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Carbon cycle and bio-diversity change during the Cretaceous
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January 26 (Wednesday)

HIRANO, Hiromichi 9:00-9:10 Opening address: Beginning of IGCP434: Land-ocean interactions of carbon cycle and  bio-
diversity change during the Cretaceous in Asia.
OKADA, Hakuyu 9:10-9:25 The Legacy of IGCP 350.

Symposium I.  Tectonics and Environments

ANDO, Hisao 9:30-9:45 Upper Cretaceous shallow-marine sedimentary sequences in Northeast Japan: as an indicator of
environmental changes during Late Cretaceous in Far East Asia.

ISHIDA, Keisuke 9:50-10:05 Provenance of radiolaria-bearing gravels in Lower Cretaceous Monobegawa Group, Shikoku: as
tracers for the orogenic erosional event.

SAKAI, Takashi, OKADA, Hakuyu, and OTA, Toru 10:10-10:25 Tectonics, sedimentation and eustasy of the Jurassic and
Cretaceous Systems in SW Japan.

Tea Break 10:30-10:45

CHANG, Ki-Hong and PARK, Sun-Ok  10:45-11:05  Late Mesozoic stratigraphic synthesis of Korean Peninsula with special
reference to Koguryo Magmatic Province.

KIRILLOVA, GL. 11:10-11:30 Cretaceous Tectonics and Environments in Eastern Russia.

YUMUL, G P. Jr, DIMALANTA, C. B,, FAUSTINO, D. V., BARRETTO, J. L., DE JESUS, J. V., MARQUEZ, E. J., QUEANO, K.
L., JIMENEZ, F. A. Jr, ANDAL, E. S. 11:35-11:55 Southeast Bohol Ophiolite Complex: A Cretaceous supra-subduction
zone marginal basin ophiolite.

MARQUEZ, Edanjarto J,QUEANO, Karlo L. and YUMUL, Graciano P. Jr.  12:00-12:20 Sedimentological study of the
Bonagbonag Limestone, Catanduanes, Philippines: A fook into the Late Cretaceous depositional episode of the Southeast Luzon
Basin.

Lunch 12:25-14:00

NGHINH, Le Thi and KHUC, Vu  14:00-14:20  Facial characteristics and material composition of the Upper Cretaceous red beds
in northwestern Vietnam.

TIEN, Phancu  14:25-14:45 Cretaceous formations of Indochina.

TANDON, S.K.  14:50-15: 10 Palacoenvironments of Late Cretaceous sequences of Central India.

SHRIVASTAVA, J.P. 15:15-15:35 Clay mineralogy of Ir bearing Anjar intertrappeans, Kutch, Gujarat, India: inferences on
palaeoenvironment.
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Tea Break 15:40-15:55

Symposium II. Biodiversity changes of marine organisms

JOHNSON, Claudia C. 15:55-16:25 Cretaceous shallow-water marine biota and carbonates, paleoceanography, and ocean heat
transport.

AYYASAML K. and ANANTHARAMAN, S. 16:30-16:50 Correlation of Cretaceous non-marine and marine sequences of
Tamil Nadu and Pondicherry, India.

KONDO, Yasuo 16:55-17:10 Aspects of palececological and evolutionary changes in bivalvesin  the Cretaceous of Japan: a
reconsideration from the viewpoint of life habit and habitat.

KOZAI, Takeshi and ISHIDA, Keisuke 17:15-17:30 Stratigraphy and faunal associations of the Lower Cretaceous Monobegawa
Group, East and Central Shikoku, Japan.

Januray 27 (Thursday)

Symposium III. Biodiversity changes of terrestrial organisms

SAIKI, Ken’ichi 9:30-9:45 Paleofloristic studies of the Cretaceous in East Asia.

NICHOLS, D.J. 9:50-10:20 Biodiversity change in Cretaceous palynofloras of Eastern Asia and Western North America.

YANG, Seong-Young 10:25-10:45 Cretaceous Nonmarine Vertebrates of Gyeongsang Group, Korea.

CHEN, Pei-ji ~ 10:30-11:10  Jehol biota and nonmarine Jurc-Cretaceous boundary of northern China.

MEESOOK, Assanee, TEERARUNGSIGUL, Naramase and WONGPRAYOON, Terapon 11:15-11:35 Jurassic-Cretaceous
lithostratigraphy and bivalves of peninsular Thailand.

SAHNI, Ashok 11:40-12:00 Biodiversity during the Deccan Volcanic eruptive episode.

Lunch, Poster Session, and Free Time

Core Time of the Poster Session: 13:00-14:30

ANDO, Atsushi, SAITO, Tsunemasa, KAKEGAWA, Takeshi and KATHO, Kunio: Aptian carbon-isotope stratigraphy based on
terrestrial organic carbon: data from the Cretaceous Sorachi and Yezo Groups in Hokkaido, northern Japan.

TAKAHASHI, Kazuharu and HIRANOQ, Hiromichi: Oceanic Anoxic Event in the middle Albian of the Lower Yezo Group,
Hokkaido, Japan.

MITSUGI, Tokuji, SHIMIZU, Kohtaro, TAKEDA, Ippei, TAKAHASHL, Akinori, SATOH, Takashi, TAKAHASHI, Kazuharu and
HIRANO, Hiromichi: Mid-Cretaceous radiolarian biostratigraphy and geochemistry: A case study from the Yezo Supergroup,
northern Japan.

VOLYNETS, Elena B.: Early Cretaceous megafossil tlora of North-Western Primorye and its significance for biostratigraphy.

HAGGART, James W.:Stratigraphic framework of Cretaceous deposits along Pacific coast of Canada.
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Beginning of IGCP 434: Land-ocean interactions of carbon cycle and bio-diversity
change during the Cretaceous in Asia

Hiromichi HIRANO
Department of Earth Sciences, School of Education, Waseda University,
Shinjuku, Tokyo 169-8050 E-mail: hhirano@mn.waseda.ac.jp

The Cretaceous Period has various names, e.g.. Greenhouse age, High sea level age. age
of frequent OAEs, age of superchron, beginning of Cacnophytic Era. and end of dinosaur
age, which characterize the age in cach scientific disciplinary point of view. It means that
major changes of global environments and bio-diversity occurred in Cretaceous Period. Tt
is indispensable to clarify the causality between these phenomena tor the sustainable
development of human beings on this earth.

As the Pacific Occan occupied a larger ratio of the global surface area than those of the
Atlantic and the Tethys in the age, it is indispensable to rescarch various changes
palacoccanographically as well as palacontologically in order to understand the changes of
the global palacocnvironment and palacobio-diversity.  The Asian Continent also occupicd
a large ratio of the area in the age.  Numcrous dinosaurs were discovered in the Asian
Continent in the last two decades.  The ancestor of angiosperm may be discovered in the
Asian Continent.  More detailed survey of the historical geology for the Asia is
increasingly important as well as age-corrclation.

For the geochronological correlation of non-marine deposits, stable carbon isotope
stratigraphy among various disciplines of chemostratigraphy would be the best candidate.
It is necessary 1o choose some potential sections among the non-marine Cretaccous in the
Asia in the early stage of this projcct. It is desired to obtain various kinds of information,
c.g., palacontology. sedimentology. stratigraphy, tectonics and so on, trom the sclected
sections as well the stable carbon isotopic curve. In prior to, or in parallel with these
rescarches, of course, stable carbon isotopic stratigraphy for the marine deposits must be
cstablished.  Such studies on the land sections in the Northwestern Pacific Region have
been brought into eftect, especially for the sediments of the Cretaceous Yezo Forcare Basin.

The study of stable carbon isotope is very important not only to understand the
Cretaceous as Greenhousc age in terms of global carbon cycle but also to obtain forecast 1o
the global warming which we human beings are confronted with.

In the First International Symposium of IGCP 434, more than twenty papers from morc
than eleven countries arc contributed. [ wish this symposium brings fruitful results.
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Data base and species diversity of the Japanese Cretaceous ammonoids

Seiichi TOSHIMITSU*, Hiromichi HIRANO**, Takayuki MATSUMOTO**,
and Kazuharu TAKAHASHI**
*Geological Survey of Japan, Tsukuba, 305-8567
**Waseda University, Shinjuku, Tokyo, 169-8050

Ammonoids are known to have been intluenced by the environmental changes, for
which the term bioseismometer was introduced by House (1989). We would be able to
expect to clarify the ecnvironmental changes of Japan and the Northwestern Pacilic as well
through the study ol ammonoids. Thercupon, we have surveyed records of all Cretaccous
ammonoid species (greater than 900) from Japan in order to analyze the species diversity
changes of the Japanese Cretaceous ammonoids.  Dctailed analysis is carricd out by Hirano
et al. (in press), and more details will be donc by T. M.

Japanese Cretaceous ammonoids consist of threc orders, that is, Phylloceratina (1 family,
8 genera, 24 species), Lytoceratina (30 families, about 250 genera, more than 600 species).
and Ancyloceratina (18 tamilies, about 100 genera. more than 250 specics).

In Japan, 29 substages were used for the Cretaceous (e.g., Matsumoto et al., 1982) in
addition to the European standard stages and substages. We have revised them to 31
"substages" with respect to recent advanced biostratigraphic data (e.g., Toshimitsu et al.,
1995). The analysis of the specics diversity change for more than 900 Japancse Cretaccous
ammonoids shows high diversity in the lower Barremian, upper Aptian, upper Albian,
middle and upper Turonian, middle Coniacian and Santonian Stages with the highest
diversity in the upper Albian Substage. In particular, the number of late Albian ammonoid
species is more than 90. The minima occur in lower Aptian, middle Albian, upper
Cenomanian, and probably lower Coniacian Substages. The analysis also shows that the
diversity increased comparatively rapidly and decrcased slowly. In the Upper Cretaceous,
diversity decreased after the peak in the Santonian. The number of latest Maastrichtian
ammonoid specics is only five. Diversity of early Cretaceous (Berriasian, Valanginian and
Hauterivian) ammonoids is as low as the end of Cretaceous in Japan.

Three oceanic anoxic events during Cretaceous are recognized as OAE 1 to 3 (e.g.,
Erbacher & Thurow, 1997). The Lower Cretaceous OAE 1 is divided into tour subevents,
OAE 1lato 1d (e.g.. Jenkyns, 1976). These OAE events and subevents are also recognized
in the Japanese Cretaceous (e.g., Hirano et al., 1991; Hirano & Fukuju, 1997; Hirano el al.,
1999). Among them. OAE 1la is correlated with the uppermost Barremian to the
lowcrmost Aptian, OAE 1b with the lower Albian. OAE 1c¢ with the middle of the middle
Albian, OAE 1d with the upper of the middle Albian, OAE 2 with the uppermost
Ccnomanian to the lowermost Turonian, and OAE 3 with the lower Coniacian.

