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Perturbation of eukaryotic life and ocean redox around the Precambrian-Cambrian bounc

ary
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We analyzed the organic geochemistry from shallow-sea sections of upper Ediacaran and lower Cambrian strata including tk
Precambrian-Cambrian boundary in Kunming area, South China. The results showed a correlation between organic geochemic
redox indicators (Pristane/Phytane ratio) and eukaryotic biomass indicator (sterane, sterane/hopane ratio). We report here the
new findings on redox changes and eukaryotic biomass changes during the late Ediacaran to the early Cambrian. Sterane c
centration and sterane/hopane ratio indicates that eukaryotic biomass increases throughout the interval from the top-Ediacaran
the lower Cambrian marked by Chengjiang Fauna. Pristane/Phytane ratio also coincidentally increases throughout the interve
These correlations suggest the anoxia at the end of the Ediacaran may be related to the extinction of Ediacaran Fauna, resulti
the evolution of eukaryatic life in early Cambrian by an increase in dissolved oxygen.
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Oceanic euxinia and destruction of land vegetation during the Frasnian/Famennian bounc

ary mass extinction
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We analyzed the organic geochemistry, d34SCAS, d34Ssulfide, d13Ccarb, and pyrite diameter from three shallow sea sectio
in Belgium and South China including the Frasnian/Famennian (F/F) boundary. The results showed a correlation between organ
geochemical redox indicators (dibenzothiophenes and 2,3,6-trimethylarylisoprenoids), sulfur and carbon isotope ratios, pyrite d
ameter, and an organic geochemical indicator of land vegetation destruction (dibenzofurans). We report here these new findin
on redox changes and destruction of land vegetation during the Frasnian/Famennian (F/F) boundary mass extinction. We shc
coincident increases in d34SCAS, d34Ssulfide, d13Ccarb, dibenzothiophenes, 2,3,6-trimethylarylisoprenoids, and dibenzofura
and a coincident decrease in pyrite diameter at or near the F/F boundary in low latitude shallow-seas. These coincidental chang
show the development of oceanic euxinia and destruction of land vegetation at this time. These correlations indicate that H2
accumulated in the ocean and input of euxinic waters to the oxic surface waters that most marine organisms inhabit, would hav
caused marine extinctions at the F/F boundary. Destruction of land vegetation may be related to the shallow-sea euxinia.
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Oceanic euxinia at the end-Permian mass extinction followed by cyanobacterial bloom:

and land vegetation recovery
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The largest mass extinction occurred in both seas and lands at the end of the Permian, 251 Ma. We conducted a high-resoluti
study on sedimentary organic molecules at the Huangzhishan section located at 40 km southeast of the GSSP Meishan secti
South China, deposited in shallow-water platform. In this section, fossil records indicate that mass extinction across the P/
boundary includes two extinctions. Here we report new findings on euxinic, bacterial, and land vegetation indices of organic
molecules in the Huangzhishan section. The results show that (1) ocean euxinia at the end of the Permian caused the former m
extinction and terrestrial vegetation collapse, (2) after the former extinction cyanobacteria bloomed in the ocean and land vege
tation recovered from lichens to ferns then to conifers but collapsed at near the P/T boundary and (3) after the later extinction th
second bloom of cyanobacteria occurred in the ocean and land vegetation recovered from ferns to conifers. Terrestrial vegetati
collapses coincided with spikes of photic zone euxinia indicator. This implies that hydrogen sulfide which accumulated in the
ocean released to the atmosphere triggering acid rain, leading to terrestrial vegetation collapse.
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Sulfur isotope of sulfate profiles in the pelagic Panthalassic deep sea at the end-Permial
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Ocean redox histry during the Early Triassic
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The greatest mass extinction occurred at the end of the Permian. A substantial biotic recovery was delayed until the end of th
Early Triassic, which lasted about 5 million years. This was an unusually long delay for biotic recovery after a mass extinction,
the Early Triassic therefore has often been viewed as an interval when global conditions repeated hostile to life. Several euxini
phases during Early Triassic have been reported. However, ocean redox history information of whole Early Triassic epoch is nc
enough. Here we show euxinic ocean appeared several times in the Early Triassic and euxinic conditions gradually became mu
stronger toward the end of the Early Triassic. The most severe condition occurred just before the recovery. However, this conditio
suddenly disappeared and dissolved oxygen levels abruptly increased in the Middle Triassic. This phenomenon coincided wit
biotic recovery in the Middle Triassic. Dibenzothiophenes and arylisoprenoids are detected which provide unequivocal evidence
for depositional environment euxinia and photic zone euxinia at "80 m water depth. These biomarkers became more abunda
toward the end of the Early Triassic. Okenane, a biomarker for photic zone euxinia at "20 m water depth, is never detected withot
the end of the Early Triassic. Moreover, crocetane which is a biomarker for anaerobic methanotrophic Euryarchaeota (ANME) is
detected from the middle Spathian to the latest Spathian. Crocetane indicates existence of methane in the Early Triassic sea. Tl
methane might be derived from methane hydrates. Anaerobic oxidation of methane is the chemical reaction: the consumptic
of methane and the formation of sulfide (e.g. hydrogen sulfide) from sulfate at a molar ratio of 1:1 by consortia of ANME and
sulfate-reducing bacteria. Dissolved oxygen in the sea would have to be eliminated at least twice of hydrogen sulfide generate
by anaerobic oxidation of methane given the stoichiometry of the reaction. The overproducing of hydrogen sulfide would induce
the uprise of chemocline. Consequently, anaerobic oxidation of methane might make the sea with euxinic condition. The mos
severe euxinic condition at the end of Early Triassic was possibly caused by anaerobic oxidation of methane triggered by meltini
methane hydrates. This is a model case that melting methane hydrates is not only a driver of global warming but also a driver c
ocean euxinia.



Japan Geoscience Union Meeting 2011 Jd
(May 22-27 2011 at Makuhari, Chiba, Japan) J

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
I‘%‘Ei‘?"..
BPT024-06 00:201B O0d:50 220 15:30-15:45

OAE20 00000000000 DOO B _ ,
Reconstruction of paleoenvironment in the Pacific Ocean during the mid-Cretaceous Oce
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The presence of negative carbon isotope excursions at the base of some Oceanic Anoxic events and PETM are explained
have been associated with massive inputs of mantle-derived volcanic CO2 or the dissolution of methane hydrates. In particula
prominent negative carbon isotope excursions have been found at the base of the Toarcian OAE and OAE 1a. In the OAE!:
however, negative carbon isotope excursion have not been always observed close to the base of the OAE2 at the several stud
areas. A negative carbon isotope excursion below the 1st build-up phase is explained by a diagenetic signal, or a reflection
local oceanographic episodic events, such as fresh water input.

We identified a negative carbon isotope excursion just below the 1st build-up phase from two distant sections of the Pacific
regions. In Hokkaido (North Japan), the negative excursion is recognized immediately below the OAE2 horizon in Upper Creta-
ceous Yezo Group sediments from the Shumarinai to Hakkin sections of central-northwestern Hokkaido. This evidence sugges
the occurrence of a negative shift in the carbon isotope composition of global atmosphere and/or the change in global terrestri
climate and hydrological cycles immediately before the onset of the OAE2. The negative shift began 23?51 ky before the onset
the 1st build-up phase of the OAE2, which is generally consistent with the onset of the volcanic pulse manifested by the negativ
1870s/1880s shift and increased pCO?2 levels. The negative d13Cwood excursion is also recognized in the Buddy Canyon Fc
mation of the Cretaceous Great Valley Group exposed in the California, USA. The negative spike identified in the two sections
of NW and NE Pacific Ocean may reflect massive input of volcanic CO2 immediately before the onset of the OAE 2.

