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Ecological and morphological analysis of radiolarians based on laboratory culture and X

ray micro-CT technology
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Living radiolarian researches have provided us with fundamental data on radiolarian ecology including feeding behavior,
symbiosis, and parasitism. These researches together with detailed morphological analysis are expected to expand our und
standings of past pelagic environments. Detailed observations of feeding behavior of laboratory cultured radiolarian specimen
make it possible to understand the relationship between skeletal morphology and feeding behavior. Four types of feeding strate
well correspond to skeletal morphology in extant radiolarian taxa. High diversity of radiolarian skeletal morphology is partly
related to having a variation in feeding strategies. The wide variation in feeding behavior means that radiolarians occupy sever:
kinds of ecological niches in marine environments. We can infer feeding behavior of extinct radiolarian group based on their
skeletal morphology. Once we recognize the role of radiolarians in food web in the modem ocean environments, we can apply |
to reconstruct marine ecosystem in the past. Fluctuation in morphological diversity of radiolarian skeletons is well documented ir
fossil records. This fluctuation can be interpreted as change in the number of ecological niches in the marine eco-system throug
time. Recently developed X-ray micro-CT and layered manufacturing technology is essential for detailed morphological analysis
of radiolarian skeletons.
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First record of Late Jurassic radiolarians from eastern Heilongjiang Province, NE China
First record of Late Jurassic radiolarians from eastern Heilongjiang Province, NE China
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The early study of the Nadanhada geology began in 1930s by Japanese geologists (Yabe and Ohki, 1957). In 1957 Chine
and Russian scientists made joint geological research in the Ussuri River region, and confirmed the occurrence of Upper Triassi
Lower and Middle Jurassic rocks on the basis of fossil evidence (Wang, 1959), and they came to the conclusion that the Mesozo
mobile belt developed from a geosyncline in the northeastern continental margin of East Asia.

Based on fossil records of Late Palaeozoic fusulinids the Nadanhada Range was considered as a Palaeozoic geosyncline wh
extends from the northeast Sikhote-Alin region (Li et al., 1979). But the sporadical and irregular distribution of rock formations
with various age fossils (Carboniferous and Permian fusulinids in limestone, Triassic conodonts in bedded chert, Triassic, Earl
and Middle Jurassic radiolarians in bedded chert and siliceous shale and Late Jurassic to Early CretaceousBiindies, a
fauna), strongly suggest the melange characters of the Nadanhada geology. It together with the Mino and Western Sikhote-Al
terranes formed a single superterrane before the opening of the Japan Sea (Kojima, 1989).

Recent studies showed that the Dajiashan Formation, cropping out in the Zhenbaodao-Dajiashan area, southern Nadanh:e
Terrane, yields a middle-late Early Cretacedusellina Fauna (Wang et al., 1995). Furthermore, the purported Early Jurassic
ammonites of the Dajiashan Formation (Li, 1996) are also similar to those éfsbedohoplocerasmmonite fauna from the
Lower Cretaceous Longzhaogou Group. All these sparked an interest in restudying the palaeontology and biostratigraphy of tt
Dajiashan Formation and its underlying deposits.

Well preserved Middle-Late Jurassic radiolarian faunas are encountered in four samples from the black mudstone of the Da
inggiao Formation, which was originally dated to Late Triassic-Early Jurassic by the Gological Survey of Heilongjiang Province
of China. These radiolarian faunas consist of 45 species and subspecies in 28 genera and are assigned to two radiolarian zor
i.e. the Middle Jurassic (late Bathonian to early Callovi&tjatojaponocapsa conexane and the Late Jurassic (Kimmerid-
gian) Hsuum maxwelliZone. The new fossil record of Late Jurassic radiolarians makes it possible to reconstruct the geological
history of the Nadanhada Range in northeastern China.
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Temporal and spatial variation in growth rates of Fe-Mn crusts from the #5 Takuyo Smt
using osmium isotope compositions
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A ferromanganese crust (Fe-Mn crust) records geochemical information of ambient seawater and is known as a useful materi
for deciphering the paleocean environmental changes throughout the Cenozoic period (e.g., Klemm et al., 2005; Burton, 2006
Based on the osmium (Os) isotope stratigraphy, recent studies proposed that a growth rate of the Fe-Mn crust was changed s
nificantly and that its variation in the growth rate was attributable to global ocean environmental changes (Klemm et al., 2005;
Li et al., 2008; Meng et al., 2008). However, due to the lack of detailed studies constraining the temporal and spatial variation:
in the growth rate of Fe-Mn crusts, the linkage between their growth rates and marine conditions is still poorly understood.