The above mentioned minima on the Cretaccous ammonoid specics diversity are
concordant with OAE 1la. (1b-)1¢, 2, and 3. Although, at the time of OAE 1d, the species



diversity is the highest in the Cretaceous, it is apparent in field observations that this is due
to the lower biostratigraphic resolution of this age in Japan.
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Planktonic foramniniferal zonation in the Cretaccous Yezo Group,
Central Hokkaido, Japan.

Hiroshi NISHI*, Reishi TAKASHIMA**, Takayuki HATSUGAT***,
and Tsunemasa SAITO****
* Kyushu Univ., Fukuoka, 810-8560, **Tohoku Univ., Sendai, 980-8578,
***(Geo Planning Co., ¥****c/o Tohoku Univ.

The mudstone of the Yezo Group exposed in the Central Hokkaido arca yiclded
abundant microfossils of calcareous nannofossils, foraminifers, radiolarians  and
dinoflagellates.  Concerning  foraminifers,  benthic  foraminifers  consisting  of - both
agglutinated and calcarcous specics occurred abundantly and consistently throughout the
scquence, while specimens of planktonic foraminifers arc generally tewer than benthics in
all samples. In present, we can establish the following 14 planktonic toraminifcral zones
assigning 1o the late Aptian to uppermost Santonian (or carly Campanian) in the Oyubari
and Haboro areas; 1)‘Gorbachikella™ kugleri. 2) Globigerinelloides ferreolensis, 3)
Ticinella primula. 4) Biticinella breggiensis, S5) Favusclla washitensis, 6) Rotalipora
appenninica, 7) Rotalipora brotzeni. 8) Praeglobotruncana stephani. 9) Whiteinella baltica.
10)  Helvetoglobotruncana  helvetica, 11y Marginotruncana  pseudolinneiana, 12)
Marginotruncana sinuosa, 13) Contusotruncana fornicata, 14) Globotruncana arcu.

The faunal assemblages of planktonic toraminiters in Hokkaido area lack Dicarinella
concavata. D. asymetrica, and Globotruncanita elevata that are used as tropical zonal
markers in the Tethyan region. Hence, several zones established above are not correlated
completely with standard zoncs published by Caron (1985) and Sliter (1989), particularly in
the ages from Turonian to Santonian. Morcover, several tropical species  of
Globigernelloides algeriana and Planomalina buxtorfi have not been tound in the Albian,
and the abundance of zonal marker species belonging to the genus Rotalipora is rare o few
throughout the Cenomanian interval. The scarcity or lack of tropical zonal species suggests
that the Oyubari and Haboro regions in Hokkaido had been located in the Temperate to
Boreal biogeographical provinces of Cretaceous planktonic foraminifcrs, at least during the

late Cenomanian to Campanian.
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Magnetobiostratigraphic correlation of the Upper Cretaceous systems in the
Northwest Pacific

Kazuto KODAMA
Dept. of Geology, Kochi Univ., Kochi, 780-8520, Japan

A scries of normal and reversed polarity zones have been [ound from the Upper
Cretaccous sedimentary strata in Shikoku and Hokkaido of Japan and south Sakhalin of
Russian Far East. Combined magnctostratigraphic and biostratigraphic corrclations have
enabled us 1o assign these zones to the Late Cretaceous polarity chrons including the
Crctaceous magnetic quiet zonc.

A polarity sequence in the Izumi Group in southwest Japan consists of the lowcrmost
horizon of reversed polarity and a thick succession of normal polarity with two intervening
horizons ot reversed polarity. Based upon previous biostratigraphic age constraints, the
pattern of these polarity zones matches a polarity change trom Chrons 33r through 31r
during the carly Campanian to the carliest Maastrichtian stages.

Thick successions of normal polarity were identified in the Upper Ezo Group in central
Hokkaido and the Buykov Group in south Sakhalin. The normal polarity horizon of the Ezo
Group is overlain by a short reversed horizon, and they yicld abundant fossils of
Ccenomanian to Campanian age. It is thus most likely that the normal polarity can be
assigned to the Cretaceous normal polarity superchron C34n and the overlying reversed
zone assigned to subsequent Chron 33r in the early Campanian. The thick horizon of
normally polarity in south Sakhalin is overlain by at least three zones of reversed polarity,
including Chrons 33r in the carly Campanian and Chrons 32r and 31r in Maastrichtian.

All these reversed polarity chrons have been documented for the first time from the
Cretaceous systems of the Northwest Pacific. The successive record of polarity reversals
and their correlation to taunal assemblages that commonly occur in Northwest Pacific
would provide an integrated reference scheme, which can be of significant use not only to
link local biostratigraphic zonations but to correlate them to the Upper Cretaceous stages in

other stratotype localities.
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Cretaceous Oceanic Anoxic Events and carbon isotopes:
implications for global change.

Hugh JENKYNS
Department of Earth Sciences, University of Oxford
Parks Road, Oxford, OX1 3PR, UK. E-mail: hughj@ecarth.ox.ac.uk

Two major oceanic anoxic events are identified from the Cretaceous stratigraphic
record: the carly Aptian Selli Event (120 Ma) and the Cenomanian-Turonian boundary
Bonarelli Event (93 Ma). These events, whose impact was effectively global (Atlantic,
Pacific, Tethyan and Boreal regions), produced sedimentary records abnormally rich in
marine organic carbon and, locally, radiolarian silica. Both events are stratigraphically
associated with positive carbon-isotope excursions, which are variably recorded in
shallow- and decp-water carbonates, marine and contincntal organic matter.  Hence the
whole of the exchangeable carbon reservoir in the ocean-atmosphere system was affected
by these two cpisodes of excess carbon burial, the duration of which is estimated as less
than half a million years. Other ‘black-shale events’ are known from the Cretaceous
(c.g. late Hautcerivian, Barremian, late Aptian and Albian) but their records are largely
contined to the Atlantic, north European and Tethyan regions and any accompanying
carbon-isotope signals are less pronounced and/or more ambiguous.

Features in common between the Selli and Bonarelli Events include the following: 1)
stratigraphic associations of shelf-sea sediments deposited at these times suggest regional
deepening and trangression; 2) palacotemperaturc indices, such as oxygen-isotope ratios
and palynological trends, suggest climatic optima; 3) strontium-isotope ratios, derived
from coeval fossils and chalks, show a decline to less radiogenic values, implying a
change in the relative inputs of continental and oceanic strontium. The Selli Event was
immediately preceded by a pronounced negative carbon-isotope cxcursion and then
followed by a pronounced positive excursion. In contrast, the Bonarelli Event was
associaled with a broad positive excursion, whose relatively highd '*C valucs were
characteristic of the intervals before, during and after the time of ¢xccess carbon burial.

These associations may be interpreted as follows. The strontium-isotope data are
consistent with increasing rates of sea-tloor spreading and recycling of sca water through

ocean ridges. Such phenomena likely would have been associated with incrcased



venting of carbon dioxide from ridges and subduction zones, hence warming global
climate (greenhouse cffect).  Warmer climates would have increasing continental
weathering and nutrient {lux to the occans and intensified wind-driven upweclling.
Productivity of siliccous and organic-walled plankton would have increased, as would
carbon burial (oceanic anoxic cvent), and carbon dioxide would have been progressively
drawn down (inverse greenhouse effect).  Coincident transgression would have created
increascd volumes of fertile shelf seas and altered regional occanographic dynamics. The
occanic anoxic cvent would have terminated when nutrients were eftectively exhausted,
by which time climatic deterioration would have begun.

Although this model is compatible with cxtant data, an additional ingredient is
necessary to explain the pronounced early Aptian negative carbon-isotope excursion.
Injection of methane from disassociation of gas hydrates, perhaps triggered by global

warming, is one possible explanation for this phenomenon.
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The need for multi-element stratigraphy in investigation of Mid-Cretaceous
Oceanic Anoxic Events: A case study from the Sicrra Madre, northeastern
Mexico

Timothy J. BRALOWER
Geological Sciences Dept., Univ. of N. Carolina, Chapel Hill, NC 27599,
bralower@email.unc.edu

Our current understanding of mid-Cretaceous oceanic anoxic events is largely based
on investigations of pelagic sections from southern Europe and deep sca drilling sites.
Much less information exists {from other continents and from hemipclagic sections
deposited on continental margins. This investigation sccks to  broaden our
understanding of mid-Cretaceous global change by focusing on the record from
hemipclagic sections deposited along the continental margin of northcastern Mexico.
The major goals are to compare the record, timing, and extent of the Occanic Anoxic
Events (OAEs) in Mexico and other areas, and to determine the relationship between
these events and the global burial of organic material using carbon isotopes.  The
presentation will highlight the necessity lor a multi-element stratigraphy in the
investigation ol OAEs, but also some of the difficulties that can result from this
approach.

We have investigated four sections from the Sicrra Madre Oriental, integrating
biostratigraphy, magnctostratigraphy and carbon isotope  stratigraphy.  Carbon
isotopes, measured on the organic carbon (Corg) fraction, show identical stratigraphic
changes to curves from Barremian to lower Albian European and Pacific deep-sea
sections.  Our results add new detail to the C-isotope stratigraphy of the middle and
late Albian interval (Figure 1). Three abrupt peaks in Corg content corrclate with
OAEla (carly Aptian), OAElb (early Albian) and an cvent in the late Aptian
Globigerinclloides algerianus Zone.  All three events are marked by short-term. 0.5-3
per mil decreases in C-isotope values followed by increases of similar magnitude.
The decreases may reflect changes in the type of Corg, the nature of carbon cycling, or
an increase in hydrothermal activity.  The increases in C-isotope values retlect
widespread burial of Corg.  The similar shape of the C-isotope curves in Mexico and
other arcas, and the response of C-isotopes to the OAEs, indicate that the late Aptian
episode was extensive, and that OAEla and OAE1b were global.

The three anoxic cvents appear to correlate with rising relative sea level. OAEla
also corresponds to major changes in nannofossil asscmblages: the well-known
"nannoconid crisis” can be easily recognized in the Mcexican sections.  This event is
characterized by an increase in abundance of nannofossils and foraminilcra in
scdiments, possibly reflecting a decrease in dilution as a result of the rise in relative sca

level.



