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

opooo
MARUYAMA, Shigenori'*

lopoo0oo
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 hug
TTG mass (continents).

On the contrary, the ecosystem was extremely poor because of minor nutrients in most Precambrian time. Minor amount
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
suddenly changed, 106 times bigger than before to open the door of Cambrian explosion. Through the Phanerozoic, the Earth h
spent most of CO2 which remains now only 400ppm in atmosphere. When we will lose CO2 in atmosphere, the reaction abov
will stop to change the ecosystem. The oxygen-rich atmosphere will also be changed. Instead, the world of anoxic bacteria wil
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
glaciation

oo
OO0 . . .
approach to the paleomarine environment around the Marinoa
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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 geochemica
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, bt
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 CCl
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 i
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.
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A two-step rise of oxygen concentration in shallow seas coinciding with the rise of animal

life in Ediacaran-Cambrian
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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
second step is the appearance of diverse marine animals in the early Cambrian. However, the cause of these macroevolution:
steps has not been clarified. Here we show that a two-step rise of oxygen level in shallow seas coincided with the rise o
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 Chin:
Low dissolved-oxygen conditions above storm wave base developed frequently in the early Ediacaran before and during th
Gaskiers glaciation and end-Ediacaran to earliest Cambrian, before the Cambrian Explosion. High dissolved-oxygen condition
above storm wave base continued in late Ediacaran and into the time of the Cambrian Explosion. The high dissolved-oxyge
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 th
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.
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Occurrence of PZE and intensification of marine primary production during the Creta-
ceous OAE1b in the Vocontian Basin.
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of terrigenous material
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Compositions of molecules bound in terrestrial plant-derived kerogens from Cretaceou

sediments, Hokkaido, Japan
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Thrombolites and shelly fossils from the Cryogenian carbonate in Bahia, Brazil
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Shelly microfossils from the Ediacaran Doushantuo Formation in Hunan province, China
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Palaeoecology of the producers of trace fossil Phymatoderma from the Toarcian blac

shale in southern Germany
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There are a few black shale horizons which are characterized by the dense occurrence of the trace fossil Phymatoderma in t
lower Toarcian Posidonia Shale in southern Geamany. Phymatoderma is interpreted as a burrow system constructed by depc
feeders because of the presence of the fecal pellets. Because pellet fillings consist of a material different from the surroundin
sediments, the detailed palaeoecology of the Phymatoderma producers is still vexing; whether fecal pellets are altered from tt
matrix by digestion (the work of substrate deposit feeders) or are imported from a food source at the sediment surface (the wor
of surface deposit feeders). In this study, carbon-isotope values and elemental compositions of filling materials, their surroundin
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 th
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 mudston
showed no significant difference. This fact strongly suggests that the Phymatoderma producers non-selectively ingested surfa
sediments.
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Has the distribution of larger foraminifera Amphistegina radiata expanded to the Japar
Sea Coast of Ishikawa Prefecture?
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Ontogenetic stable isotope records for disclosing evolutional history of algal symbiosis in

planktonic foraminifers
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In modern planktonic foraminifers, symbiont-bearing species have successfully adapted to oligotrophic environment, becaus
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 variety in planktonic foraminifers
is sometimes inconsistent with their general ecological segregation reasoned by analogy, independent and objective analys
are required. From this point of view, previous studies using cultured specimens proposed a possible geochemical signature
photosymbiotic ecology, i.e., stable isotopic compositions through ontdyefyose experimental results indicate that@
value become$®C-enriched chamber-by-camber with growth, because the number of symbiotic algae, preferentiattlyQising
for photosynthesis, increases in association with growth of the host foraminifers. This observation indicates that the successiv
increase of each chambed'3C 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 eac
fossil foraminiferal chamber is too small for conventional isotope analyses

Here, we present ontogenetic stable isotopic records in a single foraminiferal test, obtained from newly developed stabl
isotope measurement for micro-volume carbonate samples; customized continuous-flow analytical system attached to IRM
(IsoPrime) at Geological Survey of Japan (AI$T)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 analys&dpbigerinoides conglobatusymbiotic), Globigerinoides sacculifegsymbiotic), and
Globorotalia truncatulinoidegasymbiotic). Tests of each specimen were dissected into 5-7 pieces of chamber(s) with micro-
scalpels.

Two symbiotic speciesis. conglobatusind Gs. sacculifer exhibit successive increase o€ with growth by 1.2 permil
and 2.1 permil, respectively, in contrast to relatively staBfedd -0.1 (+/-)0.3 permil and -0.9 (+/-)0.2 permil, respectively. On
the other hand,'dC and d®0 of asymbiotic species d@r. truncatulinoideslisplays significant positive correlation. In addition,

d'80 of Gr. truncatulinoidess considerably higher than those of the other two symbiotic species.

