990 can sometimes have a bulbous
termination, but they are more or less cylindrical and lack a
distinct waist (Vidal, 1990; Knoll, 1992; Zhang et al., 1998).

Within the genus Urasphaera, U. fungiformis n. sp. is
different from U. capitalis in that the latter species has fewer
processes with a capitate apex but without a basal expansion
(Moczydłowska and Nagovitsin, 2012). In comparison with U.
fungiformis n. sp., U. nupta n. sp. is larger in vesicle size and
has more abundant and more variable processes.

One of our specimens (Fig. 88) was previously illustrated as
Gyalosphaeridium pulchrum (Liu et al., 2013). Upon closer
examination, its processes show basal and apical expansions
separated by a waist. Thus, this specimen is reassigned to
Urasphaera fungiformis n. sp.

URASPHAERA NUPTA new species
Figures 89.2, 90.1–90.7

Diagnosis.—Large spheroidal vesicle bearing numerous
robust, evenly distributed, basally separate, conical processes.
Processes hollow, variable in size, and communicate freely with
vesicle cavity. Processes are basally and apically expanded, with
a waist closer to apex, to form a profile resembling bridal
gowns. Processes are distally closed and capitately truncated.

Description.—Holotype: vesicle 550 mm in maximum diame-
ter; processes 32–110 mm long (average 53 mm, n516), 12.5–
27.5 mm wide at base (average 19 mm, n516), 2–4.6 mm wide at
waist (average 3.5 mm, n519) which is ,5 mm below apex, and 11–
24 mm wide at apex (average 15.4 mm, n519), spaces at 8–23 mm,
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FIGURE 110—1, Siphonophycus robustum (Schopf, 1968) Knoll, Swett, and Mark, 1991, IGCAGS-XFH-008, thin section 71013-4-1 (T29; 28.2 3 97.7);
2, Siphonophycus typicum (Herman, 1974) Butterfield in Butterfield, Knoll, and Swett, 1994 (thinner filaments) and Siphonophycus kestron Schopf, 1968
(two thicker filaments), IGCAGS-XFH-319A-B, thin section X71013-4-53 (R30/2; 29.3 3 100.3); 3, Siphonophycus kestron Schopf, 1968, IGCAGS-
XFH-197, thin section XFH8817-1-27 (O31; 30 3 102.8); 4–6, Siphonophycus solidum (Golub, 1979) Butterfield in Butterfield, Knoll, and Swett, 1994: 4,
IGCAGS-NPIII-051, thin section NPIIIb-4, (L31; 29.6 3 105.6); 5, IGCAGS-WFG-223, thin section WFG80816-2-3 (P39; 38 3 102); 6, IGCAGS-
WFG-250, thin section WFG80816-2-7 (D18; 17 3 112.3); 7–10, Myxococcoides sp.: 7, IGCAGS-WFG-548, thin section WFG8421-80 (Z48/4; 46.8 3
92); 8, IGCAGS-WFG-358, thin section WFG80816-3-15 (P19; 18.2 3 101.1); 9, IGCAGS-XFH-125, thin section XFH01-14 (N39/2; 38 3 104.2); 10,
IGCAGS-WFG-393, thin section WFG80816-3-23 (P37; 35.7 3 101.6). Scale bar in 6 for 1–6.
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FIGURE 111—Symphysosphaera basimembrana n. sp. 1, holotype, IGCAGS-XFH-287, thin section X71013-4-37 (R43/3; 41.3 3 99.6); 2, IGCAGS-
XFH-171, thin section X8817-1-15 (R37; 36.2 3 100.2), with arrow pointing to a small cell between larger ones; 3, IGCAGS-XFH-019, thin section
71013-4-4 (U44/2; 42.6 3 98); 4–6, IGCAGS-XFH-173, thin section X8817-1-15 (Q19/3; 18 3 100.4), at different focal levels; 7, IGCAGS-XFH-018, thin
section 71013-4-4 (Q34; 33 3 100.2); 8, 9, IGCAGS-XFH-155, thin section X8817-1-10 (K32/3; 30.8 3 106.7), at different focal levels; 10–12, IGCAGS-
XFH-156, thin section X8817-1-10 (K32/3; 30.8 3 106.7), at different focal levels.

SILICIFIED EDIACARAN MICROFOSSILS FROM DOUSHANTUO FORMATION 121



FIGURE 112—1, 2, Gremiphyca corymbiata Zhang, Yin L., Xiao, and Knoll, 1998, IGCAGS-XFH-274, thin section X71013-4-28 (G48; 46.3 3 110): 2,
detail of cells; 3–5, Wengania exquisita Zhang, Yin L., Xiao, and Knoll, 1998, IGCAGS-XFH-068, thin section 71013-4-14 (T37/2; 36 3 98): 4 and 5
detail of cells.
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FIGURE 113—Sarcinophycus sp. 1, 2, IGCAGS-NPIII-164, thin section NPIIIb-21 (X47; 45.4 3 94.3): 2, detail of cells; 3, 4, IGCAGS-NPIII-233A; 5,
6, IGCAGS-NPIII-233B; specimens preserved next to each other in thin section NPIII13-2-2 (E50; 48 3 111.7); 4 and 6 are detail of cells of 3 and
5, respectively.

SILICIFIED EDIACARAN MICROFOSSILS FROM DOUSHANTUO FORMATION 123



FIGURE 114—Thallophyca cf. corrugata Zhang and Yuan, 1992 emend. Zhang, Yin L., Xiao, and Knoll, 1998; 1, 2, IGCAGS-WFG-011, thin section
WFG8421-1a (N33/2; 32.2 3 104): 2, detail of cells; 3, 4, IGCAGS-XFH-069, thin section 71013-4-15 (E39/1; 37.5 3 111.9): 4, detail of cells; 5, 6,
IGCAGS-XFH-393, thin section XFH01-2a (H47; 45.3 3 109): 6, detail of cells.
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FIGURE 115—Wengania exquisita Zhang, Yin L., Xiao, and Knoll, 1998; 1, 2, IGCAGS-XFH-371, thin section X71013-4-88 (L29/3; 28.2 3 105.5): 2,
detail of cells; 3, 4, IGCAGS-XFH-381, thin section X71013-4-91 (K37/3; 35 3 106.8): 4, detail of cells; 5, IGCAGS-XFH-384, thin section X71013-4-93
(G39; 37.6 3 110.5); 6, IGCAGS-XFH-390, thin section X71013-4-100 (P30; 29.5 3 102).
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FIGURE 116—1–4, Quadratitubus orbigoniatus Xue, Tang, and Yu, 1992 emend. Liu, Xiao, Yin L., Zhou, Gao, and Tang, 2008: 1, IGCAGS-WFG-
567, thin section WFG8421-104 (Q52/3; 49.8 3 101); 2, IGCAGS-WFG-511, thin section WFG8421-61 (O19; 18 3 102.9); 3, IGCAGS-WFG-816, thin
section WFG80816-1-29 (R19/3; 18 3 99.9); 4, IGCAGS-WFG-325, thin section WFG80816-3-1 (M19/1; 18 3 104.9), with arrow pointing to edge of
rectangular tube; 5–8, Sinocyclocyclicus guizhouensis Xue, Tang, and Yu, 1992 emend. Liu, Xiao, Yin C., Zhou, Gao, and Tang, 2008: 5, IGCAGS-
WFG-736, thin section WFG80816-2-47, (T17/1; 16 3 98); 6, enlarged view of 5; 7, IGCAGS-NPIII-081, thin section NPIIIb-10 (P36/4; 35.5 3 101.4); 8,
enlarged view of 7.
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FIGURE 117—Sinocyclocyclicus guizhouensis Xue, Tang, and Yu, 1992 emend. Liu, Xiao, Yin C., Zhou, Gao, and Tang, 2008; 1, 2, IGCAGS-WFG-
743, thin section WFG80816-2-53 (U21/2; 20.6 3 97.3): 2, enlarge view of 1, with arrows pointing to incomplete cross-walls; 3, IGCAGS-WFG-626, thin
section WFG80816-2-22 (T54; 52.6 3 98.2); 4, IGCAGS-WFG-078, thin section WFG8421-7a (P38/3; 36.2 3 101.5); 5, IGCAGS-WFG-655, thin
section WFG80816-2-29 (G48; 46 3 110); 6, IGCAGS-WFG-033, thin section WFG8421-2c (J58; 56.3 3 107.8).
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with ,40 processes in circumferential view. Second specimen:
vesicle ,400 mm in maximum diameter; processes ,75 mm long,
20–40 mm wide at base, 6.5–11 mm wide at waist (average 7.6 mm,
n57) which is ,5 mm below apex, and 24–34 mm wide at apex
(average 29 mm, n57).

Etymology.—Species name derived from Latin nupta
(bride), with reference to the resemblance of the processes to
a bridal gown.