Our results show that C-isotope stratigraphy can be used to achieve high
stratigraphic resolution in thc Aptian-Albian, but that this technique must be
supplemented with detailed biostratigraphy.
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Figure 1. Carbonate, lotal organic carbon (TOC), and & “*Ccorg stratigraphy of the

Santa Rosa Section.
from Roth (1978).

(1995).

Gaps in the record indicate sampling gaps. Nannofossil zones are

Planktic foraminiferal zones are from Premoli Silva and Sliter

Magnctostratigraphy is after Clement et al. (in prep.).
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Occanic Anoxic Event in the early Albian:
A dysoxic event in the Yezo forearc basin, Northwestern Pacific

Kazuharu TAKAHASHI* and Hiromochi HIRANO**
*Nittetsu Mining Consultants Co., LTD., Minato, Tokyo 105-0021,
**Waseda University, Shinjuku, Tokyo 169-8050

It is reported that some stratigraphic levels of the Aptian to Albian deposits are globally
represented by well-laminated mudstones (OAE 1), which indicate dysoxic to anoxic
environments. In the northern Oyubari area, Hokkaido, the northwestern Pacilic Ocean,
there is a same lithology in several horizons of the same term. In the horizons of such a
lithology, we detected the condensed organic matter and the significant changes of carbon
isotope ratios. Thus, we concluded that there were some anoxic environments. It was also
adovocated that these events of the northwestern Pacific Ocean could be correlated with
OAE 1a-1d of the North Atlantic Ocean. We describe here the more detailed analytical
results for the cvent of the lower Albian (OAE 1b) in the same area.

In the northern Oyubari area, the lowcer Albian deposits are often represented by the
well-laminated dark gray mudstones. We detected many horizons with higher Total Organic
Carbon content (TOC) than 0.5 %, and hydrocarbon content than 0.5mg/g. These organic
carbon contents in the Lower Yezo Group are higher than those in the Middle Yezo Group
that yields many mcga-fossils (ammonoids and inoccramids), radiolaria and planktic
foraminifera. These analyses indicate that dysoxic and/or anoxic conditions occurred in the
basin. We detected that the S2/S3 ratio is more than 30 in many horizons. This ratio is also
higher than that of the Middle Yczo Group. The ratio indicates that the organic type is
preserved in the lower Albian. The V/V+Ni ratio is redox indicator, and is more than 0.60
in the all samples.. These ratios also conformably support the existence of reduced
cnvironment.

In the horizons that the significant change of carbon isotope ratio occurred, the organic
carbon content is also high. The maximum of TOC is 1.52 % and S2 content is 1.97 mg/g.
The AlO3 content decreases in such horizons. We interpret that the changes indicate the
decreased supply of detrital matters by transgression. The significant carbon isotope
changes suggest the increased primary productivity by the transgression. Mega-tossils,
radiolaria and planktic foraminifera are rather rare or absent trom the lower Albian in this
area. This fact suggests some vertical expansion of reduced environments. However, the
major features of OAE 1b is difterent from those ot OAE1c of the same arca in that TS and
the TOC/TS ratio do not indicate the reduced environments. For this reason, it would be
concluded that OAEIb of this areca was not strong anoxic environments, although the
conditions were inhospitable for ammonoids. inoceramids, radiolaria and planktic
foraminifera.
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Paleovegetation and paleoatmospheric P(CO,) levels during the Early Cretaceous:
examples from the Hasandong Formation, Korea and the Shimonoscki Subgroup,
Japan

Yong Il Lee
Department of Geological Sciences, Seoul National University, Scoul 151-742, Korea

Soil carbonates have been known as an important paleocnvironmental indicator of
continental paleoclimatic and vegetation conditions. Abundant pedogenic carbonate
nodules are present in Early Cretaceous nonmarine deposits in Korea and Japan: the
Hasandong Formation and the Shimonoscki Subgroup (Shiohama Formation), respectively.
The geologic age of the Hasandong Formation has been dated as the Hauterivian by the
charophyte study from the underlying strata (Sco. 1985) and of the Shimonoscki Subgroup
as the Aptian to Albian (Kimura et al., 1991). Paleosols are ubiquitous in floodplain
deposits of the Hasandong Formation and in the upper part of the fluvial fining-upward
cycles in a mid- to distal alluvial fan setting of the Shimonoscki Subgroup.

The palcosol horizons consist of cylindrical, rounded or discoidal carbonate nodules
and limestone lenscs.  The carbonate nodules consist of homogencous microcrystalline
calcite and microspar.  Micrite constitutes over 90% ot the volume of the carbonate
nodules, with the remainder being randomly scattered detrital grains. Some nodules contain
septarian crystallaria.

The carbon isotopic compositions of pedogenic carbonates were analyzed to infer the
paleovegetational sctup and to cstimate the partial pressure of atmospheric CO» at the time
of the deposition of the Hasandong Formation and the Shimonoscki Subgroup. The carbon
isotopic composition of the Hasandong carbonates range from -2.4 to -9.3%¢ with an
average of -5.6%o and of the Shimonoseki carbonates range tfrom -5.4%o to -7.7%o with an
average of -6.7%0. These isotopic compositions of pedogenic carbonates from both strata
suggest soils dominated by Cs type of vegetation. The estimated average composition of the
plant CO:s is enriched by about 3-4%o compared with the carbon isotope composition of soil
organic matter formed from Cs plants. This is probably due to an admixture of atmospheric
CO, (8" C=-6.5%v), contributing about 23-24% of the total CO in the soil. The contribution
of atmospheric CO» allows to estimate the partial pressure of CO- in the Early Cretaceous
Hasandong and Shimonoseki atmosphere using the model of Cerling (1992) under certain
assumptions. The palco-PCO: levels of the Hasandong time and the Shimonoscki time are
cstimated to be in the range of 2400-4500 ppmV and 1700-3200 ppmV, respectively. The
finding that paleo-P(CO,) level of the Shimonoseki time is lower than that of the
Hasandong time indicates that the palco-P(COy) level in the atmosphere fell from the Early
Cretaceous high, which is in agrcement with a trend of decreasing COs level in the

paleoatmopshere during the Cretaccous.
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Upper Cretaceous carbon isotope stratigraphy of terrestrial organic matter
from Far East Asia

Takashi HASEGAWA
Department of Earth Sciences, Faculty of Science, Kanazawa University,
Kanazawa, 921-1192 JAPAN

Abstract:  Isotope stratigraphy of terrestrial organic matter examined from Cenomanian ~
Maastrichtian sequences in Hokkaido Island, Japan and Sakhalin Island, Russia has retain
both carbon isotopic fluctuation of atmospheric CO2 and environmental responses of
terrestrial higher plants.

The isotope stratigraphy obtained from five forearc basin sequences recorded major
1sotopic events in the Upper Cretaccous namely positive excursions at the mid-Cenomanian
and Cenomanian/Turonian (C/T) boundary, trough of the upper Turonian, two gentle
positive excursions around the Coniacian and Santonian - lower Campanian and negative
excursion at the mid-Maastrichtian as well as well known carbonate sections. Isotopic
fluctuation of whole CO; in the Ocean/atmosphere system during Late Cretaccous should
have caused these "common” isotopic events observed both in terrestrial organic carbon and
marine carbonate carbon. This suggests carbon isotope stratigraphy can be cmployed as a
tool tor interregional correlation offering stage-level resolution for inland basin sequences.
Even though concordant pattern of isotopic curves, some discrepancies of isotopic curves
are observed between marine carbonate carbon and terrestrial organic carbon. Gradual
negative, instead of positive, shift through the middle-upper Cenomanian, exaggerated
negative "break" on the C/T boundary excursion and dramatic negative shift at the middle
Campanian all observed in the isotopic curves of terrestrial organic carbon cannot be
observed in carbonate. Most plausible explanation for these peculiar teatures on the
terrestrial organic carbon is turnover of plant community and/or significant change of
atmospheric humidity around the provenance of organic carbon. As for the middle
Campanian event, coincidental lithologic turnover from pelagic mudstone 1o volcanic
sandstone-dominant alternation may suggest dramatic shift of the provenance itscll. The
C/T boundary excursion seen in European carbonate carbon is located on an increasing
"baseline"  (so that the event looks like "spike"), however, the "baseline” of the terrestrial
organic carbon shitts across the C/T boundary excursion. It implies isotopic fractionation of
examined terrestrial organic carbon had changed across the C/T boundary reflecting an
environmental change as mentioned above. Some of such isotopic features unrelated with
the carbon isotopic fluctuation of the ocean/atmosphcric CO> may have caused by regional,
but not very local, environmental reconstruction. In such case, the regional carbon isotopic
events of terrestrial organic carbon can also be employed as rcgional markers for

correlation.
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The Cenomanian-Turonian Boundary Event:
a case history about fossil and stable isotope record in western Europe

Marcos A. LAMOLDA
Facultad de Ciencias-UPV, Campus de Lejona, 48940 Lejona, Spain

It is widely accepted now that there was arelatively short-lived, but major
palacoceanographic event in the latest Cenomanian, sometimes referred to as the
Cenomanian-Turonian Boundary Event(CTBE), among other things the CTBE involved (1)
widespread deposition ofsediments enriched in organic carbon, (2) a major positive & Bc
excursion withvalues rising to as much as 2.0-2.5 4 above backgroundlevels, and (3) a
significant faunal turnover.

The Cenomanian-Turonian boundary sections at Dover, Eastbourne, southern England,
and Menoyo, northern Spain are compared; Eastbourne and Menoyo sections are among
thickest outcropsot the CTBE in western Europe. All of them are rhythmic throughout, and
richin macro-, micro- and nanno-tossils. Geochemical and biostratigraphic dataare all
related to detailed (rhythmic) lithostratigraphy, allowing correlation with the global
boundarystratotype section to within 20000 years and accurate estimatcs of rates ofchanges.
The CTBE was initiated by a sharp fall in sea level which producesa subplenus crosion at
both English sections, followed by a gradual recovey over 100000 years to higherlevel in
the latest Cenomanian, as shown by declining rate of accumulation of terrigenous clastics
through the Plenus Marls; a similar trend is foundat Menoyo.

