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Life limit of Earth’s life as functions of water, CO2 and nutrients

MARUYAMA, Shigenori1∗

1Tokyo Institute of Technology

To understand the ecosystem to drive life continuously from its birth to the present, and its future, the reaction to synthesize
life is critical. The three components, water, CO2, and nutrients are combined all to bear life by the help of Sun energy on the
surface of the Earth. In the Phanerozoic, this system began to work effectively by the nutrient supply due to emergence of huge
TTG mass (continents).

On the contrary, the ecosystem was extremely poor because of minor nutrients in most Precambrian time. Minor amounts
of nutrients with sufficient water and CO2 constrained the reaction to produce life in the Archean and basically same in the
Proterozoic, although increased considerable amounts later. After the emergence of huge landmass at 600Ma, the ecosystem has
suddenly changed, 106 times bigger than before to open the door of Cambrian explosion. Through the Phanerozoic, the Earth has
spent most of CO2 which remains now only 400ppm in atmosphere. When we will lose CO2 in atmosphere, the reaction above
will stop to change the ecosystem. The oxygen-rich atmosphere will also be changed. Instead, the world of anoxic bacteria will
appear again on the surface of the Earth, and the world of metazoan will end.

1.5Ga afterward, the Earth will lose the Ocean on the surface, which will be the time of ending life.
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Organic geochemical approach to the paleomarine environment around the Marinoan
glaciation

SHIZUYA, Atena1∗, KAIHO, Kunio1, OBA, Masahiro1, Zhong-Qiang CHEN2, Jinnan TONG2, TAKAHASHI, Satoshi3, Paul
GORJAN4

1Dept. of Earth Science, Tohoku Univ.,2China University of Geosciences,3Dept. of Earth and Planetary Science, the Univ. of
Tokyo,4Washington University in St. Louis

The Marinoan glaciation, from ˜665 Ma to ˜635 Ma, is hypothesized to be a ”snowball earth” period. The nature of the depo-
sition of post-Marinoan sediments, and the role of living organisms, is still being debated. We conducted organic geochemical
analyses of the sediments around the Marinoan glaciation in the Moonlight Valley type section, the East Kimberley region,
northwestern Australia. Our results show: (1) the biomass of photosynthetic organisms was relatively small after the ice age, but
rapidly increased just before the precipitation of ”cap carbonate” unit (CCU) and was large during the CCU precipitation, ac-
cording to pristane + phytane quantities; (2) the biomass of green sulfur bacteria was relatively large around the start of the CCU
precipitation, according to the quantity of aryl isoprenoids; (3) anoxic water developed both just before and during the last of
the CCU precipitation, evidenced by the pristane/phytane ratio and the quantity ratio of aryl isoprenoids and dibenzothiophene.
These situations suggest the possibility that the CCU was precipitated by a medium of sulfate-reducing bacteria which existed in
the remaining glacial euxinic water. A blooming of photosynthetic organisms during the deglaciation provided abundant organic
matter to the sulfate reducers, that then produced the carbonate that precipitated to form the CCU.

Keywords: organic geochemistry, Neoproterozoic, snowball earth, paleocenography, cap carbonate
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A two-step rise of oxygen concentration in shallow seas coinciding with the rise of animal
life in Ediacaran-Cambrian

KAIHO, Kunio1∗, KIKUCHI Minori 1, SENBA Naoto1, SHIZUYAAtena1, OBA Masahiro1, CHEN Zhong-Qiang2, TONG
Jinnan2, TAKAHASHI Satoshi3, GORJAN Paul4

1Tohoku University,2China University of Geosciences,3University of Tokyo,4Washington University

Two of the most significant events in Earth biotic evolution occurred in the Ediacaran and the early Cambrian periods. The first
event is characterized by the appearance of primitive marine animals such as sponges and cnidarians in the Ediacaran, and the
second step is the appearance of diverse marine animals in the early Cambrian. However, the cause of these macroevolutionary
steps has not been clarified. Here we show that a two-step rise of oxygen level in shallow seas coincided with the rise of
animal life in the Ediacaran and Cambrian. The changes in dissolved oxygen, marked by an organic molecular index, the
pristane/phytane ratio, are detected from shallow marine sedimentary rocks from northwestern Australia and southern China.
Low dissolved-oxygen conditions above storm wave base developed frequently in the early Ediacaran before and during the
Gaskiers glaciation and end-Ediacaran to earliest Cambrian, before the Cambrian Explosion. High dissolved-oxygen conditions
above storm wave base continued in late Ediacaran and into the time of the Cambrian Explosion. The high dissolved-oxygen
conditions coincided with the Ediacaran biota and the early Cambrian fauna. Additionally, sporadic data from below storm wave
base show low dissolved-oxygen conditions in the late Ediacaran, and high dissolved-oxygen conditions during and after the
Cambrian Explosion horizon. We hypothesize that the two-step rise in dissolved oxygen is related to the two-step evolution of
metazoans in the mid-Ediacaran and the Cambrian.