Holotype.—IGCAGS–WFG–759, Figure 90.1–90.5.
Material.—Two specimens, lower Member III, Wangfeng-

gang and Niuping sections.
Remarks.—Urasphaera nupta n. sp. is different from U.

capitalis and U. fungiformis n. sp. in its larger vesicle, more
abundant and morphologically variable processes, and a
longer basal expansion that resembles a skirt.

Genus VARIOMARGOSPHAERIDIUM Zang in Zang and Walter,
1992 emend. Xiao, Zhou, Liu, Wang, and Yuan, 2014

Type species.—V. litoschum ZANG in ZANG AND WALTER,
1992.

Other species.—V. floridum Nagovitsin and Moczydłowska
in Moczydłowska and Nagovitsin, 2012; V. gracile Xiao,
Zhou, Liu, Wang, and Yuan, 2014.

VARIOMARGOSPHAERIDIUM FLORIDUM Nagovitsin and
Moczydłowska in Moczydłowska and Nagovitsin, 2012

Figures 91.1–91.10, 92.1–92.7, 93

Variomargosphaeridium litoschum ZANG in ZANG AND WAL-

TER, 1992; SERGEEV, KNOLL, AND VOROB’EVA, 2011,
p. 1006, fig. 6.4–6.6; LIU, YIN C., CHEN, TANG, GAO,
2013, fig. 11C–11E.

Variomargosphaeridium cf. litoschum ZANG in ZANG AND

WALTER, 1992; VOROB’EVA, SERGEEV, AND CHUMAKOV,
2008, fig. 2f, 2g.

?Variomargosphaeridium litoschum ZANG in ZANG AND

WALTER, 1992; GOLUBKOVA, RAEVSKAYA, AND KUZNET-

SOV, 2010, p. 370, pl. 4, fig. 7a, 7b.
Variomargosphaeridium floridum NAGOVITSIN AND MOCZY-

DŁOWSKA in MOCZYDŁOWSKA AND NAGOVITSIN, 2012,
p. 21, fig. 9.

Description.—Spheroidal vesicle, 125–225 mm in diameter
(average 163.6 mm, n555), bearing a moderate number of
distally branching processes. Processes widely separated at
base, hollow, communicate with vesicle cavity, corset-like with
basal and apical expansions, and distally multifurcate into a
crown of small and short branchlets at apex (,4 distal
branchlets per process). Processes 13–24 mm long (average
18 mm, n516), 8.5–16 mm wide at basal expansion (average
11.4 mm, n516), 2–6 mm at waist (average 3.6 mm, n516), and
3.5–9 mm at apical expansion. Processes spaced at .20 mm,
with 8–15 processes in circumferential view.

Material.—More than 100 specimens, lower Member III,
Xiaofenghe and Wangfenggang sections.

Remarks.—Processes of Variomargosphaeridium floridum
branch distally to form an apical crown of branchlets, whereas
those of V. litoschum and V. gracile branch successively (Zang
and Walter, 1992; Grey, 2005; Xiao et al., 2014). Our specimens,
as well as those described as V. litoschum, V. cf. litoschum, and
?V. litoschum from Siberia (Vorob’eva et al., 2008; Golubkova
et al., 2010; Sergeev et al., 2011), are characterized by distally
branching processes and should be identified as V. floridum.

Genus WEISSIELLA Vorob’eva, Sergeev, and Knoll, 2009

Type species.—W. grandistella Vorob’eva, Sergeev, and
Knoll, 2009.

Other species.—W. brevis Xiao, Zhou, Liu, Wang, and Yuan, 2014.

WEISSIELLA GRANDISTELLA Vorob’eva, Sergeev, and Knoll, 2009
Figures 94.1–94.7, 95

Unnamed form with complex processed, VOROB’EVA,
SERGEEV, AND KNOLL, 2009a, fig. 4d.

Weissiella grandistella VOROB’EVA, SERGEEV, AND KNOLL,
2009b, p. 183, fig. 10.1, 10.1a–10.1f.

Description.—Spheroidal to subspheroidal vesicle, 80–195 mm
in diameter (average 144 mm, n510), bearing numerous robust
conical processes. Processes irregularly arranged, with adjacent
processes abutting or separate widely at base. Processes broad at
base, longer than wide, occasionally bifurcate (Fig. 94.6), and
terminated by a blunt tip. Process interior is separated from vesicle
cavity and divided by several distally convex tabulae or cross-walls
spaced at 2–10 mm. Processes 14–52 mm long (average 29 mm,
n520), 8.5–33 mm wide at base (average 20 mm, n520), spaced at
6–35 mm, with 6–18 processes in circumferential view.

Material.—Ten specimens, lower Member III (Wangfeng-
gang and Xiaofenghe) and Member III (Niuping).

Remarks.—Weissiella grandistella specimens from the Vy-
chegda Formation in the Timan Ridge are preserved as
carbonaceous compressions, and their process interior was
said to ‘‘displays internal structure with distinct microlami-
nated pattern’’ (Vorob’eva et al., 2009b). It is clear in the thin
section view of three-dimensional preserved specimens from
the Doushantuo Formation that this ‘‘microlaminated pat-
tern’’ stems from distally convex cross-walls.

Our specimens are similar to Weissiella grandistella from the
Vychegda Formation in process morphology and microstruc-
tures, but are smaller in vesicle and process sizes and the
occasional process bifurcation. They are similar to W. brevis
from the Doushantuo Formation at Weng’an in vesicle size,
but the latter has much more numerous (40–60 per circum-
ferential view) and smaller processes.

Genus XENOSPHAERA Yin L., 1987 emend.

Type species.—X. liantuoensis Yin L., 1987 emend.
Diagnosis.—As for type species.
Remarks.—Yin L. (1987) described Xenosphaera liantuoen-

sis and three unnamed Xenosphaera species from the Doush-
antuo Formation in the Yangtze Gorges area. These species are
characterized by small to medium-sized vesicles that occur
solitarily or in clusters. They are differentiated by features such
as ‘‘gelatinous matter’’ and degraded or condensed organic-rich
inner bodies, features that are now viewed as taphonomic in
origin. Most Xenosphaera specimens illustrated in Yin L. (1987)
do not have processes, but one specimen of Xenosphaera sp. C
(pl. 28, figs. 1, 2 of Yin L., 1987) has thin processes that are
similar to those of Tanarium acus. Yin L. et al. (2011) published
additional specimens in association with X. liantuoensis, and
some of them (e.g., Yin L. et al., 2011, fig. 2D) are spinose. Yin
L. (1987) commented that the smooth-walled and spinose
Xenosphaera species may be conspecific, representing different
ontogenetic stages of the same species and compared them with
chlorococcacean green algae. We agree with Yin L. (1987) that
the different Xenosphaera species are conspecific. However,
after examining the original material, we consider it more likely
that the lack of processes in some Xenosphaera specimens is
due to taphonomic loss, because the processes are so thin and
may not be preserved in all specimens. The revised diagnosis
emphasizes the presence and morphology of processes, based
on our observation of better preserved specimens.

XENOSPHAERA LIANTUOENSIS Yin L., 1987 emend.
Figures 96.1–96.8, 97

Xenosphaera liantuoensis YIN L., 1987, p. 469, pl. 21, figs. 2–4, 6–
8; pl. 22, figs. 1, 6; pl. 23, figs. 1, 2, 4, 6, 8, 14; pl. 24, figs. 2, 3, 6, 7.
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Xenosphaera sp. A, YIN L., 1987, p. 470, pl. 21, figs. 1, 5; pl.
22, figs. 5, 7; pl. 23, figs. 5, 7, 11; pl. 24, figs. 1, 12, 13.

Xenosphaera sp. B, YIN L., 1987, p. 470, pl. 22, fig. 2; pl. 23,
figs. 3, 9, 10, 12; pl. 24, figs. 5, 11; pl. 27, figs. 1, 2; pl. 28, fig. 3.

Xenosphaera sp. C, YIN L., 1987, p. 471, pl. 24, fig. 4; pl. 27,
figs. 3, 4; pl. 28, figs. 1, 2.

Colony of Xenosphaera, Yin L., 1987, pl. 26, figs. 1–6.
Unnamed species, YIN L., WANG, YUAN, AND ZHOU, 2011,

p. 282, fig. 2A–2I.
Tanarium irregulare MOCZYDŁOWSKA, VIDAL AND RUDAVS-

KAYA, 1993; LIU, YIN C., CHEN, TANG, AND GAO, 2013,
fig. 11K, 11L.

Diagnosis.—Emended: small to medium-sized vesicle with
numerous hollow, hair-like, and basally separate processes
that have a widened base and taper gradually toward a point
tip. Processes communicate with vesicle interior.