Very detailed stable isotope curves for oxygen and carbonare presented. A very precise
stable isotope stratigraphy, at Eastboune, hasestablished the most detailed & C curve
available, which can be related to both lithostratigraphy and biostratigraphy. This curve
consists of: a pre-excursion background, abuild-up in two phases of rapid increase in$ °C
values separatcd by a trough in bed 4 of the Plenus Marls, a plateau phase from bed 8 of the
Plenus Marls to Meads Marl 6, a recovery phase from Meads Marl 6 to Holywell Marl 3,
and a new post-excursion background thereafter. This curve is well recognized at Dover
and Menoyo, 100.

Key macrolossil bioevents can be recognized and related to the detailed lithostratigraphy,
including all NW European late Cenomanian and early Turonian ammonite zones, the
incoming of inoccramid bivalves of the genus Mytiloides, and several pulse faunal events.
Patterns of occurrence of coarse fraction benthic foraminifera (>250 pum) show two peaks
of extinction corresponding to the two build-up phases of the carbon excursion. Benthic and
planktic foraminifera and calcareous nannofossils all show declines in diversity and
abundance across the CTBE. Key biomarker events tor the CTB include: first occurrences
of the ammonites Fagesia catinus and Mammites nodosoides, the bivalve Mytiloides, the
planktic  foraminitera  Helvetoglobotruncana  praehelvetica, H.  helvetica  and
Marginotruncanarenzi. and the calcarcous nannotossils Quadrumintermedium, Q. gartneri
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and Eprolithus octopetalus. and last occurrences of the ammonite Sciponoceras, the
planktic foraminifera  Rotalipora  greenhornensis and R.  cushmani. the calcareous
nannolossils - Corolithion kennedyi, Axopodorhabdus albianus, Lithraphidites acutus,
Rhagodiscus asper and Microstaurus chiastius. Planktic and benthic foraminifera,
ostracods and calcarcous nannotossils all show signilicant decrease in diversity and
abundance across the CTBE. what is related to a decreasing productivity. Planktic and
benthic foraminifera showsignificant size decrease as well at Eastbourne. The & *C
excursion is the result from increased rates of burial of organic carbon which sequestered
nutrients and causcd the mentionned decline inproductivity. Cyclostratigraphy allows very
precise correlation of isotopic and bio-events with other scctions in Europe and North
Amcrica.
This is a contribution to DGESIC project no. PB95-0505-C02-01, of the Ministry of

Science and Culture, Spain.
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The & *C records from Cenomanian-Turonian passage beds of Gamba, Tibet

Xiaogiao WAN* and Chengshan WANG**
* China University of Geosciences, Xueyaun Lu 29, Beijing 100083, China
E-mail: wanxq@cugb.cdu.cn;
** Chengdu University of Technology, Chengdu 610059, China

Cretaceous is an important period in the geological time. The significant
paleoceanographic changes in mid-Cretaceous is onc of the most important global
geological events. During that time, widespread record of bituminous deposits formed in
Aptian and Cenomanian-Turonian ol southern Tibet. The Cenomanian-Turonian scquence
is composed of a group of Dark shales. It displays anomalous lithological, geochemical and
faunal characters. Planktonic foraminiferal assemblages allow us to characterize the
Rotalipora cushmani, Whiteinella archaeocretacea and llelvetoglobotruncana helvetica
zones. The Cenomanian/Turonian boundary is in the Whiteinella archaeocretacea zonc. &
3¢ valucs have been measured from the Gangba Section of southern Tibet, and positive
excursion oceurs in the upper part ot the W. archaeocretacea zone. The maximum value is
2.738%, (Fig.1).

In response of geochemistry. the correlation of the & C spike and well-dated
oceurrence of layers rich in organic carbon indicate that the intense orgC burial took place
during the latest Cenomanian-carliest Turonian. The positive & °C excursion effects the
burial of total dissolved carbon. The shape of the & C curve suggests that rates of orgC
burial gradually increased in the lower part of the Late Cenomanian and more rapidly in the
uppermost Cenomanian. and rcach the peak value at the Cenomanian/Turonian boundary

s o] 4 0 1310 2 3 during the maximum orgC l?urial interval. Another peak
M & g ——— *— = occurs ncar the boundary of W. archaeocretacea and H.
% é B | 1604 helvetica zoncs. The § '*C values decreased in the
E (Z) - o, Turonian. It rellects decreasing rates of orgC burial
— % = following the Cenomanian-Turonian paleoceanographic
5 7"‘ § 120- event as well as the probable oxidation and return of
® .g 100 significant amounts of orgC to the oceans.
| ucgf ‘ Z § ol Like those in Tibet. the changes in& *C value and
| o g % " orgC content occurred in the major oceans of the world.
g g § so] The ' st'rengt.h, gl(:Eml 'dlstribullon, and stratigraphic
4 E 40/ restriction of the § C signal discussed above is taken as
§ Ol § | 50 a strong evidence of global orgC burial, although this is
EH not intended to imply that the entire, global occanic
%} Oml

water column was anoxic at any onc moment in time,
v 13 B e
Fig.1 & 7C curve from C/T boundary
of the Gamba Section, Tibet
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The Coniacian-Santonian boundary at the Olazagut’a Quarry, northern Spain:
biocvents, biostratigraphy and stable isotope record

Marcos A. LAMOLDA, Mihaela C. MELINTE and Christopher R.C. PAUL
*Fac. Ciencias-Universidad del Pa’s Vasco, **Institutul Geological Romnici,
***University of Liverpool

The quarry at Olazagutia, northern Spain, cxposes a thick, continuous section across the
Coniacian-Santonian  boundary in richly fossiliferous, almost uniform, marly-chalk
sediments. The section measured and sample dextends trom approximately 19 m below, to
19 m above the boundary as indicated by the first appearance of Cladoceramus
undulatoplicatus (Rocmer) Stable isotope samples were taken at approximately 1 m
intervals; micro- and nanno-fossil samples approximately every 2 m.

For stable isotope analyses samples were dried overnight, powdered and 3 mg
subsamples were uscd were roasted in a low pressure plasmaoven for four hours 10 remove
organic matter. Gascous CO: was released by reacting the powder with 2 ml anhydrous
100% orthophosphoric acid in a constant temperature bath at 50°C for at lcast three hours.
An acid fractionation factor of 1.00928 was used. Samples were calibrated using NBS 19
and are cxpressed as per mil (%o) variation relative to the VPDB standard. Sample
reproducibilities arc better than 0.1 %o for both oxygen and carbon.

Both nannofossils and microfossils (foraminifera) were prepared following standard
semiquantitative procedures, c.g., nannofossilssmear-slides were mounted with Canada
balsam and analyzed with a polarizinglight-microscope at 1600 X magnification.
Semiquantitative analysis was performed by counting 250-300 specimens on cach slide, in
a longitudinal transverse. Nannofloral preservation is moderate to good. Only a few
specimens showed evidence of overgrowth and/or dissolution. so specitic identification was
not signiticantly hindcred. Assemblages are diverse with between 45-55 taxa.

A preliminary study of the calcareous nannofossil and planktonic foraminiferal
assemblages (Lamolda et al., in press) allows us to locate the boundary, defined by the first
occurrence (FO) of Cladoceramus undulatoplicatus (Roemer), very close to bascs of both
the Dicarinellaasymetrica and Sigalia carpatica planktonic foraminiferal biozones The
successive scquence of bioevents: FO of Lithastrinus grillii Stradner, FO of Calculites
ovalis-obscurus, common FO of Miculaconcava (Stradner) Bukry, FO of D. asymetrica
(Sigal), FO ot S. carputica Sala) & Samuel, and FO of Arkhangelskiella etmophora Bukry.
characterize the Coniacian-Santonian transition. In particular, at Olazagutia the FO of C.
undulatoplicatus occurs between the underlying FOs of C. ovalis-obstusus, 1. grillii and
Lucianorhabdus c¢x gr. cayeuxii. and the overlying FO of the planktonic toraminifera D.
asymetrica.

Carbon isotope values show a gradual and continuous decline through the sampled
interval trom a maximum of +3.05%o (sample 2) to +2.68%o (samplc 45), with one or two
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slight fluctuations. In particular, there is a relatively large drop trom 2.98%o to 2.71%0 over
four samples just below the first appearance of Cladoceramus undulatoplicatus. Above this
level values increase again to 2.91%o over the next four samples.

Oxygen values range from -2.26 to -2.84%o over the same interval and also show a weak
trend to more negative values up section. There is a signiticantly more negative value just
below the first appcarance of Cladoceramus undulatoplicatus and the most negative value
of all six samples higher up, but both arce of little significance.

Jenkyns ct al. (1994) published long term stable isotope curves tor the Upper Cretaccous
of southern England and Italy. These arc probably the best-published curves with which to
compare our results. In England carbon isotope values decline tfrom a peak in the Mid
Coniacian to a minimum near the mid Santonian, with one or two bricfreversals. Similarly.
in Italy carbon values decline through the sameinterval, but show a more marked drop
adjacent to the Coniacian-Santonian boundary as inferred on macrofossils. (The boundary
inferred from microfossils is signiticantly lower down). Jenkyns ct al. (1994, fig. 11) used
smooth carbon isotope curves to suggest the best correlation between Britain and Italy. This
correlation shows a decline in carbon values across the C-S boundary.

Oxygen isotope curves for both England and Italy ar¢ much more OnoisyO and show an
overall trend to slightly less negative values across the Coniacian-Santonian boundary. The
fluctuations and diftercnces in trends arc probably duc to oxygen isotope values being
much more casily attected by diagenesis than carbon isotope valuces (Marshall, 1992).

Overall, carbon and oxygen stable isotopes do not show a significant excursion which
can be used uncquivocally to identity the Coniacian-Santonian boundary. Nevertheless, the
broad trend in carbon values is consistent with results tfrom southern England and Italy. and
smoothed carbon isotopes curves can be used to aid correlation, as Jenkyns et al. (1994)
have demonstrated. Used in conjunction with biostratigraphic data (Lamolda, ct al. in press),
carbon isotope curves help refine global correlation.

This is a contribution to DGESIC project no. PB95-0505-C02-01. of the Ministry of

Science and Culture, Spain.
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Evolution of reef biota from Cretaceous to present in relation to carbon cycle

Toru NAKAMORI and Yasufumi IRYU
Tohoku University, Sendai, 980-8578, Japan

Changes in reef biota from Cretaceous to present is one of the most representative
examples ol sccular changes in the Phancrozoic macro-fauna from the greenhouse to
icehouse Earth. Microbial deposits, such as stromatolites, oncoids, and "algal" laminites
were common in the Early Cretaceous, when carbonates might be precipitated on within
bacterial shcathes. The next stage, characterized by a flourish of rudist reef, commenced in
the Early Cretaceous and c¢nded in Middle Cretaceous. Then, hermatypic corals and
coralline algac which tform carbonate skcletons within the cells and tissues predominated in
the last stage ranging tfrom the Late Cretaceous to Quaternary.

