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Editorial

Beyond the Cambrian Explosion: From galaxy to genome

1. Introduction
Some may say that discussion of “Cambrian Explosion” started
in 1996 when this unique biological event was the cover story, titled
“Evolution's Big Bang,” of the American news magazine Time. Actually,
however, discussion of the Cambrian Explosion dates back to the mid19th century when Charles Darwin realized this conundrum of sudden
appearance of animals without ancestors. Time's story probably reﬂected
the worldwide inﬂuence of the best seller “Wonderful Life” (1989) by the
late S.J. Gould. Shortly after Time's cover story, another appealing concept,
the Neoproterozoic “snowball Earth” concept was proposed Hoffman
et al., 1998). The synergetic effect of these two hot topics had a great impact on the earth science community, and many projects were carried
out through the world on these issues, leading to numerous scientiﬁc articles and books. Geological, paleontological, geochemical, and genomic
phylogenetical approaches were pursued, and the results led to further
discussions on possible causes and processes. Despite the vast amount
of data that have been amassed, the ultimate cause and processes of
the Cambrian Explosion have not yet been fully resolved.
On the other hand, the ﬁnding of nearly 1000 exoplanets, including
many Earth-like ones, outside our solar system (e.g., Howard, 2013;
Seager, 2013), has expanded our curiosity regarding extra-solar life.
In this context, the history of the Cambrian Explosion on our planet
is important in understanding the critical conditions for large animal
evolution and diversiﬁcation on other Earth-like planets.
2. Context of this special issue
Near 6 years after the publication of the special issue of Gondwana
Research entitled “Snowball Earth to Cambrian Explosion” in 2008
(vol. 14, p. 1–286; edited by S. Maruyama and M. Santosh), here we assemble the latest perspectives of the biggest biological innovation at the
start of the Phanerozoic ca. 540 million years ago. The objective of this
special issue is to report new data mostly from the Ediacaran to Lower
Cambrian strata/fossils in South China and to address the cutting-edge
scenarios of the Cambrian Explosion, including even some avant-garde
ideas. We hope that the papers in this special issue would stimulate
Earth and Planetary Science communities to pursue further research
on evolution studies and astrobiology.
This special issue is composed of four parts: 4 general review
articles about the Cambrian Explosion, followed by two parts with
reports on new discoveries from paleontological studies (7 articles)
and geological/geochemical investigations (8 articles), and concluding
with one article that proposes a united view of the snowball Earth
and Cambrian Explosion. Following the summary by Shu (2008) in the
previous GR special issue, the latest paleontological ﬁndings make the
Cambrian biological world look much more similar to the modern