Description.—Spheroidal to subspheroidal vesicle, 115–
175 mm in diameter (average 134 mm, n516), bearing numerous
processes that are long, thin, basally widened, acutely conical,
and taper gradually toward a pointed tip. Processes hollow,
communicate with vesicle cavity, 27–45 mm (average 29 mm,
n58) in maximum length or 17–36.5 percent of vesicle diameter
(average 24%, n58), 2–3 mm in basal width, spaced at .5 mm,
with ,40 processes in circumferential view.

Paratype.—As the holotype (Yin L., 1987, pl. 21, fig. 6) is a
poorly preserved specimen without processes, the specimen
IGCAGS–XFH–388 (Fig. 96.1, 96.2) is here designated as a
paratype.

Material.—More than 100 specimens, lower Member III,
Xiaofenghe section. Most specimens, however, are poorly preserved.

Remarks.—This species could be transferred to the genus
Tanarium, but at the present it is retained in the genus
Xenosphaera pending further investigation. As discussed above,
the differences among the different Xenosphaera species are
taphonomic and they are considered conspecific. Xenosphaera
liantuoensis and Tanarium acus are different in process
morphology: processes of the former have a widened base
and gradually taper to a pointed tip, whereas those of the latter
have a small but well-defined conical base supporting an apical
filament. In addition, X. liantuoensis is larger than T. acus in
vesicle size, although their vesicle size ranges do overlap.
Xenosphaera liantuoensis can be differentiated from T. elegans
by its much longer processes. Tanarium irregulare and T.
pycnacanthum are both characterized by thin processes, but
their process density is greater than X. liantuoensis. Addition-
ally, processes of T. irregulare are thicker (5–10 mm in diameter)
and often cylindrical in shape (Moczydłowska et al., 1993;
Grey, 2005; Willman et al., 2006; Willman and Moczydłowska,
2011), whereas processes of T. pycnacanthum are proportionally
longer (60 percent of vesicle diameter) than X. liantuoensis.

One of our specimens (Fig. 96.1, 96.2) was previously
illustrated as Tanarium irregulare (Liu et al., 2013). It is similar
to Xenosphaera liantuoensis in vesicle size and processes
characteristic. Thus, this specimen is reassigned to Xeno-
sphaera liantuoensis.

Genus YUSHENGIA new genus

Type species.—Y. ramispina n. gen. n. sp.
Diagnosis.—As for type species.
Etymology.—This genus is named in honor of Dr. Yusheng

Xing, one of the pioneers in Precambrian paleontology and
stratigraphy in China.

YUSHENGIA RAMISPINA new genus and species
Figure 98.1–98.4

Diagnosis.—Small vesicle with numerous hollow, cylindri-
cal to slightly tapering, evenly distributed, basally separate,

and occasionally branching processes. Process interior
separated from vesicle interior and divided into smaller
camerate divisions by several cross-walls. Process termina-
tion blunt.

Description.—Vesicle diameter 69 mm. Processes 17–25 mm
in length (average 20 mm, n515) or 25–36 percent of vesicle
diameter (average 29%), 3.9–8.4 mm in basal width (average
6.0 mm, n518), and 1.9–3.9 mm in apical width (average 2.8 mm,
n512). Typically less than five cross-walls, spaced at 2–4 mm,
are present in each process. Processes occasionally bifurcate,
typically once and dichotomously in the apical half, with the
sum width of daughter branches less than process basal width.

Etymology.—Species name derived from Latin ramosus and
spina, with reference to the branching processes of this species.

Holotype.—IGCAGS–NPIII–538, Figure 98.1–98.4.
Material.—One specimen, upper Member III, Niuping section.
Remarks.—Yushengia ramispina is similar to Weissiella

species in the presence of cross-walls in process interior. However,
Yushengia has more slender, more cylindrical, and proportionally
longer processes that terminate bluntly, occasionally branch, and
have fewer and more widely spaced cross-walls.

Genus and species undetermined
Figure 99.1–99.4

Description.—Large vesicle, 360 mm in diameter, bearing one
large biform processes and numerous tubercular ornaments.
The large biform process has a basal expansion (50 mm in basal
width and 40 mm in height or length) and an apical spine (8 mm
in width and 28 mm in length). Small tubercles are variable in
size, 20–45 mm in basal width and 13–16 mm in height or length.

Remarks.—The tubercular ornaments of this specimen is
similar to those of Megasphaera ornata (Xiao and Knoll, 2000)
and Bacatisphaera baokangensis (Zhou et al., 2001) but it
differs in having a large biform process. Because there is only
one specimen in our collection, it is placed in an open
nomenclature.

Material.—One specimen, upper Member III, Niuping
section.

SPHAEROMORPHS

Genus GRANITUNICA new genus

Type species.—G. mcfaddeniae n. sp.
Diagnosis.—As for type species.
Etymology.—Genus name derived from Latin granum and

tunica, with reference to the granular texture of the vesicle
wall.

GRANITUNICA MCFADDENIAE new species
Figure 100.1–100.7

Unnamed sp. C, MCFADDEN, XIAO, ZHOU, AND KOWA-

LEWSKI, 2009, p. 183, fig. 5B.
Spherical microfossil with thick out wall, LIU, YIN C., CHEN,

TANG, GAO, 2013, fig. 13F.

Diagnosis.—Medium-sized to large sphaeromorph with a
thick vesicle wall characterized by a granular texture.

Description.—Vesicles 125–250 mm in maximum diameter
(250 mm for holotype; average 192 mm, n516). Vesicle wall
6.5–17 mm in thickness (12.5 mm for holotype; average 11 mm,
n516), consisting of microgranulae of uniform size around 1–
2 mm. At high magnification, microgranulae are stellate in
morphology, with radiating structures (Fig. 100.5).

Etymology.—Species name in recognition of Dr. Kathleen
A. McFadden, who first illustrated this form of acritarchs
from the Doushantuo Formation in the Yangtze Gorges area.

Holotype.—IGCAGS–XFH–214, Figure 100.4, 100.5.
Material.—More than 100 specimens, lower Member III

(Xiaofenghe and Wangfenggang) and Member III (Niuping).
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Remarks.—The granular texture of its thick vesicle wall
differentiates this new species from all previously described
Proterozoic sphaeromorphic acritarchs.

Genus LEIOSPHAERIDIA Eisenack, 1958 emend.
Downie and Sarjeant, 1963 emend. Turner, 1984

Type species.—L. baltica Eisenack, 1958.
Other species.—L. crassa (Naumova, 1949) Jankauskas in

Jankauskas, Mikhailova, and Hermann, 1989; L. jacutica
(Timofeev, 1966) Mikhailova and Jankauskas in Jankauskas,
Mikhailova, and Hermann, 1989; L. minutissima (Naumova,
1949) Jankauskas in Jankauskas, Mikhailova, and Hermann,
1989; L. tenuissima Eisenack 1958; L. wimanii (Brotzen, 1941)
Butterfield in Butterfield, Knoll, and Swett, 1994.

Remarks.—Many species of Leiosphaeridia have been
published in the literature (Jankauskas et al., 1989). We
follow Butterfield et al. (1994) in recognizing only six species
that are differentiated by their vesicle size and wall thickness.

LEIOSPHAERIDIA TENUISSIMA Eisenack, 1958
Figures 101.1–101.6, 102

Leiosphaeridia tenuissima EISENACK, 1958, p. 391, pl. 1,
figs. 2, 3, pl. 9, figs. 5–10; BUTTERFIELD, KNOLL, AND

SWETT, 1994, p. 42, fig. 16I; ZHANG, YIN L., XIAO, AND

KNOLL, 1998, p. 21, fig. 9.7–9.9; GREY, 2005, p. 184,
figs. 63H, 65.

Spherical microfossils with smooth wall, LIU, YIN C., CHEN,
TANG, GAO, 2013, 13I.

Description.—Simple spheroidal microfossils with thin and
smooth vesicles that are 50–150 mm in diameter. Individuals
are often aggregated in clusters.

Material.—Several thousand specimens, lower Member III
(Xiaofenghe and Wangfenggang) and Member III (Niuping).

Remarks.—These small and medium-sized leiospheres are
very abundant in Member III of Doushantuo Formation. The
distribution of their diameters is bimodal, with the two modes
at 50–80 mm and 100–130 mm (Fig. 102). It is possible that they
represent two species, but since specimens of different sizes can
be preserved in the same cluster, they are tentatively placed in
a single taxon.