Earth system, including heat flux, matter cycles and climate, was anomalous during
Cretaccous times. Inside the Earth there was extraordinary active and worldwide volcanism
caused by mantle plumes, gencrating Large Igneous Provinces (LIPs) in the Pacitic and
Indian Oceans. Ocean crust hurricd its production rate up to 1.5-1.75 times more rapid than
the present. Cretaceous climate was characterized by warm atmosphere and oceans. The
concentration of atmospheric CO; is estimated to have reached about 8 times higher than
that in the Quaternary. Enormous carbonate sediments were deposited extensively from the
early to middle Cretaceous. Carbon cycle is thought to be one of the most important process
among the various matter cycles on the Earth, especially when the climatic changes with a
time scalce longer than 100 million years are considered. The weathering of silicate rocks by
CO:x is considered to be a primary driving force of the carbon cycle as it was proposed by
Urcy.

CaSiO;+CO;+H0 -> CaCO3+SiO+H20

Calculation based on this reaction was carried out by a computer simulation which takes
into account as a boundary condition of variations in the carbon isotope ratio and volcanic
activity in this study. The saturation degrees of calcite and carbonate fluxes from the
atmosphere and occans to the crust were generally decreased from the Cretaceous to the
Quaternary as the concentration of the atmospheric CO, decreased. There are three small
local maxima of the flux in the Middle Cretaceous. carly Eocene and early Miocene. Thesc
results accord well with actual rates estimated from a volume of scdimentary rocks on
continents and ocean floors. Decrease in calcite saturation degree of the shallow seawater
might affect precipitation rates and manners of carbonate skeletons of marine fauna and
{lora resulting in the sccular faunal changes in reef biota.
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BEDMENESZAHEHRLTHOET
KEEEE (RRX - B - #hE)

FAIKFEBEZLUR, DI LVEOEEDNE, £PFOMBEToTEE. I TCEEFREORD
MREIRNED, VILVHEOBERREBR (BB) BE, ZOHEESNLERIIDLWTENT 2.
TOCRAERKREFT > TEDDOHZHKE - BRFOROBELESIZOVWTREEIBIEL, SHKOD
MRMORIBIZHNIEERB>TLS.

(IAHHHza)8H(Isocrinidae) DEOBEBK)
THhOII1VHEORICITBERCIBELEENARONS . BERIIROTDH S 25EIZIBN, &
NHABRECLIMOBIBROER, MO—EHkbh, ZhEEBELEAKRTHZ I NI N
2. &, HXBEIRLZ<AHTIVI2V0OEBETHINY / PUAERETIEICOEVRE
BRLULEER, "I2VRTRTORE, ZOEDIUET 2TELRMES (O, BLEREESD)
EROEBVEERIT, MERFHEBETEZZEND Mo/~ (Anemiya and 0ji, 1991). T4 DB
DI1VHIIERNLBERENDEBLTNBRIENBEON IR, $ETVWAILED—DTH2H
AVEARVBERRAE SRV TWZ—DORIE, COBEEHDEIIZHZIEEBDNS.

(BEROLRRELBRIE]

DIA)DBROBENBRECHSHBROBRTHZ2TNIE, BEROBIRIEETXZDBRIOY I
AYNBIFTWIHBEDRIAE TS, —EONDOA—FEEZBZIENREED. h) TEHIZHT 3
ThoHH=a)D—%&, Endoxocrinus parrae |ZEVGRESH(178m — 723m) 2155, SHOEAN R
IYITVEARBEYEIZREEIATVS. ZOBEOERAEXAL, RPECL>THBEROLIREEHMNE
DESIZET I ERIT L. TRTOFEEXR%E, ZOEDRESHOFEHERHED 500m T3 &,
500m & D XWEBIZERTZEAEE, LV RVREICERT2EAFALVEEVEETHERNLIRT 2
(METROICEE) Z&enaMo7(0ji, 1996). DT ENS, ZDREIEL D ZRVETHEREIIHIHE
ERFTVWBIENMALNIR- 2. REEMOLIZIIERYI I VRIEBLTLAWLD, ZThixs
Fo HRENSLVRIBTTAFRODILI VARG EILPEERETELWIEETRELTNWS.

(HBEORMNLE(LDORET]

EFAFOOIAVE (BEVIIVE) THEK~PERRBREZTREVEBIISRERLTLED, £
DEZNVEBNSREBELEZ EMMEBRBLVIZFAON IR >TVWS. ZORRE LT, MpaERE
XDBETE | MNEETHh, BFIIVILVOHRELEINIZRBAENRBTHGRBLEZ LHE
WoI1)EDZENSORBRDODEREREBEINTNE. BEEXTOEZS, LRAODHYI1UEXES
BEAWTZORHRBREDRIEREL 22 L%, BAMDFIREH D, RLWT—Y([EFoh TR,
LEREOBEROBEN S UBFORBREDRT &AL Z—FlE LT, miBkBOXRBICIUET 5
Seymour Island @ LEBia%F#k(La Meseta Formation) M SEL=FW D 1Y Metacrinus fossilis @
FIEERD LIFE. 2OYI2)EESOHEIL, ZOHBBEEN SRBEOHBYMEETIONTEY, #H
SROPTEROIIINRBHOHMEIASRONZ LN, BOTHELRHERHLTNS.
Metacrinus fossilis @ 123 {BAN S A2 EEFREKICEDE, BEROLIRMELAE LZER, X8
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BRI AR Y S 1 EARINEE LEBRE LT, FIANICHRREDEKVBR Z ORRRICEHBE S0
COEFFICEBR LEZ EMERE . Zhix, La Meseta Fm OBIBMNHERKDBEEEDET
LUBIDRRIZ—BIZUNA NN LEZEETET S, DI AVBNIIEE PTHEBELERY K%
B2z EhHE, ERREOBENLIELEZ ENHERAZ N 3 (Aronson, Blake and 0ji, 1997).

CEEUIOE 100 WE WEED

THL/HIAVMEIEEBITHRESE, RBBOFVELBSYNFELLTVC. DL EDI
AYDEOMEITEETEDLSLWR(EZHEIFIZIOTHE 5N, RIIKERROER, EDOMAH
ELO/, BEAT > 2B EEHITFE 2 EnNa M o2(0ji and Amemiya, 1998). BEFRIZ L
ZHBLD, BROBEICECIDLSAIITYOEOHAENRINATNRZZ LN >TED, BR
PRETLENBRETRPHESSKETZ I ENTHENS. ZOLSLRENS, EERICEE~THAIZ
BoTEHALBFICEEKITDE, HOoTHRELTRENZF Y U RDBWEIDEIEIMIBN
Ebghok. ZOZEN, LBEELTH#5N3 I BROS> LTENRMT IBHO—DELD
TW3EEZOGND. a5ICHERPPEROBBEFRIZHRASNS, VIAVOEDHIRESLE
EROBBIRNVETHZ L THLTVS. ALY I1UDENSMULERE, RiEHYI2
JOEDHHDNERUELDTHZ EVWSHROBRIRIZIZ, RIIZOANBHEESTLELELSRKAE
RLTWAAIBEMN H B A TB LTS,

(%R, #ROMOBHLEHERTIR]

REFIHEAHARE (KETE, ERE) L&, KRR, BROJOBEEHEDL S RIRE
TRI>TWIDONER>TWVS. ROBHAEORE L LTI, RRPKRGEOHENGRERL D T
L3, Z0FEHZHPRABAMLED, REZ > THRT 2DHYEOHRITHOERTHILEZ
53L51Cm>TEE.

FT, hHOWRNENFIEEBNREDTHD I ENETTLY, BEOHN_KREEHRT S
PaEEZD. BARBOTCIJO-TFBIZERTIEALFOIIDENED, BZS5/IFVHYS
L > THHENIZEISHh, HRERITITLS (FLIISERDFLOXE, KEBOREASH). £
BROLRBPRIZRSAZLEETIE, TIIIFHMREFEALRENEIOhTLRLDIZHL, 7Y
VIXFEAERDVBIONZIRETET S 25, HEEN, HI3FEOHO_KBEERIFHLTW
R[N H B . HI(T, BIXEFLFTTITHSH, BEROPERDOZBUACABELE2-LTHS
&, LBOPNEHZLDOD—KE, BREORNSBIAENLWEPIZIBAELUERNZILEALRD
ol ehahd. FBWIZBAILULERIZCRONDLSIIIRDIDEBZES CHERIZAST
IS THBAREMNFEL. CDZ NS, ROBAEDRELE LTIE, BRRGREOMBHERIHE D
BRLTHESY, CLAPEREYLURE, BAOEMULZHZHPRBARLED, 28> THRT
2HMBNREBTOZEVS, —HECHBRREWMRT LI >TELEHEFEZI SN S. HE
OERFRHRE LT, HEROWEHRIZIRSNS, BAELEZKRRE, $RE2Z(ECRAREL, HADH
ML O TRIRONLZEDOHNERLUEEZDLEEAIAZEVWSEZERIBLEL. S, ROBAL
THREWSHEHBANDEIS EDL S RIRBOEFATHRF LR >TELNEBASNIT S8, —BO
ToYEBYL, LNERGHMRNERDZILSBHETS LA, LORREICMT 21BREHIFDL
DERDIHBHEVEEZELEVWEYELTWERBTHS.
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2 baXRUT DNA QY J LiEis L iR B DRETR
EHE—fE GOK - 0E) - BORE GURK - £9) - LBE GEX - £1)

BRI B T IHRINORKENZMNBIIEFEORTH > . BEDFFRHEFENNER,
RBICILHR M ERN S T—Y DB SN TS 18S rRNA DFEEFIOLEN 51X, HEBY
DAIOBMICEEN, COFTHRICREBMOREEMBELERTHDIENRINT
W5, LML, TORBREN-ZEFHEMFOEBBIIBVWTIORKEHIMVERAEINT
WHERBTLBEAT, HEBMAROBMIIDIENENIFELIIREI K-> TNS.
X7, 18S rRNA OF—F M5 3#kEk, HR, REGVMARINERT IV —T (H&ETH
% . Eutrochozoa 3 % \) i3 Lophotrochozoa) WO RFHKEBREHTET D ENHEETH - /=.