Keywords: Ediacaran, Cambrian, oxygen concentration, shallow sea, animal life
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Occurrence of PZE and intensification of marine primary production during the Creta-
ceous OAE1b in the Vocontian Basin.

ANDO, Takuto1∗, SAWADA, Ken1, Kazuki Okano1, NISHI, Hiroshi2, TAKASHIMA, Reishi2

1Faculty of Science, Hokkaido University,2Tohoku University Museum, Tohoku University

In mid-Cretaceous formations, the laminated and organic-rich black shales, which have been thought to be deposited under
oxygen-poor oceanic condition, were occasionally discovered. The environmental disturbance events that had formed such black
shales are called ’Oceanic Anoxic Events (OAEs)’ occurred by ocean water stratification and/or high productivity at sea surface.
Previous studies on OAE 1b demonstrated that wide occurrence of anoxic waters was attributed to episodic expansion of the
oxygen minimum zone (OMZ), which was presumably formed as a result of intensification of marine primary production. How-
ever, few insights for paleo-ecosystem such as primary production have been obtained. In the present study, we reconstructed
paleo-ecosystem by multi-biomarker analysis with high resolution (lamina levels) in the Vocontian Basin during the OAE1b (the
Paquier level).

In the Paquier level, variations in concentrations of terrestrial biomarker such as retene were nearly synchronous to those
of marine algal biomarkers such as steroids and dinosteroids. These results indicate that the nutrient was transported from
land to ocean. Moreover, biomarkers of methanogenic archaea such as 2,6,15,19-tetramethylicosane (TMI) and 2,6,10,15,19-
pentamethylicosane (PMI) were even detected at massive marls in the Paquier level. Concentrations of these biomarkers were
higher at clearly laminated shale layers. It shows dysoxic to anoxic condition at seafloor during the Paquier levels and increase
in methanogenic archaea related to the intensification of anoxic condition. Furthermore, biomarker of green sulfur bacteria,
chlorobactane, was identified. Green sulfur bacteria including Chlorobiaceae are known to photosynthesize at euphotic zone
under euxinic (anoxic and sulfidic) condition, and therefore, detection of its biomarker clearly indicates occurrence of ’photic
zone euxinia (PZE)’ during deposition of the Paquier levels. This is first report for the PZE at the OAE1b. Concentrations of
chlorobactane were higher at clearly laminated shale layers and ammonoids-rich beds. In addition, triaromatic dinosterane index
(TDSI’), which is used as an indicator for contribution of dinoflagellate in total primary producers of the sea surface layer, were
higher value at black shale layers with high concentration of chrolobactane. It suggests that the PZE was associated from varia-
tion in dinoflagellate production during deposition of the Paquier level.

Keywords: Oceanic Anoxic Events (OAEs), photic zone euxinia (PZE), biomarker, green sulfur bacteria, dinoflagellate, supply
of terrigenous material
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Compositions of molecules bound in terrestrial plant-derived kerogens from Cretaceous
sediments, Hokkaido, Japan

MIYATA, Yuma1∗, SAWADA, Ken1, NAKAMURA, Hideto1, IKEDA, Kei1

1Faculty of Science, Hokkaido University

Organic particle derived from terrestrial higher plant is usually contained in ancient sediment. The terrestrial plant-derived
organic particle is mainly composed of resistant macromolecules such as cutin and suberin polymers and well preserved bio-
chemical and taxonomic information for living plant. Our research group proposed that molecular compositions of the resistant
macromolecule in plant fossil could be useful as chemotaxonomic indicator (Ikeda et al., submitted). In the present study, we ap-
plied this chemotaxonomic indicator to terrestrial plant-derived organic matter (kerogen) collected from Cretaceous sedimentary
sequence to examine applicability of this indicator for reconstructing paleovegetation, and moreover, terrestrial paleoenviron-
mental variations.

We analyzed mudstones and sandstones collected from the Lower Cretaceous Albian Shuparogawa Formation, Maruyama
Formation and Hikagenosawa Formation of the Yezo Group in the Tengunosawa route, Oyubari, Hokkaido, Japan. These for-
mations are turbidite sediments that carbonized plant fragments are abundantly contained. Kerogens were separated from the
powder rock samples as reported by Sawada (2006, Island Arc 15, 517-536). The kerogens were extracted with methanol and
dichloromethane, and were subsequently refluxed under high temperature to remove free compounds completely. Finally, the
residues were saponified by KOH/methanol to obtained ester-bound compounds. GC-MS analysis was performed for identifica-
tion and quantification of compounds. Also, we observed the kerogens with fluorescent light microscope.