LEIOSPHERES WITH CELLULAR INCLUSIONS

Figures 103.1–103.19, 104

Description.—Simple leiospheres similar to Leiosphaeridia
tenuissima, 50–150 mm in diameter and containing one or more
cellular inclusions. Cellular inclusions 5–100 mm in diameter,
polyhedral to subspheroidal in shape, tightly adpressed
against each other (Fig. 103.2, 103.4, 103.5, 103.11, 103.12)
or disaggregated from each other (Fig. 103.6, 103.7, 103.17,
103.18), and in some specimens they seem to form a peripheral
cell layer similar to a coeloblastula (Fig. 103.16, 103.19). Some
specimens seem to have an irregularly shaped inner membrane
within a rigid spherical outer wall (Fig. 103.9); it is possible
that the inner membrane represents shrunken cell membrane
formed during plasmolysis. One specimen (arrows in
Fig. 103.8) has some papillae or filaments on the inner
membrane; these are similar to although smaller than
phosphatized filaments on degraded cells from the Doush-
antuo Formation at Weng’an, and may represent mineraliza-
tion on filamentous structures such as mucous strands, fungal
hyphae, or bacteria (Xiao and Knoll, 1999). Another specimen
shows an inwardly pointing structure (arrow in Fig. 103.10);
the three-dimensional nature of this structure (a filament vs. a
wall) cannot be resolved in the thin section, but if it is a wall, it
may represent polarized invagination during cytokinesis (e.g.,
phycoplast or cell plate in some green algae).

Material.—More than 100 specimens, lower Member III
(Wangfenggang and Xiaofenghe) and Member III (Niuping).

Remarks.—Similar to Leiosphaeridia tenuissima, size distri-
bution of this group of fossils is bimodal, with modal
diameters at 50–80 mm and 100–130 mm (Fig. 104), probably
representing multiple species. Although some of the illustrated
specimens may be conspecific with L. tenuissima, they are
placed in an informal group to emphasize the cellular
inclusions.

The variable morphology and arrangement of the cellular
inclusions, from spherical to polyhedral and from tight
packing to loose aggregation, is partly due to taphonomic
shrinkage, rounding, and disaggregation during degradation
(Golubic and Barghoorn, 1977; Raff et al., 2006). However,
the variable numbers of cell inclusions within a vesicle is a
biological feature related to cell division, growth, and
development.

Our specimens are similar to Clonophycus Oehler, 1977,
which is also characterized by vesicles (8–30 mm in diameter)
containing cellular inclusions (3–25 mm in diameter) (Oehler,
1977; Oehler, 1978). In particularly, Clonophycus specimens
from the early Cambrian Taozichong Formation in Guizhou
Province of South China are closer to our specimens in vesicle
and cell sizes (Luo et al., 1982). In addition, basal Cambrian
microfossils from the Taozichong Formation described as
?Eosphaera longicellulare Wang and Luo in Luo et al., 1982,
Eosphaera sp., and Symphysosphaera radialis Yin C., 1992, are
also characterized by a spherical vesicle (60–130 mm in
diameter) containing peripherally arranged cells (Luo et al.,
1982, 1984; Yin C., 1992). Some specimens in our collection
(e.g., Fig. 103.16, 103.19) have peripherally arranged cells and
could be identified as Symphysosphaera. Finally, the animal
embryo-like fossils Parapandorina raphospissa and Megaclo-
nophycus onustus from the Doushantuo Formation at Wen-
g’an also contain cellular inclusions (Xiao and Knoll, 2000),
although they are much larger (400–1100 mm in vesicle
diameter) than the specimens described here. It is likely that
the specimens illustrated in Figure 103 represent different
developmental stages of multiple taxa, but they are placed in
an unnamed group of leiospheres to emphasize that some
Leiosphaeridia-like vesicles may be derived from multicellular
organisms.

CONCATENATED LEIOSPHERES

Figure 105.1–105.3

Description.—Simple leiospheres with a thick or thin
envelope and a diameter of 35–75 mm. Vesicles concatenated
to form a chain. Adjacent vesicles are joined and communicate
with each other, with little or no intervening space, through a
connection channel (which may be missed in eccentric cuts).
Vesicle walls 8.5 mm thick (in thick-walled specimens;
Fig. 105.1, 105.2) or ,1 mm thick (in thin-walled specimens;
Fig. 105.3). Connection channel 12–20 mm in diameter.

Material.—About 20 specimens, lower Member III, Xiao-
fenghe section.

Remarks.—The concatenated vesicles distinguish this
group of microfossils from other leiosphere taxa. Horodyskia
minor Dong et al., 2008, from the Ediacaran Liuchapo
Formation in Guizhou Province of South China is charac-
terized by chained beads with connection filaments (Dong et
al., 2008). Horodyskia minor is preserved as internal molds
and thus the nature of its organic walls is uncertain.
Regardless, compared to the concatenated leiospheres de-
scribed here, the chained beads of H. minor are much larger
(100–700 mm in diameter) and are more widely spaced (20–
1000 mm).
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Genus OSCULOSPHAERA Butterfield in Butterfield, Knoll, and
Swett, 1994 emend.

Type species.—O. hyalina Butterfield in Butterfield, Knoll,
and Swett, 1994.

Other species.—O. arcelliformis n. sp.; O. membranifera n. sp.
Diagnosis.—Emended: spheroidal to hemispherical vesicles

with one or a few circular apertures defined by outwardly or
inwardly projected collars. Vesicle can be surrounded by an
outer membrane. Aperture diameter 10–50 percent of vesicle
diameter.

Remarks.—The diagnosis is emended here to accommodate
Osculosphaera arcelliformis n. sp. and O. membranifera n. sp. The
former species can have two apertures with invaginated collars,
whereas the latter has a flexible outer membrane surrounding the
vesicle. Additionally, the original diagnosis specifies that the
aperture diameter is 25–50 percent of vesicle diameter. This
restriction is loosened to accommodate the Doushantuo
specimens whose apertures are proportionally smaller.

OSCULOSPHAERA ARCELLIFORMIS new species
Figure 106.1–106.5

Osculosphaera hyalina BUTTERFIELD in BUTTERFIELD,
KNOLL, AND SWETT, 1994, p. 43, fig. 15I (part).

Diagnosis.—Spheroidal to hemispherical vesicles with one
or two invaginated apertures defined by an inwardly directed
oral collar.

Description.—Vesicle 75–165 mm in maximum diameter
(165 mm for holotype; average 104 mm, n59), aperture 2.5–
14 mm in diameter (14 mm for holotype; average 5.5 mm, n57),
and invaginated collar ,10 mm in depth.

Etymology.—The species name refers to the resemblance to
the modern testate amoeba Arcella and the Neoproterozoic
vase-shaped microfossil Palaeoarcella in the presence of an
invaginated aperture (Porter et al., 2003).

Holotype.—IGCAGS–NPIII–228, Figure 106.3.
Material.—Nine specimens, lower Member III (Wangfeng-

gang and Xiaofenghe) and upper Member III (Niuping).
Remarks.—The specimens illustrated in Figure 106.3, 106.5

have two apertures in a cross-section view. It is possible that
two hemispherical vesicles, each with a wide aperture, are
accidentally preserved together with their apertures facing
each other. However, given that all other specimens have
much narrower apertures, accidental preservation of two
hemispherical vesicles with wide apertures seems unlikely to
have occurred in multiple instances. Instead, these two
specimens likely have multiple invaginated apertures. Some
specimens have only one aperture seen in thin section, but
they may have had multiple apertures and only one was
captured in thin section. Some specimens show a thicker and
more deformed vesicle wall with reticulate texture
(Fig. 106.4). The variation in vesicle wall thickness is at least
in part due to oblique sectioning, and the reticulate texture is
likely due to degradation and taphonomic alteration, for
example impression of pyrite crystals (Grey and Willman,
2009).

Osculosphaera arcelliformis n. sp. is different from O.
hyalina in having one or two invaginated apertures and
apparently more flexible vesicle walls; the latter difference
may be taphonomic. One of the Svanbergfjellet specimens
illustrated as O. hyalina (Butterfield et al., 1994, fig. 15I) has
one aperture with an invaginated and curled oral collar, and
it is here transferred to O. arcelliformis n. sp. The new
species is similar to the modern testate amoeba Arcella
hemisphaerica and the early Neoproterozoic vase-shaped
microfossil Palaeoarcella athanata Porter, Meisterfeld, and
Knoll, 2003, in having invaginated apertures. However, the

latter two taxa both have hemispherical vesicles (Porter et al.,
2003).

OSCULOSPHAERA HYALINA Butterfield in Butterfield, Knoll,
and Swett, 1994 emend.

Figure 106.6

Osculosphaera hyalina BUTTERFIELD in BUTTERFIELD,
KNOLL, AND SWETT, 1994, p. 43, fig. 15F–15H, 15J (part).

non Osculosphaera hyalina BUTTERFIELD in BUTTERFIELD,
KNOLL, AND SWETT, 1994, p. 43, fig. 15I (part).

Diagnosis.—Emended: small to medium-sized spheroidal
vesicles with a single aperture defined by an outwardly
projected or evaginated oral collar.

Description.—Vesicle 75 mm in diameter. Aperture 11.5 mm
in diameter (15.3% of vesicle diameter) and 8 mm in height.