ZIThhbhid, LN OREHEICEFAEEZ 5N 5 mtDNA OF' ) LG (&R
FEE) OUBREZHELUT, CORBZEISITRNLE. MEE LU THEBRLDREL/-FE
HBmREO R XFF awF > (Laqueus rubellus) ZfVy, LA-PCR #iIZL D mtDNA
ZEiEl, £EERS (14,017 bp) ZRELE. ¥/ LTS XRINETIZHSNTNS
PTHR/NOHEICEL, 2HDHTIALNNY MRS ) LABRIZIES TWB DN TH 54,
BEOHYD mtDNA IZJ— REh T3 37 BEOEGTFIITRTRAEEINE. Zhs5o
BEEFOLEMNRZERIT, HFIIKLTHOTHHFADODERESRIE->THED, #ERTD
BEENMEEIEZ -l L2BKB3E3. Lil, BRFIy TRZRIIREZINTNVS
ETOEYFE (8 Y 87 f) L DFHMRLLLBEZET o2& T A, Laqueus 13, BE¥ Lumbricus
terrestris (2 X X) &, BEIDIBEFREFAMN—BTHEBCFORTE 5 DEELTWBZ
EWHIBAL 7 (BEEMESOMOEBMBEIBE T IRKORTIZNEN 1 D) . i
A ERIZBHERO—HTIIHRATELRNWETHS. ZOZ T, HEFHMNRIOEY DR
KRB AR THEI LR RBRT 5.

—7, B Stechmann and Schlegel (1999)i%, R U < B B2 3812 /8 § 5 Terebratulina
retusa @ mtDNA 2HEREFZREL, BEFEEZHASMILE. TOEEIIELIZE
FRAR M EREFELTHBD, tRNA BETFE2BRNT 2L 1 MOMN TREEY Katharina
tunicata (E¥ 5 H41) OBEFIyTE—RIVBIENTES. £/-, Lumbricus Dif
GFIy TE—HRIEBITIRE 4BOBEE (EiX 3 ETAERDEN) BBHETHBZ
ENS, BISIIHMBEMRREBMICLDEZGTHASEEZ. Lrl, BFIv T
DREHNRECRREEZ DL, ®iE BE, BEEMOR TIIREHHOT Y THED
HENTHD, TIHOHMEBEBMOT Y TAREL, TINSISIZBEIYOT v T DK
ELEZEEZRTIENTES. Tabb, 3 HEOHFEHEENS FTHEEIM DAL I
U, ZOEBIEMERBEBMOBENTELZEHEEINS. ZO/KRIZ, S5O
CBITEIRT 4 TS UL EEADLETEETHD, A7) 7ROBHEE (halkieriids)
MNP EY EREEBMOERLE (DEZRD) THH LEVWIRBEHBMNTDH 3.
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SFIAVKRUTZDNA ICEBIYNAMEORFRIKEENREA

# OEE - NEEE (RHERFRFREFARH)

IVUNAEL, FERTEDAENTRTZI9FHAEPRAMIFRSIBAELED
CHRBHEWVMLAREEFTI—#HICEL, TONHBREIABLIPREBLEZSN
T3 (Taylor et al.,, 1980; Kollmann, 1982). FEIATERLEH—-HEKEZBL T
BELGLRATHEEREL, PHBICBIA3IVARSERAGEDRRARBEOBLSHME%E
BT, REDBETHROLEHEMICEUCERROIN-—TLELTERLTNS. Ly
Lass, BEORKMEE BHOBRICODVWTHARERBMTAENEONTEST,
HBOoOBRGEMZEMBTIER M\ (Harasewych, 1998 75 &), /=, B3 ENS
Mo BEHICLY, FBEBLOHAH, A IFRSE, T BICAEGES
N COIBEIINAMBICELEDEDETSHERD H S (Ponder and Warén, 1988).
CNOoDOMBEMRRT S/, T b2 FY 7 DNAL6S-rRNA RIZFDO LR EE T
CHEDE, TIYNMHABRHBEROBPEIRET IS TFRAEFMBIRE Lo
=, BIFICEE, TYNAE16B 1718, L>OHAHIEIE, A bTFKSHE2
B2, T 1B 118, 7O0FHA8 2828, 7bhanhiq481E11E,
AEHABHI1B1IE, 29TFHAB1B11E QEAAB 1B 1IE, JOoUH
AE1E118 I3FEHAMB1IBI1EBEOHIIELZR, SFREHEEBELL.

TOHER, Xk (BEEER) CHALTRIRAEZNICHENVEEELZAShAH,
272 DD, Babylonia BB I IYNAHDOHEENSRBLAMUBELDHDIZEP, A
oOHA - A MIFARSEDBEFEHORICAEEINDEICKY, TYNSEDIE
HIEMHLSTIEINhE, TIUNSMBATHERERSEFIESNEZDII Buccinum 1B
+Neptunea I&, Engina [@+Pollia & +Pisania [&, Kelletia [ +Penion [&, Siphonalia &
+Japeuthria [8 D 4 B¥ T, Kelletia [@+Penion B ICDWWTIE Buccinulum I8 & itk 8 &
LTHSHERNSH SN, Kelletia BREEEKOITIN—THhoRELTELZEE LY
M<K TS, Neptunea B+Buccinum BORBEMIME - L BICDODNWTIIEKAR &
IBWECATREHDD, BIREICL>TISRY—TEI3EHBRILEY, THLHKR
PR ETHAD. 5%, #HEXEOEWKBLFORAP, REEEICDOWTS
RETHELEL>T, TIYNMHADERTHEPEINMAICONT, KUBESH
ICTHIENMEFTES.

24



OAGEYFER2 0 0 0FERTRE MAHK 3 2000414

SPIRUTZDNAREIKA9VHABORGRYT
WEKE - Fk & (@BT)NX - 38)

HESIBIIBEDORERELT, I b3 KUY 7T cytochrome c oxidase subunit I (COI) Riz=F
DT ) BENCESISAIVYHARTETEB (TX=vF, /¥ 0F+ 7, Ao+, 32
HA, TITHAA, A7YHA, V¥ehA) OFFREMEREOFRE LB L, Valler ick 3
BFZLDBPEDOFMORYTHE L2 FRLA. 40, HEALLAHIBIE (A—o5= +,
FATHF7Foa, VauFavdsroa, 1V)F503, 9IFXIERF, yoxIFFoa,
YI/)2vFd, AFAUREATF, V2o /nFUFv T, FoALAZUF), 95 TavEER]
B(EM)=UF), YIFI/H4ABBLUCREOARD COI BEFHI0bpERBICBIFL, &L
Bl 2k +RGEMREERL .

Chiamys islandica
72

ZOHER, UTOoRmR B,
1) BXRIEHBEDA 5 ¥4 A Fid

LogL= -4122.10 (JTT-F)

gfaﬁmpecran yossoensis

22o0OKELE7V—-—FEERL, Th = -413952 (MREV-F) e s
i Waller RNEHE L /- Chlamydinae Azumapecten fameri
& Pectininae (< %é ——¥1 5. Veprichlamys empressae
2 ) Chlamydinae @%}ﬁﬁ i22->0 Laavichiamys squamosa
I U—FEERT . Ch5i Naller ~ Samipaiom dianae
{2k % Chlamydini & Mimachlamydini 0.1 substitution / site — o pocum sponideum

KRR —HT 3.

3 ) Pectininae oD 2H>D s L
— K& Waller iz & % Pectinini &
Decatopectinini —¥d 5. 77 L
JFREHAR NS 2KkED b END
LRWVTI7 UV —KN%2ESLDT, Valler
@ Pectinini IR GERICL B,

4 ) Propeamussiidae (€ 1) =

Mimachiamys nobilis
N
7 Mimachlamys albolineata
Voiachlamys hirasei

Gloripallium speciosum

97

88
7gdngulpe«:ten superbus

Anguipecten picturatus

F0FE T 5) I3 Pectinidae &Ml 7 66”"’""”’“"’"””’
BEERL, V¥FEHC IR < vptopecten vesiculosus
BWI &AM Pecten albicans

5) HEATERLTWAHKRLERNL
D, *KZTHAEA—oS=F, k
AIHAEA 7 VHAEBIENICZED
HTHEW EHHBIL .

6 ) Spondylidae i3 Pectinidae +
Propeamussiidae & i 7 L — K%
kT 5. {btARREREEZ DY B &,
Spondylidae (& Zh & & X HIE D%
(B ZiF Terquemiidae) Sk L 1
tHsh 3.

100

Amusium japonicum

Parvarmussium intuscostatum

Spondylus squamosus
43
‘Fi; Spondylus nicobaricus
Spondyilus sinensis

96

Eltopena sanguinea

Crassostrea gigas

Uimaria hirasei

Scapharca subcrenata

WHRDEL DFERIT, COER

E—HET, BHOEMRATETHCRI > EERRNOELICE bUIPWHICHRI L TOATEE
DR, —, Waller DHERZRIRIBLBECOGFREME—HLTVSE. ThiRBRTIREL,
MPOERRCBOIEFOREFAEZER L BEOSBHEORLHETRT. &b, EXKFAEPLEKX
BWHEDA Y HARKMEIT>Z% 185 rRNA ILE S RERITBTTDRh:. ChOoDFIIEESOMM
LHENTH D, hE - BAUEMTHS. b, 185 RN Bz FREFEHELNEL, BROUVAN
VOZGERITICHOTOWAEY, A I VYHARHATRL2ED 1 EELMEREKBEHRIHLL WL, COI &
ZFR7 IV BEMTHIURBREINZOT, BERELNEL, BROFLVEITICLYEL TV 3.
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DFRFEFHFIRICI DTN JEO R
BEESE - MRF] - NBEE (BT BRAEAERIN TR R R R B(E)

I /N1 8 Buccinum (Caenogastropoda:Buccinidae) i3dtEIROBEREN SBITET S
BAKBIZSHEORLEREL, TORFOBERISKEFHTIIAY 7407 R0 E B A
12, FEABEETIIHSH - b7 7 U hHBRICRATNWS. Titova (1994) 3T /N1E
DERF ESBICOVWTILARENSRDE DRI F UL ZBHLTWS. BIb, #UBHIETIC
ALFvIH - IN) 2, FHILHAZEOIEKFEFEITHB LU ZXREIL, ZUEH i S a7
RIS T 5 A ABIZ, BERHICA L O -T2 2 b ORI, BEEH I T3
WL, £X—) 722 KEFICETEORMEILRLZELTWS., T
UNABIIEESRHE, BIESKEKIC 2 EOoRB#EE LT, Z<oBREHEIISNTNDS
(Golikov, 1980, 1995; F# - /N, 1988) . L2 LAAs, BROEMLOBIE-0MEIEGR
IZDWTIIFRBEARENE L, HOBERIZIDODLWTHELL DifRNHD.