Fluorescent light microscopic observation of kerogens shows that the kerogens from all sediments are mainly composed of
wood and non-fluorescent amorphous organic matter (NFA), and contain plant cuticle as minor component. This indicates that
all kerogens used are originated from terrestrial higher plant tissues. As saponified products (ester-bound molecular units) from
all kerogens, C14-C18 n-alkanoic acids (fatty acids) are mainly detected, and C10-C24 n-alkanols are identified. There are
predominance of even carbon numbers of fatty acids and n-alkanols released from kerogens, and these released compounds
are presumably originated from monomers of cutin and suberin polyesters in resistant macromolecules of the kerogens. The
C18/C16 ratios of fatty acids released from kerogens significantly vary from the Shuparogawa to Hikagenosawa Formation in the
Tengunosawa route. Previous study (Ikeda et al., submitted) suggested that the C18/C16 ratios of the bound fatty acids obtained
after saponification varied depending on relative abundances of woody / herbaceous fossils. It is found that the variations of the
C18/C16 released fatty acid ratios are almost synchronous to those of angiosperm / gymnosperm ratios recorded by terrestrial
higher plant biomarkers (Nakamura et al., submitted). In the Cretaceous flora, it is presumed that the woody and herbaceous plants
were mainly composed of gymnosperm and angiosperm, respectively. Thus, the synchronous variations between the C18/C16
released fatty acid ratios and biomarker angiosperm / gymnosperm ratios suggest that these organic geochemical data showed
the variations of paleovegetation for angiosperm-dominant grassland / gymnosperm-dominant forest in the Cretaceous paleo-
Hokkaido areas. From these insights, we propose that the C18/C16 ratio of fatty acid released from kerogen can be useful as
paleovegetation indicator. In addition, C18 ratios in n-alkanols bound in kerogen have potential as paleovegetation indicator.

Keywords: terrestrial plant-derived kerogen, bound molecule, paleovegetation indicator, terrestrial paleoenvironment, Yezo Group,
Cretaceous
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Thrombolites and shelly fossils from the Cryogenian carbonate in Bahia, Brazil

KANO, Akihiro1∗, Chizuru Takashima2, Fumito Shiraishi3

1Kyushu University,2Saga University,3Hiroshima University

Research on the Neoproterozoic sediments in the last two decades have demonstrated the drastic climatic changes and the
peculiar material cycling of this age, as well found a number of traces of life. Multicellular animals have evolved immediately
after the Marinoan glaciation (635 Ma), and the most primitive sponges may have already existed before. In addition, stratigraphic
range of the shelly organisms has been extended beyond the Cryogenian that includes the Sturtian glaciation (720 Ma). Thus,
Neoproterozoic was the period of biological evolution. A potential linkage between the Neoproterozoic climate and evolution is a
huge organic mass suspended in stratified ocean column. In order to digest organic matter in low-oxygen seawater, the unicellular
and mobile suspending feeders change their ecological strategy to multicellular and immobile habits. This may have induced the
animal multicellularity (Kano et al., 2011).

We found traces of life in carbonate rocks of the Cryogenian Salitre Formation in central Bahia province, Brazil. The organic-
rich carbonate rocks appear lentic bodies of thrombolites, up to several meter thick and>20 m wide. The thrombolite is formed by
digitate structures of ˜5 mm in diameter, which consist of peroidal texture. The digitate structures could be formed by microbes,
but their uniform configuration may indicate the possibility that they were lithified multicellular animals or algae. In adition,
the carbonate yields spheroidal shelly fossils of ˜2 mm in diameter. The shell is ˜0.2 mm thick and lacks any microscopic
features, such as processes or holes. Algae from California are the only known Cryogenian fossils having calcaleous shell, but
our specimens show a absolutely different form. Skeletal of animal is generally considered as adaptation against predation. Thus,
animals that can predate organisms of ˜2 mm had evolved in late Cryogenian.

At present, origins of the digitate structures and spheroidal fossils are not specified, but will be investigated with microscopic
observation and chemical analyses.