Material.—One specimen, lower Member III Wangfeng-
gang section.

Remarks.—The initial description of Osculosphaera hyalina
included specimens with inwardly and outwardly directed oral
collar (Butterfield et al., 1994). The orientation of the oral
collar is here regarded as a species-level feature, thus the
diagnosis is emended to restrict this species to specimens with
an outwardly directed oral collar, and O. arcelliformis n. sp.
is established to accommodate specimens with invaginated
apertures (e.g., fig. 15I of Butterfield et al., 1994). In
addition, the emendation removes the reference to ‘‘hyaline
walls’’ in the original diagnosis; our observation shows that
the vesicle is organic-walled rather than biomineralized,
although there seems to be some rigidity to the vesicle walls.
The Doushantuo specimen is similar to the holotype of O
hyalina in having an evaginated collar although its collar is
proportionally smaller.

The evaginated aperture of Osculosphaera hyalina is
similar to that of protolagenid microfossils from the
Ediacaran Dengying Formation of southern Shaanxi Prov-
ince of South China (Zhang, 1994; Cai et al., 2010; Hua et
al., 2010). However, protolagenids are much larger (560–
2400 mm) and they probably had biomineralized tests (Hua
et al., 2010). Additionally, the Cambrian chancelloriid-like
fossil Cambrothyra ampulliformis Qian and Zhang, 1983,
when preserved as disarticulated sclerites, can be superfi-
cially similar to O. hyalina in having a restricted aperture
with a raised rim often on a slightly depressed platform
(Qian and Zhang, 1983; Qian et al., 2000; Moore et al.,
2010). However, C. ampulliformis is clearly a multi-element
skeletal organism and its sclerites (150–800 mm in maximum
dimension) are much larger than the organic-wall vesicle of
O. hyalina.

OSCULOSPHAERA MEMBRANIFERA new species
Figure 107.1–107.6

Diagnosis.—Medium-sized to large spheroidal vesicle with
one prominent evaginated aperture with an outwardly directed
collar. The vesicle is surrounded by a thin membrane.

Description.—Vesicles 160–245 mm in maximum diameter
(175 mm for holotype; average 199 mm, n515), aperture 38–
58 mm in width (38 mm for holotype) or 15–25 percent of
vesicle diameter (25% for holotype), and collar 15–22 mm in
height.

Etymology.—Species name derived from Latin membrana,
with reference to presence of an outer membrane surrounding
the vesicle wall.

Holotype.—IGCAGS–WFG–356, Figure 107.1.
Material.—More than 100 specimens, lower Member III

(Wangfenggang) and upper Member III (Niuping).
Remarks.—The new species can be differentiated from

Osculosphaera hyalina by its larger vesicle surrounded by a
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thin and often folded membrane. When the membrane is
not preserved, the taxonomic distinction between these two
taxa is dependent on vesicle size and can be a matter of
subjectivity.

OSCULOSPHAERA? spp.
Figure 106.7–106.10

Description.—Spheroidal to subspheroidal vesicle with one
or two prominent projections Vesicle wall thin and smooth.
Projections hollow, cylindrical or distinctly tapering toward to
an apparently closed termination, and communicate freely
with vesicle cavity.

Description.—Vesicles 62–150 mm in maximum diameter
(average 99 mm, n54). Projections 9–62 mm in length and 3.5–
55 mm in basal width.

Material.—Four specimens, lower Member III (Wangfeng-
gang) and upper Member III (Niuping).

Remarks.—The terminally closed projections are different
from the terminally open apertures in Osculosphaera. Certain-
ly, in thin sections, a distally tapering and terminally closed
projection could simply be an oblique cut of an aperture.
However, in one of our specimens (Fig. 106.9), the projection
seems to be truly closed at the distal termination, because it
does not show distal tapering and thus cannot be an oblique
cut of a cylinder with an aperture. Because of the uncertain
nature of the projection or aperture, we questionably place our
specimens in Osculosphaera and under an open nomenclature.

There may be multiple species in our collection. As discussed
above, some may have apertures and others may have terminally
closed projections. The specimen illustrated in Figure 106.7
seems to have an outer membrane similar to that of O.
membranifera, and it has two projections. Another specimen,
illustrated in Figure 106.10, seems to have internal cross-walls
within the projection, reminiscent of processes in Weissiella
grandistella. Thus, the specimens may be heterogeneous and are
placed in the open nomenclature Osculosphaera? spp.

The fossils shown here, particularly Figure 106.9, are
similar to protrusion-bearing spheroidal fossils from the
Doushantuo Formation at Weng’an (Liu et al., 2009a; Yin
Z. et al., 2013), but the Weng’an fossils are much larger (500–
1000 mm in maximum diameter). It should be noted that some
of the protrusion-bearing spheroidal fossils from Weng’an
bear a sculptured envelope and have been interpreted as
mesomycetozoean-like protists (Huldtgren et al., 2011; but see
Schiffbauer et al., 2012 and Xiao et al., 2012a). Others,
however, lack a sculptured envelope but have pseudoparen-
chymatous thallus, and have been interpreted as multicellular
algae (Xiao et al., 2004).

Genus SCHIZOFUSA Yan, 1982

Type species.—S. sinica Yan, 1982.
Other species.—S. aperta Yan, 1982; S. risoria Grey, 2005;

S. zangwenlongii Grey, 2005.
Remarks.—Schizofusa is very similar to Leiosphaeridia,

except that its vesicle has developed a medial slit that splits
the vesicle into two more or less equal halves. The slit may be
an excystment structure of biological significance, and we
follow Grey (2005) to treat Schizofusa as a genus distinctive
from Leiosphaeridia.

SCHIZOFUSA ZANGWENLONGII Grey, 2005
Figure 108.1–108.6

Schizofusa sp. ZANG in ZANG AND WALTER, 1992, p. 96,
fig. 71A–71H.

non Schizofusa sp. ZANG in ZANG AND WALTER, 1992, p. 96,
fig. 71I.

Schizofusa zangwenlongii GREY, 2005, p. 191, figs. 71–73;
SERGEEV, KNOLL, AND VOROB’EVA, 2011, p. 1007, fig. 9.8;
LIU, YIN C., CHEN, TANG, AND GAO, 2013, fig. 11M.

Description.—Vesicle fusiform, original ellipsoidal or sphe-
roidal, 100–225 mm long (average 149 mm, n520), and 95–
175 mm wide (average 125 mm, n520). A slit-like aperture
occurs along the longitudinal axis and is bordered by
indistinct, narrow, nearly straight lips. Slits often gape at
one end of the vesicle and closed at the other end.

Material.—More than 100 specimens, lower Member III,
Xiaofenghe and Wangfenggang sections.

Remarks.—The longitudinal slit is regarded as a biological
feature and thus of taxonomic value. The Doushantuo
specimens illustrated here are similar to those described by
Grey (2005).

CYANOBACTERIA

Genus CYANONEMA Schopf, 1968 emend. Butterfield, Knoll,
and Swett, 1994

Type species.—C. attenuatum Schopf, 1968.
Other species.—C. majus Dong, Xiao, Shen, Zhou, Li, and

Yao, 2009.
Remarks.—Cyanonema is characterized by unbranched,

unsheathed, uniseriate cellular trichomes with cell length/
diameter ratios greater than one. Oscillatoriopsis is similar to
Cyanonema but has a length/diameter ratio less than one. At
least four other species of Cyanonema have been published in
the literature. Of these, C. inflatum Oehler, 1977, C. ligament
Zhang, 1981, and C. minor Oehler, 1977, are regarded as
synonyms of C. attenuatum, whereas C. disjuncta Ogurtsova
and Sergeev, 1987 has been transferred to Oscillatoriopsis
because its cell length/diameter ratios are less than one
(Butterfield et al., 1994).

CYANONEMA ATTENUATUM Schopf, 1968
Figure 109.1, 109.2

Cyanonema attenuata SCHOPF, 1968, p. 670, pl. 79, figs. 1, 2.
Cyanonema attenuatum SCHOPF, 1968; SCHOPF AND BLACIC,

1971, p. 941, pl. 108, figs. 4–6.
Cyanonema inflatum OEHLER, 1977, p. 345, fig. 13C–13G.
Cyanonema minor OEHLER, 1977, p. 345, fig. 13H–13J.
Cyanonema ligament ZHANG, 1981, p. 493, pl. 1, fig. 1.6, 1.7.

Description.—Unbranched uniseriate multicellular tri-
chomes. Trichomes are often flexuous. Cells in the same
trichome are relatively uniform in size, about 4 mm in diameter
and 5.4 mm in length. Cell length/diameter ratio is 1.35.
Occasional invaginations (arrows in Fig. 109.2) may represent
incipient cell division. No sheath is present.