In Gs. conglobatusind Gs. sacculifer successive increases i’@ associated with®O-depleted and stablé®D represent
the symbiotic nature of these species within a shallow euphotic zone. On the other ¥&hof &r. truncatulinoidesndicates
the deeper habitat, which is consistent with the modern plankton tow observations. These results suggest that the photosymbio
signal has been successfully detected in this study. We then confirmed that the chamber-by-chamber incré@se fofssil
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.
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3-D Geometric Morphometric Analysis of Planktonic Foraminifera Chamber Form with

a Fixed Number Anchorpoints Method
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Massive soil erosion and the Late Devonian mass extinction

0000 0004L0000L0000000002, 0000000000003
KAIHO, Kunio'*, YATSU Susumti, OBA Masahird, GORJAN Paul, CASIER Jean-Georgés
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1 Tohoku University?Washington University’Belgian Royal Institute of Natural Sciences

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

gogoobo:obog,bboo,0o0,0og,0bbbogd
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Predominance of even-numbered n-alkanes spanning the end-Permian mass extincti
and the Induan-Olenekian biotic turnove

oooo0 *oo0o00Yhoooothoooot
SAITO, Ryosuké*, KAIHO, Kunio!, OBA, Masahird, ITO, Kosuké

l0goooooooooooooo
LGeoEnvironmental Science, Tohoku univ

The greatest mass extinction occurred at the end of the Permian. The biotic recovery was much delayed until the beginning c
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
predominance of even-numbered n-alkanes (n-C14 to C18 and C16 to C22) occurred spanning the end-Permian mass extincti
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 extinc
and the I-O biotic turnover.

oooobo:00000,00000000
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D Anderson et al., 1994, Journal of the Geological Society, v. 151, p. 125-138.

2)Dromart et al., 2003, Earth and Planetary Science Letters, v. 213, no. 3-4, p. 205-220.
3)Moriya et al., 2003, Geology, v. 31, no. 2, p. 167-170.
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Sequential changes in valve size distribution of planktonic diatoms from Hiruzenbara

Formation, Okayama
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How to compare disparity across the molluscan classes?: refinement of theoretical mo

phospace and beyond

oo oot
UBUKATA, Takao'*

l0o0oo0ooOooOoOoooo
Hnstitute of Geosciences, Shizuoka University

Study on global biodiversity through geologic time has been a leading paleontological science over the past few decade:
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 becaus
assessment of disparity is not so easy as counting the number of taxa. Measurement of disparity is defined through accomm
dating a variety of taxonomic groups into an integrated morphospace; in other words, it cannot be described without commor
morphological traits across all taxa of interest. The affair does matter when we try to compare morphological diversity betweer
disparate organisms. For instance, disparity in bivalves is rarely compared with that in gastropods, notwithstanding a great sut
cess in theoretical morphology of molluscan shells. Indeed, even the number of parameters necessary for defining shell form
prone to differ between theoretical models designed for clams and snails. An integrated model and morphospace, as well as
appropriate measure of disparity itself, is required for future development of study on long-term disparity patterns in mollusks.

Here, | would propose a method to compare disparity across the different classes of the Conchifera described as follows. T
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 tt
radial direction. The parameters are log-transformed and normalized to give data with standard normal distribution. Distanc
for each morphological trait between a pair of shell forms is defined as a difference in parameter value between them. Disparit
is assessed by the mean distance between all pairwise combinations. If the parameters approximate normality, the mean pairw
distance does not depend on sample size. Relation of the morphological distance defined herein to the taxonomic unrelatedne
was analyzed in more than a thousand conchiferan species to find a disparity measure which is independent of taxonomic di
tinctness.

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

brachs rather than pteriomorphians

oooo ™ oooothoooot!
HIRANO, Takeyukt*, UBUKATA, Takao', MICHIBAYASHI, Katsuyosht

loooo
IShizuoka University

The Inoceramidae, the most flourished bivalves throughout the Late Cretaceous, have been subjects of paleontologist’s atte
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 Inoceramid
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 "Bival
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, namel
Inoceramus mihoensi$Sphenoceramus naumarandS. sachalinensisPearlescent 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 orientatieraafths un-
clear in all inoceramid specimens examined. Such a character was also reported in nucleoid protobranchs and is totally differel
from the crystallographic preferred orientation seen in pteriomorphians in whickalxes 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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