Keywords: Neoproterozoic, thrombolite
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Shelly microfossils from the Ediacaran Doushantuo Formation in Hunan province, China

FURUYAMA, Seishiro1∗, Yoko Kunimitsu1, Wei Wang2, Akihiro Kano1

1Kyushu University,2Nanjing Institute of Geology and Paleontology, Chinese Academy of Sciences

The Ediacaran and earliest Cambrian fossils from South China play a key role to reconstract the early history of the animal
evolution (Xiao et al., 1998; Hong et al., 2010). The reported fossils have been mainly animal bodies and embryos, however the
microfossils are equally important in order to understand the Ediacaran-Cambrian ecosystems. Some microfossils have miner-
alized skeletons, such as the small shelly fossils and the vase-shaped microfossils. Among these, the vase-shaped microfossils
have been recently reported from many localities around the world, and considered to be related with various animal groups, such
as agglutinated foraminifella (Hong et al., 2007), tintinnids (Bosak et al., 2011) and testate amoebae (Poter and Knoll, 2003).
However, the oldest known shelly fossil in South China is so far the Cloudina from the uppermost Ediacaran Dangying Group.
This study reports the newly discovered shelly fossils from the lower-lying Doushantuo Formation in South China.

The studied material was collected form microfossils in the Fengtan section, Hunan Province. Here exposes the Ediacaran
sediments in a basinal setting of the Yangtze platform (Jiang et al., 2011) covering a diamictite facies of the Nantio Forma-
tion correlated with the Marinoan glaciation. The Ediacaran sequence of this section consists of carbonate-shale sequence of
the Doushatnuo Formation (80 m), and the black chert of the Liuchapo Formation (20 m) in ascending order. The fossils were
found from ca. 20 m above the base of the Doushantuo Formation. These are discoidal to spheroidal forms with frilly outer rim
as viewed from above. The fossils have a wide range in size; 80-1000 micrometer long (median = 435, N = 127) and 80-800
micrometer wide (median = 347, N = 127). Side view of the fossils show lenticular shape and some specimens have a tapering
end. They have single layered skeleton of ˜10 micrometer in thickness.

These fossils reveal the first discovery, also in terms of fossil from the basinal facies of the Yangtze platform. Despite of
an unknown affinity, the newly found fossil occurrence increases the animal diversity of the early Ediacaran ocean. The marine
ecosystem was more developed than it was considered.

Keywords: Ediacaran, Shelly microfossils, Doushantuo Formation, China
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Palaeoecology of the producers of trace fossil Phymatoderma from the Toarcian black
shale in southern Germany

IZUMI, Kentaro1∗

1School of Science, the University of Tokyo

There are a few black shale horizons which are characterized by the dense occurrence of the trace fossil Phymatoderma in the
lower Toarcian Posidonia Shale in southern Geamany. Phymatoderma is interpreted as a burrow system constructed by deposit
feeders because of the presence of the fecal pellets. Because pellet fillings consist of a material different from the surrounding
sediments, the detailed palaeoecology of the Phymatoderma producers is still vexing; whether fecal pellets are altered from the
matrix by digestion (the work of substrate deposit feeders) or are imported from a food source at the sediment surface (the work
of surface deposit feeders). In this study, carbon-isotope values and elemental compositions of filling materials, their surrounding
black shale, and overlying mudstone are analyzed in order to identify the origin of the fillings of Phymatoderma and to clarify
the detailed feeding strategy of producers. Carbon-isotope ratio of the filling materials showed little difference from that of the
overlying mudstone, and instead had significantly heavier value that that of the ambient black shale. This fact means that the
infillings of Phymatoderma were substantially derived from their overlying mudstone as a result of surface sediment feeding by
their producers. Then, comparison between elemental compositional values of the fillings and those of the overlying mudstone
showed no significant difference. This fact strongly suggests that the Phymatoderma producers non-selectively ingested surface
sediments.
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Has the distribution of larger foraminifera Amphistegina radiata expanded to the Japan
Sea Coast of Ishikawa Prefecture?

Yumi Kashihara1, KATO, Michio2∗

1Dept. Earth Sci. Kanazawa Univ.,2Nat. Sci. Tech. Kanazawa Univ.

In the seas around the Japanese Archipelago, the larger foraminifera are mainly distributed among the Ryukyu Islands; how-
ever, since the 1970s, the larger foraminiferaAmphisteginahas been detected along the coast of the Japan Sea. Based on core
samples collected in Tsukumo Bay in the Noto Peninsula, Ishikawa Prefecture,A. radiate have been present since the early
1900s. SinceA. radiate were well-preserved, it is possible that the distribution ofA. radiate has expanded to the Noto Penin-
sula. However, since the water temperature in Tsukumo Bay becomes lower than the habitable water temperature for larger
foraminifera during winter, abortive migration is a possibility.

Agamont, Schizont and Gamont generations were identified around Sesoka Island based on the test size ofA. radiata,
indicating thatA. radiataadopts a trimorphic life cycle in this location. Therefore, the size of the proloculus was quantified for
each generation using samples collected around Sesoko Island and on the coast of Nago City, and thenA. radiata generations
from the Tsukumo Bay were determined based on their proloculus sizes. Absence of Schizont and Gamont generations may
suggest abortive migration in the bay.