FIT, ERETIRITINABRNOEMBREZHSMNIT S0, T a2 K17 DNA,
16S-rRNA fEI O —&8 (#1 480bp) DIFEES| 2 HEXRFEOELR TN BOERUNT AU A
HMRICERTBI—O0vNITINAT, E5IT, ABRELTTVRSBIZDWTHREL., T
RRFENFIEICE D REMTEZ TR 2.

ZOHE, TINABORERHKMEITERICTENVWT — A NSy TETEZHEIN (BRER
TR, TR S RHBIILIZ 100%). TIUNITBRNOFREMEERS L, £TIAUHICT
—Oy/NITVYNA, EXTINA, TINARED/NTEBEZETDREBEENDIEL /212,
HMEZHMHETRT 3 DDOFEBEMBEOSENRIN-. BRESEZRLZ 3 DOMBIILLTIZR
TEOBFNTNHBLEEEORHUMNZED SN,

MEETFNL, 251 bTENA, 7 ELINA 13 EDRE T < WAL < T3 5 Rt

@YNA, FXHYENARED, WENTEEET, HATAT S5 MR

BI7 =754, Ty FauNA R EORMNTEET, Wil A FHOBREEA L, MEAHE
RO HiEE

UEDEDIT 16STRNA BURDERETIEH W0 FRHFPFRICLDREMTNS T
UNATBILSRERBE L THETREARKB L BEEF OB ONOERIZAT S NDB T EMR
SN 5% EBRORBERCHEBANOERORKBGEZHOSNMITIHBICLDELOEES
DL DESDDNA T—FDERMETO L EDIT, (LARBFOHERNT - EBHL, £
GHICEBDORFENLZMNT ELENHD.
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ST HIICE D < PKRBROELS - 77
FOUFOT KT SRR 5 i
OfEEEEMA (FK - Bell - HiERZXE) - FaIHIE GEK - HEPEHT)

K2 FRFEHOWTHRABEDOY V9B OZRHBEIR ESEEREHETEL.
HHLERER) - HAEMEMBRER S L T, BAEEOELSE 2T 25 217
D2TW3, BADHFHITIEI I RUZDNAIRO—REINB 205 )N
DEHBIGTFORTY I /BEYICEDL, ZO7 I ) BEESIRIONEE @Y h
FETRONE, HEADBEERN I EEEZBI AL RBEZOEYMTH->TH.
BEEBRED ) A ADOEEENIDEISHEL - BREEEBLIZENTEXS,
BHOSFELEEIIWHALERE EBNTEEULEENWEINTWEAD T, #H4
EHABEOS P2 5EMICEN T 20 TIdAR<. AKEICB W THE O3B
E&fTo 7,

WAKES 7)) v REKEIZET 2IHEDOHERVOID FRITOFERIZ. 77U &
MAD 7y RENENTNBRHEBREZRL., 1R - Y HAAINOFENE
DOABICNET DI EZ2HREICRLE, o TT7 7R EFEKDOI 7Y v RED
R UED, WD SBEIC K> THIOOMafiZs I EE Z SN/ 25 HMIC
RETED, —FH, FIEEREINEFOHREDLAICIILEICHEL. MED (2
SIZITHEAE SHEED) DIEERNIIVIIVELINTTH 5 Z & ZMEEITHRE
TZES, TNOSDREICEDSKRIEIZEWVWIZEBENTHD., L7 I VERFIC
BII2BHOS TFHALEENHABEOMIBTHDH %2R,

KRICELZITEEBEFERANWT, F—RRKATHE2FATA 709 A LED
FHMR E NI ERDHEEET o Tme NORRUENY TS A T4 v 2aDRM
HILL I 2 B W THERIE R D AR R S B AL R RN E S NN, 7277
OJ7FEA—ZARI5)7 (P2 —F=7) o700 FHOITIFRELL EIZ
< HELFTHICEE ZENREEIN, 77707 FORKIZDWNTIZHRK
EYBEEIC BT8O —DEIN. BEICHKEIGLIZFETHSIZHMMDS
T, PPHLBICA—A RS TORNRESNDHETT L ABREBEZ THEHL
e WBAEBICHR LU ENT DHEANEZNHMRUICKINTEE, 50
D FIRITOFERII NS O U 2 ZF L 72,

Fxl3, 7770 NI RUFBRKEORGHTAH—A ) T7O7 0O
JFEHEPELEZOL., 1 RERKEHIVWETHEDAIT NI ZHERITHI R
JHRBEOKETOY ZICES THREOEBMICGEIIN/ZEEZX S, ZORRIT
FER A< b THREHO S DREIJECAROEH & FIE L7z,
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FAVFALARHB LT DNASHICS LI AEREY VIR 3FMORMEL
BARSE GULK - ) - BEEFHel ek - #) - Iimskee GRK - B

HAEL Y 3me LCoNE T3 M (Corbicula japonica, C. leana, C. sandai) H¥AILH T
%o C japonica \3iUKIBIZ. C leana \3EEDRAIBIZ, C sandai FFEEMBAE L L TELT %o
CNFT, RS 3HOZRHKMEFRIE., BICHEFNRL, BHFNHRL, TEWENRBZENS,
%3 C japonica & C. leana Wk L. C sandai &y KBREA B S HFEEMISEDOWAZ100~8
0 JHAERTIC . BTN T C. japonica ML LAz & # 2 H T & 72, L4, Okamoto and Arimoto

(1986) 1X. b 3 oYt EEM G4 2177\, C sandai % C. japonica 7 & HEBEMNTH
EL7-ETAINTTOEZIIREETHZ. C sandai DRFIZTHEISEH L, 2O TERT VTR S
HiL T b0 RFEEE LCHEREENCOAL BT 2BRAERL Lo NSV I & 254
L7

COLHEENNGH C sandai DEREIFIZOWTHNT HZ EH. DAREY Y IBORKAEL T
e TA5LTHEELRHTH 2. LTI TREFYT-HEORESE L < LWHR ORHKIWER %
HETBDIAHN VL DSDFUEFMENT D, WiHSIX. T4 VH A L53HE DNA M1 %
MWT, BEREY YV IE3HOBENERORE L HNORKBROME LTV, Y IKIHED
FFEEALIZOVTRD L D LRERER .

[BIZMERORE] MILRBEEDOT A VHFAL0HIZE 0, ¥ 7 3G 3MOBEMERICZIERD &
) YRR b,

C. japonica . BILMAROBEEIIKE | FHYNTUELAKE (He) 11 0.04~0.08 Dffiz KT,
FHEHAANDOLRIEL IFHONTTRD K&\,

C leana . #HEMANOBEEHNERYIBD T/REIVWI EHPHEMTH S, BIHADSRRLK L, £<
DERFRBIIBT B ILEE T 1 EREICRESI TS,

C. sandai. SUEMARDBE I IMOBTROKE S, FHNTOBESIKE (He) 13 0.10~0.14
D% R T oo LEFES C japonica LFHIFEEIG . BAHTH 0 4d6 . SEMDMEMN
ZRVTHVIRETHR STV 5,

RIZHBEOHE] 74 VA LM BLIUDNAGHICKO A, 3HMOREHEEZHE L. 7
A VAL LG TIESEEE. IBILTHONY PR =061 H (1975) DOBIZHEELXHEL. D
NAGHTIZ. S ha s FYTDNA®DCO I#HIBH 630 St DRI % Jeg LT, AFF (1980)
D217 A=k LD ERE (k) 2RO FOHW. C japonica— C. leana W T3Sz B
1.03. BE#E0.098 L%V, C japonica— C. sandar | Tld, B{ZHEEE 098, #0103 L4 h,
C leana— C. sandai i TIZBIZHEE 0.11, B#E 0016 &Lk o7,

[R#REROME] ORIV L DX, 3HEMORKMBEHELL. 74 VFAL LB LU
DNAGHOWTRIE bFEELRMECHEDPEONTL, T4bb, C japonica DD 2 Mk b
kbR FUEEL, T C leana & C sandai P53 LT 239 — V2R F, ThOOFERIT, K
Y1213 Okamoto and Arimoto (1986) 2Lk 2 RHFHME L XHFLTEN, C sandaili8 0~100
JHAERT & ) B R DRSNS IEEMA THEME L 2o Tld & <L el MeL T Y,
WA AED AP EEMAICNE SN 5D L ISR LRSIV,
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AT RICB T B H ONERGMRE
A B (B SR BT IET)

MIERO LRGSR ONEBEEICHOWTIL, Xestoleberis hanaii i3I E LTEEDOAEFRZHE LT
X 7- (Yumoto, 1994, 1995%), TN H2FHI-MAFAR 8 MBI A2 HENONTHMMAMEIZO>ONTH LD D,

BRI ST, F5E - \REBRUCESTFHBTRELAKEAL EGREGEIFCHARB AR 2
ENLHBONIALAEAREZ BV, EREAICSV T, SR E TP 2 ERES oL, #R3d22nioL
RO AWM LT EDTA CTHWOT v F o V%L, EHO%. REREGEER L, LRELRICOVWTI,
HEHROMM L CHRBEICERE®R L, MmO EENHEFEMBLEHTTo T,

MIEROWFR T, R F 77 EMENIHAPAKRIELTWDS, R F 7 THNRBOFEREELIAY A ML
DIGHEIZIE-SV T 5 DDA — A EHMERE, RoE, BRI, fRRE, € L TREIRME — 235
ANTWH, FHESHEREIARESEOBAROEBETH D, ZOABEEBHEBETIIIALY A PRYBHZ L
v, tho A &I DAY A PRIOFBIEIZ L 0 KR SN TV 5, RS IXRRO ANV 1 PRIOEGETDH
3, BRWE T, ERICHBRLEIAY A FPOEASKTHS, HREBE X, HPRoOREIIH L TEEICHED D
YA POREIETHD, BIREEIL N0 2unBOEBERX=VYIRKIZER-HETH D,