Material.—Several trichomes, lower Member III, Wang-
fenggang section.

Remarks.—The species was originally described as Cyano-
nema attenuata (Schopf, 1968) but was latter corrected as
Cyanonema attenuatum because the Greek word nema is a
neuter noun (Schopf and Blacic, 1971).

Our specimens are attributed to the genus Cyanonema
because their cell length/diameter ratio is greater than one.
Six Cyanonema species have been published previously.
Among these six species, C. attenuatum from Bitter Spring
Formation (Schopf, 1968), C. inflatum and C. minor from the
Mesoproterozoic McArthur Group in northern Australia
(Oehler, 1977), and C. ligament from Mesoproterozoic
Gaoyuzhuang Formation in northern China (Zhang, 1981)
form a continuum in cell size, with overlapping ranges (Dong
et al., 2009). Butterfield et al. (1994) suggest that these four
species may be synonymous and C. attenuatum takes
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priority, a suggestion that is followed here. Our specimens
are most similar in cell size to C. attenuatum but their cells
are smaller than those of Cyanonema sp. from the
Neoproterozoic Svanbergfjellet Formation of Spitsbergen
(Butterfield et al., 1994) and C. majus from Cambrian Yurtus
Formation in the Aksu area of northwestern China (Dong
et al., 2009).

Genus MYXOCOCCOIDES Schopf, 1968

Type species.—M. minor Schopf, 1968.
Other species.—M. bansensis Nautiyal, 1980; M. cantabri-

giensis Knoll, 1982; M. congoensis Maithy, 1975; M. cracens
Oehler, 1978; M. chlorelloidea Knoll, Swett, and Mark, 1991;
Myxococcoides compacta Mandal and Maithy in Mandal,
Maithy, Barman, and Verma, 1984 (modern contamination
according to Schopf and Klein, 1992); M. dilutus (Ogurtsova
and Sergeev, 1987) Sergeev and Schopf, 2010; M. distola
Knoll, Swett, and Mark, 1991; M. elongata Venkatachala,
Bhandari, Chaube, and Rawat, 1974; M. globosa Maithy
and Shukla, 1977; M. grandis Horodyskia and Donaldson,
1980; M. granularis Zhu, 1982; M. guyangensis Yin L.,
1981; M. indicus Venkatachala, Bhandari, Chaube and
Rawat, 1974; M. inornata Schopf, 1968; M. kingii Muir,
1976; M. konzalovae Muir, 1976; M. limpida Xu and Awramik,
2001; M. minuta Muir, 1976; M. magna Maithy and Shukla,
1977; M. multiplicis Zang in Zang and Walter, 1992; M.
muricata Schopf and Barghoorn, 1969; M. numerosa Zang in
Zang and Walter, 1992; M. ovata Knoll, 1982; M. psilata
Maithy and Mandal 1983; M. ramapuraensis Maithy and
Shukla, 1977; M. reniformis Muir, 1976; M. reticulata Schopf,
1968; M. staphylidion Lo, 1980; M. stragulescens Green, Knoll,
and Swett, 1989; M. verrucosa Maithy, 1975.

Remarks.—Myxococcoides is a morphotaxon with simple
morphologies, characterized by small, solitary or aggregated,
spherical cells and the absence of multilamellate sheath (Schopf,
1968). The differentiation between solitary Myxococcoides and
Leiosphaeridia is arbitrarily based on size: Myxococcoides cells
are typically smaller than Leiosphaeridia vesicles. Numerous
Myxococcoides species have been published, and some of them
are probably synonymous.

MYXOCOCCOIDES sp.
Figure 110.7–110.10

Myxococcoides spp. ZHANG, YIN L., XIAO, AND KNOLL,
1998, p. 18, fig. 4.3, 4.4.

Description.—Simple spheroidal vesicles, 37.5–40 mm in
diameter, often preserved in aggregates. Vesicle wall ,1.5 mm
in thickness.

Material.—A large number of specimens, lower Member III
(Wangfenggang and Xiaofenghe) and Member III (Niuping).

Remarks.—Myxococcoides has very few morphological
features, other than vesicle diameter and vesicle wall
thickness, for taxonomic differentiation. The coccoids in
our material are most similar to, but larger than, those of
Myxococcoides cantabrigiensis from the late Precambrian
Draken Conglomerate, NY Friesland, Svalbard (Knoll,
1982; Knoll et al., 1991). They are also similar to spheroidal
internal bodies of Megaclonophycus onustus (Xiao and
Knoll, 2000) but the latter are enclosed within an outer
envelope.

Genus OSCILLATORIOPSIS Schopf, 1968 emend.
Butterfield, Knoll, and Swett, 1994

Type species.—O. obtusa Schopf, 1968 emend. Butterfield,
Knoll, and Swett, 1994.

Other species.—O. amadeus (Schopf and Blacic, 1971)
Butterfield in Butterfield, Knoll, and Swett, 1994; O. awramikii

Wang, Zhang, and Guo, 1983; O. cuboides Knoll, Strother,
and Rossi, 1988; O. longa Timofeev and Hermann, 1979; O.
vermiformis (Schopf, 1968) Butterfield in Butterfield, Knoll,
and Swett, 1994.

Remarks.—We follow Butterfield et al. (1994) to recognize
only six species of Oscillatoriopsis.

OSCILLATORIOPSIS AMADEUS (Schopf and Blacic, 1971)
Butterfield in Butterfield, Knoll, and Swett, 1994

Figure 109.9, 109.10

Synonyms.—See Butterfield, Knoll, and Swett (1994).
Description.—Cells 4–6 mm in length and 10–13 mm in

diameter.
Material.—Two specimens, lower Member III, Wangfeng-

gang and Xiaofenghe sections.

OSCILLATORIOPSIS LONGA Timofeev and Hermann, 1979
emend. Butterfield, Knoll, and Swett, 1994

Figure 109.8

Oscillatoriopsis longa TIMOFEEV AND HERMANN, 1979; DONG,
XIAO, SHEN, ZHOU, LI, AND YAO, 2009, p. 39, fig. 6.10,
6.11, and synonyms therein.

Description.—Cells 6.5–8.5 mm in length and 17.5 mm in
diameter.

Material.—One specimen, lower Member III, Xiaofenghe
section.

OSCILLATORIOPSIS OBTUSA Schopf, 1968 emend.
Butterfield, Knoll, and Swett, 1994

Figure 109.3–109.7

Synonyms.—See Butterfield, Knoll, and Swett (1994) and
Zhang, Yin L., Xiao, and Knoll (1998).

Description.—Cells in the same trichome are relatively
uniform in size, 5–7.5 mm in diameter (average 6.6 mm,
n530) and 2.5–6.3 mm in length (average 4.3 mm, n530). Cell
length/diameter ratio is 0.5–0.84. Incipient cell division can be
seen in some specimens. Trichomes are sometimes aggregated
in bundles (Fig. 109.3–109.4).

Material.—More than 100 specimens, lower Member III
(Wangfenggang and Xiaofenghe) and Member III (Niuping).

OSCILLATORIOPSIS? sp.
Figure 109.11

Description.—Unbranched, unsheathed, uniseriate cellular
trichome. Trichome is strongly bent and twisted. Cells are
relatively uniform in size, 1.4 mm in length and 12.5 mm in
diameter. Cell length/diameter ratio is 0.1. Transverse cell
walls are corrugated.

Material.—One specimen, lower Member III, Wangfeng-
gang section.

Remarks.—This specimen has cells whose diameter fits in
the perimeter of O. amadeus as defined by Butterfield et al.
(1994). However, its corrugated transverse cell walls and its
extremely low cell length/diameter ratio make it distinct from
O. amadeus and perhaps Oscillatoriopsis; thus it is provision-
ally placed in the genus Oscillatoriopsis as an open nomencla-
ture. Its corrugated cell walls are somewhat similar to the cross
walls of Megathrix longus from Cambrian rocks in China (Yin
L., 1987; Yin C. et al., 2003; Yao et al., 2005; Dong et al.,
2009). However, the latter species has perforated cross walls
and a much greater diameter.

Genus SALOME Knoll, 1982

Type species.—S. svalbardense Knoll, 1982.
Other species.—S. hubeiensis Zhang Z., 1986.
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SALOME HUBEIENSIS Zhang Z., 1986
Figure 109.12, 109.13

Synonyms.—See Zhang, Yin, Xiao, and Knoll (1998), but
excluding microburrow of Awramik, McMenamin, Yin C.,
Zhao, Ding, and Zhang (1985, p. 657, fig. 3e).

Description.—Sheath 30–200 mm in maximum diameter.
Transverse markings cutting across sheath are irregularly
spaced at 20–80 mm. Trichome not preserved.

Material.—A large number of specimens, Member III, all
studied sections in the Yangtze Gorges area.