The distribution of the proloculus diameter forA. radiata from Okinawa Prefecture was bimodal with two peaks at 35 -
42um and 77 - 84um. However, it was not clear to which generations these peaks corresponded. Among the megalospheric-type
specimens ofAmphistegina gibbosafrom the Florida Keys, the proloculus size of Gamont was larger than that of Schizont and
the size of the second chamber was different between the megalospheric and microspheric types. There were two different shapes
in the second chamber ofA. radiatafrom Okinawa Prefecture, round- and crescent-shaped, and those with a round-shaped second
chamber were fewer in number and had a smaller proloculus. On the other hand, those with a crescent-shaped second chamber
had a larger proloculus and the distribution of the diameter of the proloculus was bimodal. Therefore, it was suggested that those
with a round-shaped second chamber were Agamont, those with a crescent-shaped second chamber were Schizont, and those
with a large proloculus were Gamont. Within Tsukumo Bay, the distribution of the proloculus diameter had only one peak at 35
- 42 um and two specimens had a round-shaped proloculus.

In conclusion, the generations ofAmphistegina radiatathat occur in the Tsukumo Bay are likely Agamont and Schizont
and although they reproduce, a trimorphic life cycle has not yet been completed.

Keywords:Amphistegina, life cycle, proloculus, abortive migration, Tsukumo Bay, Japan Sea
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Ontogenetic stable isotope records for disclosing evolutional history of algal symbiosis in
planktonic foraminifers

TAKAGI, Haruka1∗, Kazuyoshi MORIYA2, Toyoho ISHIMURA3, Atsushi SUZUKI3, Hodaka KAWAHATA4, Hiromichi HIRANO2

1CSE Grad. School, Waseda University,2Dep. Earth Sci., Sch. Edu., Waseda University,3Geological Survey of Japan, AIST,
4AORI, The University of Tokyo

In modern planktonic foraminifers, symbiont-bearing species have successfully adapted to oligotrophic environment, because
of nutritional advantage from photosynthesis of symbiotic algae. Through the evolutional history of planktonic foraminifers, the
establishment of photosymbiotic system allowed them to radiate into a new ecological niche in oligotrophic open ocean. There-
fore, disclosing the evolutional history of algal photosymbiosis is crucial for understanding the dynamics of paleobiodiversity in
planktonic foraminifers.

In several studies on extinct species of planktonic foraminfers, putative photosymbiotic ecology was estimated from specific
morphology commonly observed in modern symbiotic taxa. However, since morphological diversity in planktonic foraminifers
would be inconsistent with their general ecological variety reasoned by analogy, independent and objective analyses are required.
From this point of view, previous studies using cultured specimens proposed a possible geochemical signature of photosymbiotic
ecology, i.e., stable isotopic compositions through ontogeny1). Those experimental results indicate that d13C value becomes13C-
enriched chamber-by-camber with growth, because the number of symbiotic algae, preferentially using12C for photosynthesis,
increases in association with growth of the host foraminifers. This observation indicates that the successive increase of each
chamber,s d13C through individual ontogeny represents the characteristic signal of photosymbiosis. However, this technique has
rarely been practically applied to analyses of fossil foraminifers, because the amount of carbonate of each fossil foraminiferal
chamber is too small for conventional isotope analyses2, 3).

Here, we present ontogenetic stable isotopic records in a single foraminiferal test, obtained from newly developed stable
isotope measurement for micro-volume carbonate samples; customized continuous-flow analytical system attached to IRMS
(IsoPrime) at Geological Survey of Japan (AIST)4). This device allows us to analyze a single foraminiferal chamber as small
as 1.5 micro grams of carbonate. In this study, three species of Recent planktonic foraminifers recovered from IODP Exp.
330 were used for the isotopic analyses;Globigerinoides conglobatus(symbiotic),Globigerinoides sacculifer(symbiotic), and
Globorotalia truncatulinoides(asymbiotic). Tests of each specimen were dissected into 5-7 pieces of chamber(s) with micro-
scalpels.

Two symbiotic species,Gs. conglobatusandGs. sacculifer, exhibit successive increase of d13C with growth by 1.2 permil
and 2.1 permil, respectively, in contrast to relatively stable d18O; -0.1 (+/-)0.3 permil and -0.9 (+/-)0.2 permil, respectively. On
the other hand, d13C and d18O of asymbiotic species ofGr. truncatulinoidesdisplays significant positive correlation. In addition,
d18O of Gr. truncatulinoidesis considerably higher than those of the other two symbiotic species.