gooob:obo,0obbobboog,obb,ooooobo
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Short-term euxinia coinciding with rotaliporid extinctions during the Cenomanian-Turonial

transition
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Oceanic anoxic event 2 (OAE2), which occurred during the Cenomanian-Turonian (C-T) transition and lasyedrs0
is characterized by a positive global carbon isotopic excursion and stepwise extinctions in marine biota. To examine tem
poral variations in the dissolved oxygen content of the water column, shallow-marine C-T sediments from northern Spain
were analyzed for concentrations of dibenzothiophenes, which are indicators of euxinic depositional environments, and 2,3,€
trimethylarylisoprenoids, which probably indicate photic-zone euxinia. The positive excursibiQivalues of carbonates is ac-
companied by short- (£@o 10* years) and long-term (2@ears) increases in dibenzothiophene and 2,3,6-trimethylarylisoprenoid
concentrations, suggesting that the bottom water and photic zone of the eastern marginal sea of the North Atlantic Ocean we
euxinic. Two of the short-term increases in organic compound concentrations took place just after the last occurrence of thi
planktonic foraminifers Rotalipora greenhornensis and R. cushmani. These transient maxima indicate that the extinction of bot
planktonic foraminifers was due to short-term OAEs lasting tb010* years.
Keywords: Cenomanian-Turonian, oceanic anoxic event, foraminiferal extinction, dibenzothiophenes, 2,3,6-trimethylarylisopren
brachiopods
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Oceanic redox and land vegetation across the Cretaceous/Paleogene boundary in C
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An extraterrestrial impact at the Cretaceous/Paleogene (K/P) boundary ca. 65.5 million years ago caused a mass extinction a
rapid changes of surface environment on the Earth. Here we report changes of oceanic redox and land vegetation across the k
boundary at Caravaca, southern Spain using sedimentary organic molecules. The results reveal that the basal 3-mm thin lay
of the K/P boundary-clay is marked by a rapid increase in concentrations of terrestrial long-chain n-alkanes and dibenzofurar
indicating a destruction of land vegetation and an increase in supply of terrestrial organic matter into the marine environmen
at the K/P boundary. This layer also have a rapid increase in concentrations of dibenzothiophene, indicating a change in redc
conditions from oxic to anoxic/euxinic conditions. The low-oxygen condition could have been caused by an increase in flux of
terrestrial organic matter into the ocean. A rapid increase in concentrations of retene and retene/cadalene occurred in the upy
part of the boundary-clay, indicating a recovery of angiosperm which withered at the K/P boundary.
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Occurrence of the Cretaceous limestones from IODP Expedition 330: Louisville Seamour
Trall
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Recent paleotemperature proxy and fossil assemblage analyses, particularly in the Atlantic and Indian Ocean, have describ
the late Cretaceous climate cooling followed by Paleogene warming. On the other hand, in the Pacific Ocean paleoclimatic an
paleoceanographic analyses of these events based on biological provincialism and geochemical records are surprisingly po
Because the Pacific was the largest ocean during the Cretaceous-Paleogene climate transition interval, investigating paleocea
graphic conditions in the Pacific is key to understanding the nature of greenhouse climate systems. IODP Expedition 330 alon
the Louisville Seamount Trail in the South Pacific, between December 2010 and February 2011, collected epi- and/or mesc
pelagic sediments containing abundant Cretaceous to Paleogene fossils from several flat-topped seamounts. These fossils \
help to constrain ancient paleoclimatic and paleoceanographic conditions in the Pacific Ocean.

According to geomantle dynamic models (Steinberger and Antretter, 2006), the Louisville Hotspot, which created the seamoun
trail, is modeled to have been located at approximately 40-500 S (this will be refined by paleomagnetic analyses post-cruise) du
ing the Cretaceous. Therefore, the epi- and meso-pelagic sediments capping the seamounts will provide an important record
the paleobiogeography and paleoceanography of Pacific southern mid- to high latitudes. Late Cretaceous planktonic foraminife
and molluscs found in the sediments have ages comparable to previous 40Ar/39Ar age estimates for these seamounts or interpc
tions from the Louisville age progression. The planktonic foraminiferal assemblages are composed of double- and single-keele
globotruncanids, hedbergerids, and heterohelicids. The relative abundances of globotruncanids in the Louisville sediments cor
pared to those in pelagic sediments in the Atlantic and Indian Ocean southern high latitudes, indicate a warmer water environme
in the late Cretaceous southern mid- to high latitude Pacific. Our preliminary results contribute to an improved understanding o
the expansion of tropical and subtropical climates during the Cretaceous cooling and Paleogene warming events. We will als
discuss the paleobioprovince and paleoclimate at high latitudes in the southern Pacific during the Cretaceous.