Remarks.—Salome hubeiensis is characterized by multi-
lamellate sheaths with a very large and variable diameter. The
current population shares these characters, although their diameter
(up to 200 mm) exceeds that of previously described fossils (Zhang
et al., 1998). The specimen described as a microburrow by
Awramik et al. (1985) was identified as S. hubeiensis by Zhang et al.
(1998). However, the specimen in question has bent cross-walls but
no multilamellate sheaths, and thus should be excluded from S.
hubeiensis. In our opinion, this ‘‘microburrow’’ is likely an oblique
section of Doushantuo tubular fossils such as Ramitubus increscens
(Xiao et al., 2000; Liu et al., 2008).

Genus SIPHONOPHYCUS Schopf, 1968 emend.
Knoll et al., 1991

Type species.—S. kestron Schopf, 1968.
Other species.—S. punctatum Maithy, 1975 emend. Buick

and Knoll, 1999; S. septatum (Schopf, 1968) Knoll, Swett, and
Mark, 1991; S. robustum (Schopf, 1968) Knoll, Swett, and
Mark, 1991; S. solidum (Golub, 1979) Butterfield in Butter-
field, Knoll, and Swett, 1994; S. thulenema Butterfield in
Butterfield, Knoll, and Swett, 1994; S. typicum (Hermann,
1974) Butterfield in Butterfield, Knoll, and Swett, 1994.

Remarks.—We follow Butterfield et al. (1994) and Buick and
Knoll (1999) in recognizing only seven Siphonophycus species.

SIPHONOPHYCUS spp.
Figure 110.1–110.6

Remarks.—Siphonophycus is interpreted as cylindrical
sheaths of filamentous cyanobacteria and morphospecies are
differentiated on the basis of diameter (Knoll et al., 1991;
Butterfield et al., 1994; Buick and Knoll, 1999). Our material
includes four species of Siphonophycus: S. robustum with a
diameter of 2–4 mm (Fig. 110.1); S. typicum with a diameter of
4–8 mm (thinner filaments in Fig. 110.2); S. kestron with a
diameter of 8–16 mm (two prominently larger filaments in
Fig. 110.2, 110.3); and S. solidum with a diameter of 16–32 mm
(Fig. 110.4–110.6). These four species often occur in fragments
of microbial mats and sometimes different species were
preserved together (Fig. 110.2).

Genus SYMPHYSOSPHAERA Yin C., 1992 emend.

Type species.—S. radialis Yin C., 1992.
Other species.—S. basimembrana n. sp.
Diagnosis.—Emended: spherical structure superficially sim-

ilar to coeloblastulas, with a layer of small spheroidal cells
surrounding a cavity that sometimes contains disorganized
cells. The cell layer sometimes rests on a basal membrane or is
surrounded by an outer envelope.

Remarks.—Symphysosphaera was first described by Yin C.
(1992) based on thin-sectioned material from cherts/phosphorites
of the lower Cambrian (Terreneuvian) Taozichong Formation in
Guizhou Province; similar fossils from the same locality and
stratigraphic horizon had been reported before as Eosphaera sp.
and ?E. longicellulare (Luo et al., 1982, 1984). We concur with Yin
C. (1992) that Symphysosphaera is different from true Eosphaera
Barghoorn in Barghoorn and Tyler, 1965 from the Gunflint
Formation in its much larger size and more stable cell layer. The

original diagnosis of Symphysosphaera states that the central
cavity is filled with amorphous organic matter and various
numbers of cells, which are often irregularly arranged. It is
uncertain whether the cells within the central cavity represent a
taphonomic feature or a thin sectioning artifact. For example,
cells in the cell layer could be dislodged into the central cavity; it
has been experimentally shown that cell shrinkage, collapse,
disaggregation, and dislocation occur during early degradation
of blastula embryos (Raff et al., 2006). Also, tangential cut of a
coeloblastula-like organism would give a false impression that
some cells occur in the central cavity. Regardless, the central
cavity of S. radialis contains relatively few and loosely organized
cells, which are distinctive in cell organization than the outer cell
layer, and the central cavity of our specimens from the
Doushantuo Formation is mostly empty. Yin C. (1992) also
noted that some specimens appear to have an outer envelope that
surrounds the cell layer, and our specimens sometimes have a
basal membrane that supports the cell layer. Thus, the diagnosis
of Symphysosphaera is here emended to account for the
Doushantuo material.

SYMPHYSOSPHAERA BASIMEMBRANA new species
Figure 111.1–111.12

Diagnosis.—A species of Symphysosphaera with a basal
membrane that supports the cell layer. No outer envelope is
preserved. Central cavity empty.

Description.—Overall diameter 87–155 mm (115 mm for
holotype; average 115 mm, n520), diameter of central cavity
67.5–125 mm (85 mm for holotype; average 90 mm, n520), and
diameter of cells 12–24.5 mm (13–18 mm for holotype),
although some very small cell-like structures (diameter
,3 mm) are found in the cell layer (arrow in Fig. 111.2).
Central cavity empty or contains a few cells (Fig. 111.5).

Etymology.—From Latin basis and membrana, with refer-
ence to the basal membrane that supports the cell layer.

Holotype.—IGCAGS–XFH–287, Figure 111.1.
Material.—More than 100 specimens, lower Member III,

Xiaofenghe section.
Remarks.—The new species is different from Symphyso-

sphaera radialis in its lack of an outer envelope, a mostly
empty central cavity, and the presence of a basal membrane
that supports the cell layer. It is different from Eosphaera tyleri
Barghoorn in Barghoorn and Tyler (1965) in its larger size; for
comparison, E. tyleri is 14–15 mm in maximum diameter and
its ‘‘cells’’ are 2.5 mm in diameter.

ALGAL THALLI

Genus GREMIPHYCA Zhang, Yin L., Xiao, and Knoll, 1998

Type species.—G. corymbiata Zhang, Yin L., Xiao, and
Knoll, 1998.

GREMIPHYCA CORYMBIATA Zhang, Yin L., Xiao,
and Knoll, 1998

Figure 112.1, 112.2

Gremiphyca corymbiata ZHANG, YIN L., XIAO, AND KNOLL,
1998, p. 46, fig. 20.1–20.3; XIAO, KNOLL, YUAN, AND

PUESCHEL, 2004, figs. 10, 11.

Description.—Nodular thallus several hundred micrometers in
size. In thin section, thallus is divided into several lobate structures,
each consisting of undifferentiated pseudoparenchymatous tissue.
The interior of thallus is highly degraded and poorly preserved.
Cells cuboidal to polyhedral, 5–10 mm in diameter.

Material.—One specimen, lower Member III, Xiaofenghe
section.

Remarks.—The nodular thallus morphology of the current
specimen is similar to the holotype from the Doushantuo
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Formation at Weng’an, but the cells are more variable in size
and more irregular in arrangement.

Genus SARCINOPHYCUS Xiao and Knoll, 2000 (for 1999)

Type species.—S. radiatus Xiao and Knoll, 2000 (for 1999).
Other species.—S. papilloformis Xiao, 2004.

SARCINOPHYCUS sp.
Figure 113.1–113.6

Description.—Thallus circular or elliptical in thin section,
150–350 mm in diameter, consisting of cuboidal packets of
compound cruciate tetrads. Cells are cuboidal, with a relatively
uniform size of about 3 mm. More than ten thousand cells in
each thallus. Angular, crescentic, or irregular gaps exist in the
interior of thallus (Fig. 113.1, 113.3, 113.5), a feature also
present in Sarcinophycus papilloformis (Xiao, 2004, fig. 2.10).

Material.—Three specimens, upper Member III, Niuping
section.

Remarks.—Sarcinophycus contains two published species,
S. radiatus and S. papilloformis. The former species is
characterized by its nested sarcinoidal cell packets that are
organized in radiating rays, and the latter species by nested
sarcinoidal cell packets organized in parallel rows as well as
the presence of papillate protuberances in thallus periphery.
The specimens encountered in our thin sections do not show
such radiating organization or parallel alignment. The absence
of such organization could be a result of the orientation of the
thin sections, but it does make it difficult to assign our
specimens in either species. The cells in our specimens are also
smaller than those of S. radiatus and S. papilloformis. Thus,
these specimens are placed in an open nomenclature.

Genus THALLOPHYCA Zhang, 1989 emend.
Zhang, Yin L., Xiao, and Knoll, 1998

Type species.—T. ramosa Zhang, 1989 emend. Zhang, Yin
L., Xiao, and Knoll, 1998.

Other species.—T. corrugata Zhang and Yuan, 1992 emend.
Zhang, Yin L., Xiao, and Knoll, 1998.