In Gs. conglobatusandGs. sacculifer, successive increases in d13C associated with18O-depleted and stable d18O represent
the symbiotic nature of these species within a shallow euphotic zone. On the other hand, d18O of Gr. truncatulinoidesindicates
the deeper habitat, which is consistent with the modern plankton tow observations. These results suggest that the photosymbiotic
signal has been successfully detected in this study. We then confirmed that the chamber-by-chamber increase of d13C in fossil
planktonic foraminifers can be utilized as a proxy of algal photosymbiosis.

1) Spero and Lea, 1993, Marine Micropaleontology, DOI:10.1016/0377-8398(93)90045-Y.
2) Houston and Huber, 1998, Marine Micropaleontology, DOI:10.1016/S0377-8398(99)00007-9.
3) Bornemann and Norris, 2007, Marine Micropaleontology, DOI:10.1016/j.marmicro.2007.05.005.
4) Ishimura et al., 2004, Rapid Comm. Mass Spectrom., DOI:10.1002/rcm.3571.

Keywords: planktonic foraminifers, photosymbiosis, stable isotopes, ontogeny
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3-D Geometric Morphometric Analysis of Planktonic Foraminifera Chamber Form with
a Fixed Number Anchorpoints Method

ITO, Hikaru1∗, SASAKI, Osamu2, NAGAHAMA, Hiroyuki 1

1Department of EARTH SCIENCE, Tohoku University,2The Tohoku University Museum

This study presents a new Three Dimensional (3-D) morphometric analysis method of planktonic foraminifera focusing on
chamber forms. Most of existing morphometric analysis methods of planktonic foraminifera (e.g. Lohmann, 1983; Malmgren
et al., 1984; Hull and Norris, 2009; Scottet al., 2007) were based on Two Dimensional (2-D) specific sideviewing pictures
of shells had lost accurate 3-D form data, and were not dealt with chamber forms that often indicates specific growth on
foraminifera’s ontogeny and is one of elements to compose whole shell shape. Therefore morphometric 3-D chamber analy-
sis was required to be developed as evaluating similality and morphometric characteristic of chamber quantitatively.

Accordingly, it was useful for chamber form analysis to introduce X-ray Computed Tomography (X-ray CT) and generally
3-D morphometric methods (e.g. Brechbuhleret al., 1995; Macleod, 1999; Wileyet al., 2005; Mitterockeret al., 2005; Shen and
Makedon, 2006; Macleod, 2008; Polly, 2008; Polly and Macleod, 2008) that make rapid progress in recent years. But although
3-D chamber analysis needs a function of scanning inner structures as 3-D shape of chamber is appropriate to be represented by
inner walls of shell keeping inception forms, we had been impossible to observe inner structures of microfossils until recently
resolution enhancement of X-ray CT. In addition, above mentioned methods were not designed to evaluate 3-D foraminifera
specimens that are microscale and have a margin and an aperture.

This new developed method allowed us to segment chambers from 3-D shell model in the form of Patch Object which surface
is represented by an aggregate of microtriangle (patch), and to analyze 3-D marginate forms of microscale specimens quantita-
tively. the chamber segmentation procedure is composed of five phases as called ”Selecting with normalvector”, ”Selecting with
total brightness of a route”, ”Selecting with Potential Field”, ”Selecting with adjoining chamber”, and ”Selecting with connect-
ing Patch”. The analysis procedure is designed expressing chamber form with Anchorpoints of a fixed number and measuring
quantitative morphometric values, composed of four phases as called ”Scaling with Centroid Size”, ”Procrustes (GLS; General
Least-Squares) Superimposition”, ”Setting of Anchorpoints”, and ”Relative Warp Analysis” respectively. ”Scaling with Centroid
Size” is the process that coordinates of 3-D chamber model data are divided by Centroid Size is the unique independent size
variable of shape (Bookstain, 1991). ”Procrustes (GLS; General Least-Squares) Superimposition” is the process that coordinates
of 3-D model data are rotated for most optimal positions of analysis around the centroid with Procrustes Rotation (Rohlf, 1990,
Rohlf and Slice, 1990). ”Setting of Anchorpoints” is the process that Anchorpoints of a fixed number (1000) is placed equally on
3-D chamber model data scaled and rotated. ”Relative Warp Analysis” is the process that Anchorpoints representing 3-D cham-
ber shape is analyzed into principal components of coefficients of Anchotpoints’ warps (Bookstain, 1991; Rohlf, 1993, 1996).

The result that some Neogloboquadrina specimens were applied with this approach indicated recognizable closeness between
discrete chambers of an identical specimen and nearness between homologous regions of respective specimens of identical
species on principal component space, and enabled us to grasp degree of similarity in the form of a distance among voluntary
chambers on principal components space. Therefore, this method is available to trace the spatial and temporal transition of 3-D
chamber forms visually. In particular, this method is expected to estimate a growth stage of any specimen and to discover on-
togeny patterns. This analysis was applied to planktonic foraminifera Neogloboquadrina, that have less-characteristic chamber,
and enables us to evaluate quantitative differences among arbitrary chamber forms of various species.