and thus more realistic. The isotope-based chemostratigraphical
correlation documents much higher-resolution secular changes in the
late Ediacaran–Cambrian shallow seas where the life explosion started.
These approaches are important to decipher the place, time, and conditions of animal diversiﬁcation. For explaining all these phenomena, a
new interpretation is given in the ﬁnal part in terms of the interaction
between the Cambrian biosphere and solid Earth, and also that between
the Earth system and outer galaxies from much broader time-space
viewpoint.
The ﬁrst two review articles summarize the current status
and perspectives of the Cambrian explosion on the basis of the latest
paleontological/genome phylogenetical dataset, and re-emphasize
the signiﬁcance of the greatest biological innovation at the start of the
Phanerozoic. Shu et al. (2014–in this issue) note that even with taphonomic bias, the Cambrian Explosion sensu stricto was the rapid
bilaterian phenotype diversiﬁcation, which occurred in the ﬁrst 20 million years of the Early Cambrian, and peaked in the Cambrian Stage 3.
This clearly postdates the animal diversiﬁcation on genome level. In
the second paper, Zhang et al. (2014–in this issue) review the latest
knowledge of phylogenetic tree of animals (TOA) and speculate the possible triggers for this unique episode.
The scenario for the Neoproterozoic snowball Earth to Cambrian
Explosion was proposed earlier by Maruyama and Santosh (2008) is
integrated into a much wider canvas by Maruyama et al. (2014–in this
issue) who propose that the Cambrian Explosion was triggered by the initiation of return-ﬂow of voluminous seawater into mantle. The lowering
of the temperature in upper mantle around subduction zones, below the
critical point of 600 °C at depth ca. 30 km, over the geologic time is identiﬁed as the principal cause. The subduction of large volumes of hydrous
minerals (= water) into the deep mantle likely caused a signiﬁcant sea
level drop and the extensive exposure of landmass to provide abundant
nutrients for the Cambrian Explosion. This scenario is correlated with
the geochemical evidence from newly gathered data on the 25 drill
core samples mentioned above. In contrast, collision-related mountainbuilding such as the Trans-Gondwana Mozambique belt has been previously proposed for explaining nutrient sources. In a different model,
Santosh et al. (2014–in this issue) propose that the rift-related regional
dome-up of Gondwana as a whole was a more efﬁcient process for
weathering and nutrient supply than localized mountain-building.
Although many of the new interpretations/proposals wait testing
by further studies, the contributions assembled in this special issue
illustrate the need for multidisciplinary approach and synthesis from
broader viewpoints when addressing the complexities of life evolution.
Most of the articles in this issue are the outcome of the China-Japan
Co-operative Project between Northwest University (Xi’an) and
Tokyo Institute of Technology since 2004, with some additional contributions from outside groups.
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3. New fossils of early animals
In the second part, 7 articles related to paleontological studies
in South China report new ﬁndings of interesting fossils. Four of
these report new contributions from the Chengjiang biota in Yunnan
province. Lei et al. (2014–in this issue) document “anchoring nail” of
anthozoan-like animals in the Cambrian Stage 3, which is explained as
a new adaptive life style on soft substrate in response to the appearance
of pelagic larvae and SSF-animals. Fu and Zhang (214–in this issue)
demonstrate the ontogenetic development of the unique bivalved arthropod fossil Isoxys with venomous gland. Duan et al. (2014–in this
issue) describe another arthropod fossil Kummingella that performed
“spawning egg” just like modern analogs. These additional fossil data illustrate that the Early Cambrian shallow marine environments were already occupied by various animals with similar life fashion. Dai et al.
(2014–in this issue) present pristine example of detailed ontogenetic
development of early trilobite Hunnanocephalus, in particular the
unique pattern in segment addition that is markedly different from
modern arthropods.
From the Three Gorges area in Hubei province, Guo et al. (2014–in
this issue) report the occurrence of 3 Terreneuvian SSF zones in sequence within the Yanjiahe Formation that allows fair correlation with
the Lower Cambrian in Yunnan. From the Ningqiang area in Shaanxi
province, Cai et al. (2014–in this issue) newly recognize a mat-related
lifestyle of Cloudina, one of the oldest skeletonized fossils, from the
upper Ediacaran. From the Weng’an area in Guizhou province, Yin
et al. (2014–in this issue) present synchrotron X-ray microtomographic
and SEM images of the Ediacaran “embryos of certain animals”, emphasizing their possible cytokinesis-related structure.
4. Drill core, high-resolution chemostratigraphy, and ﬁeld data
In the third part, 8 articles report the latest results of geological and
geochemical analyses for the Ediacaran and Lower Cambrian strata in
Hubei and Yunnan provinces, South China. Okada et al. (2014–in this
issue) obtained new Early Cambrian U-Pb zircon ages from the Three
Gorges area in Hubei province and the Chengjiang area in Yunnan province to constrain the timings of early animal diversiﬁcation episodes
during the Cambrian Epoch 2.
The following 5 articles display chemostratigraphy of the drilled core
samples from the Three Gorges area. As reported in part by Ishikawa
et al. (2008, 2013), Ohno et al. (2008), and Sawaki et al. (2008, 2010),
the China-Japan Joint Research project conducted deep drillings in the
Three Gorges area in Hubei province during 2004–2010, with 25 drill
cores at 6 sites on the southern side of the Yangtze river near Zigui, for
collecting unweathered core samples for better-quality geochemical
analyses. The stratigraphic thickness of the Ediacaran to Lower Cambrian beds penetrated by drilling is just over 700 m; however, the same intervals of different lithofacies were multiply recovered. Ishikawa et al.
(2014–in this issue) document stable carbon isotope
chemostratigraphy of the Lower Cambrian, providing a basis for global
correlation particularly for the Cambrian Stages 3 and 4. Kikumoto
et al. (2014–in this issue) report carbon and nitrogen isotopic stratigraphy of the Ediacaran and Lower Cambrian rocks, and speculate that
oceans ﬂuctuated between N-limited and N-enriched conditions
under the existence of large organic carbon pool. Sawaki et al. (2014–
in this issue) present the ﬁrst dataset of secular change in Ca isotope
ratio of the Ediacaran-Cambrian seawater, and discuss the possible
background conditions and mechanism for the change. Also using the
same core samples, Shimura et al. (2014–in this issue) provide the
ﬁrst estimate on phosphate concentration in the Ediacaran-Cambrian
seawater, and discuss its link to the animal diversiﬁcation. Likewise
Yamada et al. (2014–in this issue) identify biomarker molecules of nalkane from the core samples around the Ediacaran-Cambrian boundary, and discuss the redox change in seawater based on the ratio between longer and shorter chains of those molecules. Igisu et al. (2014–

in this issue) detected some cell structures with unique fabrics by utilizing the FTIR technique, and suggested the so-called “embryo” fossils
from Weng’an in Guizhou province may contain both algae and possible
embryo of animals of uncertain kinds.
Sato et al. (2014–in this issue) present the results from a detailed
ﬁeld geological study. They examined the sedimentological aspects of
the Lower Cambrian phosphorite in Yunnan and based on the results,
they challenge the conventional “upwelling shelf margin” model for
the SSF-rich phosphorite deposition by proposing a contrasting setting
of extremely shallow-water “restricted embayments” unique to the
continental rift zone in western South China. Localized unusual seawater chemistry might trigger the diversiﬁcation of SSFs ﬁrst in Yunnan.
5. Model
Closing this special issue, the last article evaluates Cambrian
Explosion in a broad perspective, linking with tectonic processes in
our planet. The role of the Neoproterozoic snowball Earth for the
Cambrian Explosion has remained enigmatic. Nonetheless, it is apparent
that the main trigger of snowball glaciation cannot be explained by any
of the greenhouse gas effects. A working hypothesis at present is the
GCR (galactic cosmic radiation)-Cloud link induced by the starburst in
far-away galaxies in the Neoproterozoic, as discussed by Kataoka et al.
(2014–in this issue). These authors put forward a model for the snowball Earth event from theoretical grounds, speculating that the rare glaciation was likely caused by the burst-driven increase in galactic cosmic
radiation to the Earth’s atmosphere and the resultant cloud development for limiting the insolation, and that the post-snowball rapid speciation was likely caused by the extremely high mutation rate on genome
level owing to the radiation.
We thank all the authors for their scholarly contributions to this
special issue. We also thank all the referees who spared their valuable
time and efforts to provide insightful peer-reviews. We hope that the
papers assembled in this special issue will be well-received and that
these works would enthuse further research on the intricacies of life
evolution on our planet, as well as the quest for life in Earth-like planets
in the Universe.
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