THALLOPHYCA cf. CORRUGATA Zhang and Yuan,
1992 emend. Zhang, Yin L., Xiao, and Knoll, 1998

Figure 114.1–114.6

Description.—Thallus subspherical, elliptical, or irregular in
thin section, 900 mm in maximum dimension, and sometimes has
marginal invaginations. Cortical thallus not well preserved due
to decomposition or abrasion. Medullary cells often arranged in
rows to form pseudoparenchymatous thallus. Cells cuboidal to
rectangular, with a relatively uniform size of about 3 3 3 mm.

Material.—Four specimens, lower Member III, Wangfeng-
gang and Xiaofenghe sections.

Remarks.—Due to the poor preservation of the cortical cells,
the defining feature (cortical cells distinctively smaller than
medullary cells) of Thallophyca corrugata is not observed. Thus,
our specimens are placed in an open nomenclature T. cf. corrugata.

Genus WENGANIA Zhang, Yin L., Xiao, and Knoll, 1998

Type species.—W. globosa Zhang, 1989 emend. Zhang, Yin
L., Xiao, and Knoll, 1998.

Other species.—W. exquisita Zhang, Yin L., Xiao, and
Knoll, 1998; W. minuta Xiao, 2004.

WENGANIA EXQUISITA Zhang, Yin L., Xiao, and Knoll, 1998
Figures 112.3–112.5, 115.1–115.6

Wengania exquisita ZHANG, YIN L., XIAO, AND KNOLL, 1998,
p. 45, fig. 15.1–15.4; XIAO, KNOLL, YUAN, AND PUESCHEL,
2004, fig. 6.

Description.—Spheroidal thallus, 125–800 mm in maximum
diameter, consisting of polyhedral cells 2–5 mm in diameter.
Cells are tightly and irregularly arranged.

Material.—Five specimens, lower Member III, Xiaofenghe
section.

Remarks.—Specimens in our collection have thallus mor-
phology and cell organization similar to the holotype from
Doushantuo phosphorites at Weng’an, although some of them
lack a well preserved membrane surrounding the thallus,
probably due to poor preservation.

TUBULAR MICROFOSSILS

Genus QUADRATITUBUS Xue, Tang, and Yu, 1992 emend.
Liu, Xiao, Yin C., Zhou, Gao, and Tang, 2008

Type species.—Q. orbigoniatus Xue, Tang, and Yu, 1992
emend. Liu, Xiao, Yin L., Zhou, Gao, and Tang, 2008.

QUADRATITUBUS ORBIGONIATUS Xue, Tang, and Yu, 1992
emend. Liu, Xiao, Yin C., Zhou, Gao, and Tang, 2008

Figure 116.1–116.4

Quadratitubus orbigoniatus XUE, TANG, AND YU, 1992, p. 534,
pl. 2, fig. 10a, 10b; LIU, YIN C., TANG, GAO, AND WANG,
2007, pl. 1, figs. 8–11; LIU, XIAO, YIN C., ZHOU, GAO, AND

TANG, 2008, p. 349, pl. 5; pl. 7, figs. 1, 8–11; pl. 8, figs. 1–3;
text-figs. 6, 7; LIU, YIN C., CHEN, TANG, GAO, 2010, text-
fig. 4.4; pl. 4, figs. 1–11; pl. 5, figs. 9–12.

Sinoquadraticus poratus LI, ZHANG, GUO, DING, HAN, AND

SHU, 2003, p. 203, pl. 1, figs 5–7, 9–12.
? Sinoquadraticus poratus LI, ZHANG, GUO, DING, HAN, AND

SHU, 2003, p. 203, pl. 1, fig. 8.
Sinoquadraticus wenganensis LI, ZHANG, GUO, DING, HAN,

AND SHU, 2003, p. 203, pl. 2, figs. 1–8.
Sinoquadraticus sp. YIN C., TANG, LIU, GAO, WANG, AND

CHEN, 2009a, text-fig. 5b.
Tubular fossils, YIN C., LIU, GAO, WANG, TANG, AND LIU,

2007, pl. 7, fig. 5.

Description.—Tubes more or less equilateral to slightly
rectangular in cross section, with each side ,195 mm in width
(175–205 mm, n54). Outer wall very thin (,1 mm in thickness)
or not preserved. Cross-walls are regularly spaced. Spacing of
complete cross-walls is about 6.5 mm. Incomplete cross-walls,
,50 mm wide, are interspersed between complete ones.

Material.—Four specimens, lower Member III, Wangfeng-
gang section.

Remarks.—Quadratitubus orbigoniatus and Sinocyclocycli-
cus guizhouensis are both tubular microfossils characterized by
interspersed complete and incomplete cross-walls, although
the former is a tetragonal tube whereas the latter a cylindrical
tube (Liu et al., 2008). Thus, it can be difficult to distinguish
these two taxa in longitudinal sections. One of our specimens
in longitudinal section (Fig. 116.4, arrow) seems to show the
edge of a rectangular tube and is tentatively identified as Q.
orbigoniatus. The current specimens are identical to Q.
orbigoniatus specimens from the Doushantuo Formation at
Weng’an (Xue et al., 1992; Liu et al., 2008). See Liu et al.
(2008) for discussion on synonyms.

Genus SINOCYCLOCYCLICUS Xue, Tang, and Yu, 1992 emend.
Liu, Xiao, Yin C., Zhou, Gao, and Tang, 2008

Type species.—S. guizhouensis Xue, Tang, and Yu, 1992
emend. Liu, Xiao, Yin C., Zhou, Gao, and Tang, 2008.

SINOCYCLOCYCLICUS GUIZHOUENSIS Xue, Tang, and Yu, 1992
emend. Liu, Xiao, Yin C., Zhou, Gao, and Tang, 2008.

Figures 116.5–116.8, 117.1–117.6
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Sinocyclocyclicus guizhouensis XUE, TANG, AND YU, 1992,
p. 533, pl. 2, figs. 4–6; XIAO, YUAN, AND KNOLL, 2000,
fig. 2F, 2G; LI, ZHANG, GUO, DING, HAN, AND SHU, 2003,
p. 202, pl. 1, fig. 3; LIU, YIN C., TANG, GAO, AND WANG,
2007, pl. 1, figs. 3–7; LIU, XIAO, YIN C., ZHOU, GAO, AND

TANG, 2008, p. 346, pls. 3, 4, pl. 7, figs. 2–4, 12–14, pl. 8,
figs. 4, 5, text-fig. 5; LIU, XIAO, YIN C., TANG, AND GAO,
2009, p. 630, fig. 2.1–2.3; LIU, YIN C., CHEN, TANG, AND

GAO, 2010, text-fig. 4.1, 4.2, pl. 3, figs. 6–15, pl. 5, figs. 1–8;
YIN C., TANG, LIU, GAO, WANG, AND CHEN, 2009, text-
fig. 5a.

Sinocyclocyclicus centriporatus XUE, TANG, AND YU, 1992,
p. 533, pl. 2, figs. 4–6; LI, ZHANG, GUO, DING, HAN, AND

SHU, 2003, p. 202, pl. 1, figs. 1, 2, 4.
Actinotheca brevituba LI, XUE, AND ZHOU, 1997, p. 31, pl. 1,

figs. 1–7.
Coleolella noduliformis LI, XUE, AND ZHOU, 1997, p. 32, pl. 2,

figs. 1, 2, 5, 6.
Genus and species indeterminate, LI, XUE, AND ZHOU, 1997,

p. 33, pl. 2, figs. 3, 4.
non Sinocyclocyclicus guizhouensis YIN C., TANG, LIU, GAO,

WANG, AND CHEN, 2009, fig. 5c–5e.

Description.—Straight or slightly curved tube with poorly
preserved outer wall and transverse cross-walls. Tubes 100–
1020 mm in preserved length and 150–210 mm in diameter.
Both complete and incomplete cross-walls can be observed
clearly, but can be absent in part of the tube due to poor
preservation (Fig. 117.4). Cross-walls straight or slightly
curved. Spacing between complete cross-walls is 3–6 mm.
Incomplete cross-walls, 25–75 mm wide, are interspersed
between complete ones. The width of incomplete cross-walls
is variable even in the same tube (arrows in Fig. 117.2).
Sometimes discoidal segment can be disarticulated from the
tube (Fig. 117.5).

Material.—Twenty-three specimens, lower Member III
(Wangfenggang) and upper Member III (Niuping).

Remarks.—The current specimens are similar to Sinocyclo-
cyclicus guizhouensis from the Doushantuo Formation at
Weng’an in its cylindrical tube with both complete and
incomplete cross-walls. One of our specimens (Fig. 116.5,
116.6) has very closely spaced cross-walls (spacing of
complete cross-walls about 3 mm); the spacing is similar to
silicified S. guizhouensis specimens from the Doushantuo
Formation at Tianjiayuanzi in the Yangtze Gorges area (Liu
et al., 2009b) but denser than S. guizhouensis specimens from
Weng’an (spacing of complete cross-walls 8.2 mm, Liu et al.,
2008).
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