Keywords: planktonic foraminifera, morphometric analysis, quantitative analysis, 3-D specimen, X-ray CT
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Massive soil erosion and the Late Devonian mass extinction

KAIHO, Kunio1∗, YATSU Susumu1, OBA Masahiro1, GORJAN Paul2, CASIER Jean-Georges3

1Tohoku University,2Washington University,3Belgian Royal Institute of Natural Sciences

The Late Devonian mass extinction was characterized by stepwise extinctions of marine organisms during the spread of vas-
cular land plants. Algeo and co-authors hypothesized that the spread of vascular land plants resulted in increased pedogenic
weathering rates and the flux of soil-derived nutrients to marine ecosystems leading to the mass extinction. However, since
presentation of that hypothesis in 1995, no evidence of massive soil erosion has been reported. Here we show that massive soil
erosion occurred rapidly in the latest Frasnian, which marks the culmination of the stepwise Late Devonian mass extinction and
sea level rise. The evidence includes maxima in organic geochemical indicators of soil erosion and vascular land plants in the
top of the Frasnian composed of mudstone in a shallow marine sequence from Belgium. The Late Devonian is an unique period
marked by massive soil production in flood plains by vascular land plants and massive sediment yield in uninhabited hinterland
by rapid physical weathering before development of seeds in the Famennian, resulting in the massive accumulation of soil and
sediments on plains. Therefore, similar events have not occurred after the Devonian. We hypothesize that flooding due to global
sea-level rise eroded the massive soil and sediments, providing abundant nutrients and a massive mud supply to marine ecosys-
tems, which resulted highly selective decimation of shallow-water sedentary organisms.

Keywords: Devonian, mass extinction, soil, sea level, vascular land plants
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Predominance of even-numbered n-alkanes spanning the end-Permian mass extinction
and the Induan-Olenekian biotic turnove

SAITO, Ryosuke1∗, KAIHO, Kunio1, OBA, Masahiro1, ITO, Kosuke1

1GeoEnvironmental Science, Tohoku univ

The greatest mass extinction occurred at the end of the Permian. The biotic recovery was much delayed until the beginning of
the Middle Triassic, and hostile environments for organisms are thought to have occurred repeatedly during the Early Triassic.
We present new information regarding the marine environment of the Early Triassic, using organic molecules. We show that a
predominance of even-numbered n-alkanes (n-C14 to C18 and C16 to C22) occurred spanning the end-Permian mass extinction
and the Induan-Olenekian biotic turnover. We attribute this to expansion of microbial communities and/or diagenetic products
under acidic ocean conditions across these boundaries. These unusual phenomena are thought to be related to the mass extinction
and the I-O biotic turnover.

Keywords: early Triassic, n-alkane
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Growth and habitat of the Jurassic ammonoids, Quenstedtoceras, inferred from stable
isotopic compositions

MORIYA, Kazuyoshi1∗, HIRANO, Hiromichi1, Tadamichi Oba2, TANABE, Kazushige3

1Dep. Earth Sci, Waseda Univ.,2Grad. Sch. of Environmental Sci., Hokkaido Univ.,3Dep. Earth and Planetary Sci., the Univ.
Tokyo

Oxygen and carbon isotopic compositions of the exquisitely well-preserved Jurassic ammonoid Quenstedtoceras were analysed
for understanding habitat and growth of well diversified Mesozoic ammonitids. Thermal structure of the Jurassic epicontinental
sea estimated from oxygen isotopic temperatures of benthic foraminifers and nektonic vertebrate remains represents 10?C and
24?C for bottom and surface temperatures, respectively. Oxygen isotopic temperatures of 15 and 17 ?C for Quenstedtocesas
indicate that these ammonoids analysed were nektonic swimmer within the Jurassic epicontinental water column.

Keywords: Stable isotopes, Paleoecology, Ammonoids, Jurassic, Paleotemperature
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Sequential changes in valve size distribution of planktonic diatoms from Hiruzenbara
Formation, Okayama

SAITO-KATO, Megumi1∗, HAYASHI, Tatsuya2, ISHIHARA, Yoshiro3, NARUSE, Hajime4

1National Museum of Nature and Science,2National Museum of Nature and Science,3Fukuoka University,4Chiba University

Fossil freshwater planktonic diatoms from laminated diatomite in Middle Pleistocene Hiruzenbara Formation were observed.
Stephanodiscus komoroensis was abundantly observed mainly in light-colored laminae and Puncticulata sp. was dominated in
dark-colored laminae. Former occurred through the 20-m thick section but latter did not occur from uppermost 2-m thick section.
Abundance of S. komoroensis is smaller than 10 % in the section with Puncticulata sp. and quickly increased to almost 100 %
occurrence in the section without Puncticulata sp. Valve size distribution of S. komoroensis sequentially changed: large size
(80-100 micro-m in diameter) dominated in the section with abundant Puncticulata sp.: dominant size range shifted to 100-
120 micro-m in the section just beneath that without Puncticulata sp.: small size (40-60 micro-m in diameter or less) occurred
more than 30 % in the section without Puncticulata sp. Our results of species composition and their size distribution generally
coincident with previous studies and give insight to competition between planktonic diatom species.