Steinberger, B., and Antretter, M., 2006. Conduit diameter and buoyant rising speed of mantle plumes: implications for the
motion of hot spots and shape of plume conduits. Geochem., Geophys., Geosyst., 7(11):Q11018.

O0000:LouisvileODODO,000,000
Keywords: Louisville Seamount Trail, Cretaceous, Limestone



Japan Geoscience Union Meeting 2011 d
(May 22-27 2011 at Makuhari, Chiba, Japan) J

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
JU““’“
BPT024-10 00:201B 0050 220 16:45-17:00

Jofdofdodogooooooogooooooooo _
Radiolarian faunal turnover across the middle/late Eocene boundary at ODP Site 1052
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study: Example of planktonic foram
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Geographic division and cryptic speciation of planktic foraminifer in the Indo-Pacific

Warm Pool
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The Indo-Pacific Warm Pool (IPWP) has strong correlation with the tropical climate change and oceanic circulation system due
to its largest heat capacity on the Earth. This area is a key to document the presence of the boundary for the dispersal of maril
organisms, though no study from zooplankt&u/leniatina obliquiloculatas the most representative species of tropical water,
in particular, the IPWP and the surface currents originated from this area. We examined the phylogeograph¥qfiloculata
by using 893 single cell samples collected from the world oceans; Pacific, Indian, and Atlantic Oceans. The phylogenetic anal
ysis of the partial Small Subunit ribosomal DNA (SSU rDNA) sequences clearly shows the occurrences of three genetic type:
(Types | to 111) with specific biogeographic distributions. Type | is commonly found in temperate water area of the world oceans,
whereas Type |l is found along the South Equatorial Current in the Pacific and Type lll is between tropical and subtropical
area of the northwestern Pacific. The geographic distributions of Types Il and Ill were separated in the boundary to disperse
of pelagic zooplankton between the Indian and Pacific sides of the IPWP. Moreover, the divergence time estimation of thes
genetic types correlated to the development of modern IPWP system. Type | and others diverged around 4.2 Ma, when mot
Pacific gyre system was reconstructed due to the Panama Isthmus closure. Types Il and Il branched around 2.6 Ma accordil
to the closure of the Indonesian Seaway. These physical boundaries divided water masses and provided thick mixed layer, whe
P. obliquiloculatainvaded as new habitats. Thus, the diversification of pelagic zooplankton could be influenced by the marine
environmental change leading the marine boundary.
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Molecular evolution of the shell matrix protein Aspein in pterioid bivalves
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Acidic shell matrix proteins are likely to have many important functions for shell precipitation. Aspein is one of the unusually
acidic shell matrix proteins identified from the mantle tissue of the pearl oifitertada fucataAspein is inferred to have im-
portant roles in the calcite formation in the prismatic layer. In this study, we identified Aspein homologues from a congeneric
speciesPinctada maximaas well as from two closely related pterioid sped&smgnomon pernand Pteria penguinThe results
of immunoassay showed that they exist in the calcitic prismatic shell layer but not in the aragonitic nacreous shell layer. The SEI
(Ser-Glu-Pro) motif and the DA (Asp-Ala) repeat motif were conserved among these Aspeins, suggesting that those motifs ar
functionally important. The high proportion of Asp and Gly in D domain, which is believed to ha¥e lading capacity, is
also conserved, suggesting that this feature is important for the function of D domain. However, other features of the primary
structure of Aspeins showed a significantly high level of variation among very closely related species, suggesting that any specifi
sequences as template for nucleation are not required for the function of acidic shell matrix proteins.
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