Here, we report the temporal and depth variations in the growth rate of Fe-Mn crusts on the basis of the Os isotope compc
sition. Our samples were collected systematically from the Takuyo Daigo Seamount (#5 Takuyo Smt) by ROV Hyper Dolphin
/ RV Natsushima (NT09-02 Leg.2 cruise) with manipulator and underwater diamond saw. The Os isotope compositions of two
Fe-Mn crust samples collected from 1440 and 2987 mbsl exhibit a similar trend and their values are almost the same as tt
seawater Os isotope record from present to 12 Ma, demonstrating that the growth rates of Fe-Mn crusts from the #5 Takuyo Sn
are constant regardless of sea depth. This is consistent with the growth rate determined by the Be-10 dating method. However,
the older part (bottom part in the side of basement rock) of Fe-Mn crust collected from 1440 mbsl, the Os isotope composition:
have a large deviation from the seawater Os isotope record. Moreover, the Fe-Mn crust collected from 2987 mbsl totally lack:
the section older than 12 Ma. These results suggest that (1) the existence of the growth hiatus older than 12 Ma, recognized
the previous studies (Klemm et al., 2005; Li et al., 2008; Meng et al., 2008) or (2) the bottom part of Fe-Mn crust older than 12
Ma at 2987 mbsl was simply eroded and disappeared by land slide of the #5 Takuyo Smt.

The present study is the first attempt to comprehend the spatial/depth variation in the growth rate of Fe-Mn crusts using
the Os isotope stratigraphy. It is turned out that the growth rate of Fe-Mn crusts collected from different depth is constant anc
sedimentary age determined by Os isotope composition is consistent with that of the Be-10 dating method. In the future researc
we will conduct the Os isotope geochronology to various Fe-Mn crust samples from various localities and elucidate whether ol
not the growth hiatus is related with the global ocean environmental changes.
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Deciphering the chemical evolution of the Cenozoic seawater using ferromanganese cru
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We report the secular variation in the Os concentration and isotope ratio from the Middle Miocene to present using Fe-Mn
crust samples collected from the Takuyo Daigo Seamount. Both the Os/Fe ratio and Os isotope ratio increased exponential
toward present. Based on the flux calculation using a simple box model, these increase tendencies can be almost explained
the increase of riverine Os flux to the ocean and the present seawater Os mass is estimated to be ca. 1.85 times the size of t
in 10 Ma. Therefore, the seawater Os mass may not be constant through the Earth history and a Fe-Mn crust is one of the mc
appropriate materials to unravel the chemical evolution of the paleo-seawater.
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Causal linkages between massive volcanic events and extreme climatic events have long been discussed. However, little I
been understood about the mechanisms of these linkages. Recent developments of heavy metal isotope analyses such as lead
and osmium (Os) enable us to reconstruct detailed volcanic events from marine sedimentary records. Based on these isotoj
records, we have investigated temporal relationship between massive volcanic events associated with large igneous provinc
(LIPs) and Mesozoic extreme events such as Triassic-Jurassic mass extinction, and mid-Cretaceous Oceanic Anoxic Ever
(OAESs). We present an overview of our recent works on 1) end-Triassic mass extinction (200 Ma), 2) Early Aptian OAE-1a (120
Ma) and 3) end-Cenomanian OAE-2 (94 Ma) and their linkages with Central Atlantic Magmatic Province, Ontong Java Plateau
and Caribbean/Madagascar LIPs, respectively.

Marine sediments deposited across the early Aptian OAE-1a show two prominent negative shifts of seawater osmium isotopi
ratios, suggesting duplicate inputs of unradiogenic osmium from the mantle. The lead isotopic record suggests that the main pz
of the Ontong Java Plateau was formed by deep submarine eruptions. On the other hand, marine sediments deposited across
end-Cenomanian OAE-2 interval indicate an abrupt shift of Pb isotopic ratios, suggesting an increased supply of volcanic Pb vi
subaerial eruption. Our data indicate strong consistency between magmatic events and extreme climatic events for both OAE-:
and OAE-2, although the eruption processes differ. A more precise discussion of the causal mechanisms between these eve
will be presented in the near future.
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Integrated Ocean Drilling Program Expedition 320/321 Pacific Equatorial Age Transect (PEAT | and Il) was carried out to
recover complete paleoceanographic recored in the Eastern equatorial Pacific during Cenozoic. Especially clarifying accumule
tions of biogenic carbonates and carbonate compensation depth (CCD) fluctuations were one of the highest priorities in thes
expeditions. The cruise we attended (PEAT Il) were recovered cores from two locations (Sites 1337 and 1338) to understandin
equatorial paleoceanography since middle Miocene in the Pacific. In this study, we performed geochemical analysis in order t
reveal the bottom water hydrography in the eastern Equatorial Pacific from the middle Miocene to Holocene.