This work was supported by JSPS KAKENHI 21540476.

Keywords: diatom, valve size, Hiruzenbara Formation, lacustrine deposit, laminated diatomite
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How to compare disparity across the molluscan classes?: refinement of theoretical mor-
phospace and beyond

UBUKATA, Takao1∗

1Institute of Geosciences, Shizuoka University

Study on global biodiversity through geologic time has been a leading paleontological science over the past few decades.
The biodiversity is commonly estimated by taxonomic richness through compilations of the fossil records. On the other hand,
disparity, a morphological aspect of biodiversity, has attracted less attention despite its significances. It may be partly because
assessment of disparity is not so easy as counting the number of taxa. Measurement of disparity is defined through accommo-
dating a variety of taxonomic groups into an integrated morphospace; in other words, it cannot be described without common
morphological traits across all taxa of interest. The affair does matter when we try to compare morphological diversity between
disparate organisms. For instance, disparity in bivalves is rarely compared with that in gastropods, notwithstanding a great suc-
cess in theoretical morphology of molluscan shells. Indeed, even the number of parameters necessary for defining shell form is
prone to differ between theoretical models designed for clams and snails. An integrated model and morphospace, as well as an
appropriate measure of disparity itself, is required for future development of study on long-term disparity patterns in mollusks.

Here, I would propose a method to compare disparity across the different classes of the Conchifera described as follows. The
shell form is represented by the five parameters; tightness of shell coiling, translation rate of the aperture along the coiling axis,
the relative size of the aperture, the orientation of the aperture with respect to the coiling axis, and the angle of the aperture to the
radial direction. The parameters are log-transformed and normalized to give data with standard normal distribution. Distance
for each morphological trait between a pair of shell forms is defined as a difference in parameter value between them. Disparity
is assessed by the mean distance between all pairwise combinations. If the parameters approximate normality, the mean pairwise
distance does not depend on sample size. Relation of the morphological distance defined herein to the taxonomic unrelatedness
was analyzed in more than a thousand conchiferan species to find a disparity measure which is independent of taxonomic dis-
tinctness.

Keywords: disparity, morphospace, Mollusca
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The Bivalve Heresy revisited: crystallographic evidence implies inoceramids are proto-
brachs rather than pteriomorphians

HIRANO, Takeyuki1∗, UBUKATA, Takao1, MICHIBAYASHI, Katsuyoshi1

1Shizuoka University

The Inoceramidae, the most flourished bivalves throughout the Late Cretaceous, have been subjects of paleontologist’s atten-
tion because of their great biostratigraphic utilities and biological enigma. In particular, their phylogenetic position has been
a matter for debate in the last decade over a controversial heresy raised by Johnston and Collom (1998), i.e., the Inoceramidae
should be placed with cryptodonts in the Protobranchia, not Pteriomorphia. The ”Bivalve Heresy” is grounded on morphological
and paleoecological traits that can only be regarded as inconclusive evidences. Here we present a new evidence for the ”Bivalve
Heresy” through the crystallographic features of the shell.

In this study, we focused on distribution of crystallographic orientation in the nacreous shell layer because it is different
among higher taxa in the Bivalvia. We analyzed orientation of aragonite crystals in a total of three inoceramid species, namely
Inoceramus mihoensis, Sphenoceramus naumanniandS. sachalinensis. Pearlescent fossil specimens recovered from the Upper
Cretaceous Yezo Group were utilized for the orientation mapping using electron backscatter diffraction (EBSD: Oxford-HKL
Channel5) attached with a SEM (Hitachi S-3400N). The EBSD analyses revealed that preferred orientation of thea-axis is un-
clear in all inoceramid specimens examined. Such a character was also reported in nucleoid protobranchs and is totally different
from the crystallographic preferred orientation seen in pteriomorphians in which thea-axes are well aligned along the growth
lines. Although crystallographic data hitherto been available are limited for protobranchs, this result exhibits a sign of inappro-
priateness of assigning the Inoceramidae to the Pteriomorphia.

Keywords: inoceramids, nacreous structure, crystallographic orientation, EBSD
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