The cores U1337 and U1338 were pelagic sediments composed of calcareous chalk with laminated diatom bulbs. Inorgan
carbon (IC) and total organic carbon (TOC) was analyzed shipboard using coulometry and CHN analyzer. IC contents of core
was 0-99% and 30-90 % through the cores in U1337 and U1338, respectively and indicated mostly good preservation of calciur
carbonates. On the other hand, the carbonate crash representing anomalous decreasing of carbonate accumulation was dete
both sites at Middle-Late Miocene (ca. 11-9 Ma), and it affected more strongly in U1337 rather than U1338. TOC contents
was mostly very low ("0.1 %) through both cores but showed 0.3 - 0.5 % in some layers that were indicated laminated diaton
concentrated layers. It suggested that frequent productivity changes had occurred during middle - late Miocene.

Trace metal analysis was performed for benthic foraminifers in core U1338 to understand deepwater temperatures and othi
geochemical properties. Cibicidoides mundulus and Oridorsalis umbonatus were used for Mg, Sr, Mn/Ca analysis. Mg/Ca showe
that 0.4 - 1.5 mmmol/mol through the core. This fluctuation showed similar trend with global d180O fluctuations of benthic
foraminifera. It suggests that bottom water temperature was affected with global climate changes related to ice volume effects.
Keywords: PEAT, Eastern equatorial Pacific, Middle Miocene, CCD, benthic foraminifera, bottom water circulation
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Lithostratigraphy and radiolarian age of the Upper Cretaceous Suhaylah Formation of th
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Late Cretaceous pelagic sedimentary rocks on the extrusive rocks of the Oman Ophiolit
and their radiolarian age
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The Oman ophiolite, a member of the Tethyan ophiolites, crops out over 600 km long and up to 150 km wide in the Oman
Mountains. The ophiolite suite consists of mantle peridotites, gabbros, a sheeted dyke complex, and extrusive lavas overlain t
pelagic sediments. The basaltic rocks have been subdivided into three volcanic units: the V1 lava with the N-MORB signature
the V2 lava formed by intra-oceanic volcanism, and the V3 lava generated by intra-plate seamount magmatism (Ernewein et al
1998). Pelagic sediments with metalliferous sediments (umber) commonly occur at the boundaries between these volcanic uni
We are now reinvestigating radiolarian biostratigraphy of the pelagic sediments, and here we present newly-obtained Turonia
radiolarians from micritic limestone overlying the V2 lava.

Radiolarian study for the micritic limestone was conducted in "South of Wadi Hilti” section, located in an area about 40 km
west of Sohar. At this section, the radiolarian-bearing micrites with a total thickness of 6 m conformably overlie the uppermost
part of the V2 lava. In this section, basaltic rocks of the V3 lava thrust over the micrite. The micritic limestone is thinly bedded (3
to 5 cm thick) and light brown in color in the lower part and red in the upper part. Numerous radiolarian shells can be observed
in the muddy matrix of micrite but they are commonly calcified. Total 11 samples were collected from this section for radiolar-
ian biostratigraphic analyses. Well-preserved radiolarians were recovered from two samples of red micrite. From these sample
we recoveredictyomitra formosaSquinabol,Pseudotheocampe tir{&oreman) Amphipyndax stock{Campbell and Clark),
Myllocercion sp., andRhopalosyringium scissum@’'Dogherty. According to O’Dogherty (1994), the first appearance? ¢ha
andR. scissumare near the base of Turonian. Thus, these radiolarians are assignable to early Turonian or slightly younger age

Very recently, the details of volcanostratigraphy and geochemical features for the upper part of the V2 lava including boninite
are becoming clearer (S. Miyashita, pers. comm.). Compilation of the present result, in combination with the volcanostratigra-
phy and future reinvestigation of radiolarian biostratigraphy across a much wider area, will provide essential information on age
constraints and formation process of the Oman ophiolite.
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