B2 F 2713, 1>OBETTEIRIFIT7 (BEREIFI27LT5) &, 220 L3 >0OEBEDRRKEL
ARV TTEBRRIF VT BRI F I Z7ET23) LIZKMEND, L4 LEOBEOMARE,
STEBBARI F7 TI3RERINTWW, WEHIRZ F7 51X, PR ESTORIF 25 (47 1), 5
KERTORIF 25 (FAT 1), MRIBELTORIF T (XA T OIFATHRHD, BERY
FI T, PRAERBEDR I F 27 (F47 IV) &, GERESME AR+ RSO TIC LB
FIT (FATVN) D284 ThHbB,

DR LIR I F O 784 TLOBEGERMN L, BELL2HMOIL 65X, YA 7 ILORIFIFTH
ol LMLgds, ORI FI T84 731 BROCLERBIZBREEINTWD, ¥1BRIFIFF4TLRE
DOXILEFRIE, 1 D2ORBRIB1IDDRIF I 7354 TICHIELT WD, TOIEMDBREIFITIATIIML <AL
CEWTHD TESKEELTWSERE L VA S,

ROF I AT EIMEREIHES EPNBBEEOTLORFERE L, TO&E, RERICHBIKT Y
Fo 7B OEMTIIHERTOREKLRIL YA TORMR S F7 7 THHOIH LT, RKBHZEAR I F7 5
THOHMTIE, TOHEDRIF I T84 TREEDLDEIIRBRD NN T, BEBR I F 7 SDH LY
X, RIKUFIZ Z A 7 IV THH D Paradoxostoma yatsui DFE, A2 W EFETRAIA LTI ORIF IS5 THY,
A- L HICIR S TBRIER LRI CE A T IVDIRI F0 5 & 78D, F12FA TS VD X hanai i \iZBNWTiX, #4711
(A-SHET) DHFATIV (A4 & A3 ~ FLTHATV (A-28LIBE) ~E¢E{LL T3S,

UlEEHr e, MEREHFIZS5 2
OWNEHMHINGE L, T OBIEOHLY A-7 A6 A5 A4 ' A-3 A2 A1 Adult
BEILD 5 DORIF I 754 TH .-....‘4f7
FMEhi, ERBEOHL TR SN
5&47|]ﬁ§/}}f3§1ﬁ$@£ﬁ-@j}0’ llllllllll...
tho 2 A4 L1z HSIDORBICBEEINT
Wb, FERIFITE8A4TTE M
KRN D BAEORE T 238 & ANz ie

=Y

Neonesidea oligodentita

i‘:::: Pistocythenees brodve

Paracathayevihery
costacreticulata

Paradoxostoma vaisui

Aestoleberiv hanai

M1 BRIFI75A4TOMEREEE

*ABFRIL, BEEDPREKRERFFEERFIIToZbDOTHD,
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+HBEEDOERICE IS NEREOREN BFR (FIC Podocopa BICEBL T)
SERRSIE (BB K - 1B - thaslz (B8X - 18)

NMHEREIEMAZEOILE 2D S BDIERERED. ZOEBEEIBRIEUTE outer lamella
cuticle & BB D inner lamella cuticle, E5(C[@ cuticle ICHFNTEREMIBTERSINDS. tB&
UCTER<EFEEN, —BBOICTHEROzREMEIN DD outer lamella cuticle DD THD. BM
B FEEREBTERSN, AAIERBICEZNZNBRENFETD.

NEROBRBIEORBEIBFEMIBOEAICK > TRESISERBLUIZD. KRIZECHBIERRSICHD,
FERMOBDOHBLY. FZIE, outer lamella cuticle DG B EP D DBEEBNDIESEICRAL T, Bate
and East (1972.1975) (3 THEHERDMBBESI) &I BDDICXFL T, Langer (1973) 13 [ FIRANR
KB FH8E ). F/E Okada (1982ab) (& NBUBH FEAESIDEDKLOREE) Lo, Z
NZNERMERICLTND. FE. REEFTHT D membranous layer ICBSL THE, Bate and East

(1972,1975) & TFELRZVY] £ETDDIC3FL T, Okada (1982a,b) XD Yumoto (1994) [FZ D

FEZERSLTID.

+RI2ED cuticle &I DUV T, Roer and Dillaman (1984) (5 BID S epicuticle, exocuticle,
endocuticle, membranous layer M 4 BIC DL, ZNoDERERZFULHRLUIE. CCTAHWLS
NIZAEE I TICHEMMERICODZE >TEREINTHRY, NMERETII Bate and East (1972) Y
XK. COBEHLBLISNTINS.

AHFETII. EBY Podocopa D 3 F&, Xestoleberis hanaii Ishizaki, 1968, Robustaurila ishizakii

(Okubo,1980). Neonesidea oligodentata (Kajiyama,1913) (D outer lamella cuticle DEBEHT B &

SEM THZEL. MTOLOBRRESE.

1) HPERTCEMERFIDOIED outer lamella cuticle DERILEINIZEIDIE. TNFE T exocuticle &
endocuticle DX BIDTET, procuticle D 1 BLEUTDEINTERLZ. LHL. BHEBDR
ZBHS, SBREDODEMHOBRICEND ST, outer lamella cuticle DBRILEINZEDIC, a) B
MEB@RENEBERS UIEBIEBNFEIET D exocuticle &, b) BBR FESTEBROBER
BHFE T D endocuticle D 2 BEERUE.

2) BENHERTIICNEITRSHDIEL), BSBOAKRBICADOE FIC epicuticle D FEFTE L THLY
3 secretory pore canals & Neonesidea oligodentata TERELTZ. ChIS+HIMEICHITDHEIC
SHGTDEEZON, HEEICRAL TIEH UL cuticle FZR DR, cuticle MBOHHXICAES T D E
Fnhnd.

3) EPFEIOBEICDOUNTIE, Hanai and lkeya (1991) HHRIELTE “continuous sheet theory”
DEZEZRBIDRBESE. 5. a) DBEDDSEEECHIT TEREN FOU O DOAEE
[CKERZELREELS BREDICESOHEHHLRESNIZNTE. b) outer lamella cuticle D4 Al
DB TH D epicuticle NEFEHBETINBLBEHMIDCE. o) JERIBOABBEST, EEIC
BUOVEHDIEODONMAD S epicuticle. exocuticle, endocuticle D575, outer lamella cuticle
DEBEER—THARTE. F2. 4 BB membranous layer ([F0B D EBEETHBEL TL)
B.

CNSDBRIL. BENARIEED outer lamella cuticle & +IFED cuticle E A BARBNCIIRFRD
BEERDOCEZRKELUTND.

FrEDEOBED—RICEDNT, FBHBEROBUNITHZREAD outer lamella cuticle DFEKIBIEE
IO E A TUNDHRIZED cuticle DFEBUERRD SHEIABNIC TIEHDIHMR T B EETEEC L.
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Neonesidea B D4 BB L 4158
IMEES - RRE (&R - H)

Neonesidea Bid, TDMENZN FERRICHE L TUREOBBELFREELEE TV AN WD
D “EEIALE" O—DOThHIN, TOEGHABIEERR, HPHCOVTHRELREEOSHE
W, FZ T*ﬁ%?lﬁ%mmﬁ{t%?b RIRBIZAE BT B Neonesidea BOEREIZHOWTHEL, F0
ARRE - ABERICOVWTHOMNMITAZ L EHME L.

Neonesidea BOERBAT L L THIMIS SHEHOBRREA DO TV AN, DL BICHE®E L -
b, BEAEEH-ZEMORIRRLEORENRVINS A FA— L7 CEEBICITE 2 R EBBIEN
FETS. ZOL) RABBREDRVIIE U T Neonesidea BEED L 3 Fhk b o TWEANEHE
TR0, 1999 %9 BICR)IRNHET/NAROETHEME T, BENEEHZEMOBIM 2SR (A - B),
FART— 1R, BIT#H OKEL13m) 1HELVRREES0 g REL, EEEBVHLE. £
DFEFR, ARBEOTRVBH LY bEROEBOD LRV FA—NIEET I L L, BOYV AL XL
B AR OBEOR NS, /INKROBIKEIZIL 2 FED Neonesidea BMWEBRTAZ ENHB L. K
EVWHILN. oligodentata, /NEWFIEN. sp.A LEIE LA, £FEBHBEOELMMENELLTWE S
REZDL2DERLBFRICH I LEDND. 02T, BEAEEL- ZEMOKIE 2 AT
(ZIER LHE, A4 FF—/LTIIN. oligodentata B 8 BILL L, BITH TIIN. spALIRERLTVS
ZENRALMNIR oI, BE DG Neonesidea B2 REITEEMN TR I EARBIALBOLEESN
3.

Neonesidea BDAETEREAONICT D7D, BAEEHHEMOBIE AT, 19984ESH LY
HIEY BA—BERKBEEZH50 gE L, Neonesidea BHELE2TOMRDOEEKELIBVVH L.
ZORERLFPMEERLY, Neonesidea BIZFHELL THL SEIDOMEEZBTREIZARD. FNICETIH
MiIZF50 BT, £O&MEL LT3 -5y AERL, RLCBRITBVERE S, LT, —FiC3 it
RKBBENDIEFEREFOILENAOLONIIRZ T, X, —RRICHER - BBREZEIKEINATER LIRS
ROHLOTHHHN, BIKEBHELESPN LIEBEMERTELZ L TWAZ L&, Neonesidea BIERRE
CEEDOBEANSBREBELESD, KEORBET, BELLIELL OBM#—» B)BREA
KEELERMBHD. EELLLICRBBRERVHLLER, 1998F58 L9 AL, MOAD2EUE
DORERFEELTWD I ENBARIZ -7, SAEb L ) PERTROERICHIZD, BMELEL,
FMTHOIILENMEESND. LAL, I AIRBERIIFEHES, BRICLIZBBLAANBEETS -
Edb, OEM(BZELIFBRAICLVERINATREELFTE.

Neonesidea BB IME IR, N oligodentata XN EEH - 2 B OBDE(A #15) T
XS AMNO8BIINTTETHH, 9 ANGRED 6 BIIHT TIBEEENEEIZEI LE. —F, #
A RNT—=NTH, 11 ADGRED 10 B E TN oligodentata PEE LT, £, BHEEH-Z 5O
BDEB AN 6ix, 3 BIZIE N oligodentata BEH L7z o7=h3, 4 BIZIXREIC 2> Thb 24 A
VI ERE L7-BEMNPERLE. IhboDI EMb, N oligodentata 370 72< &b 3 ALAERIZNTTH
A RPN OENEELH - ZEMORDBICBE LI-wREERH . i, MITHMLDLN sp AT
NFEEINFZ L EERTDH L, Neonesidea B2FEIL, HREOKEEERELILY, BIRBOLEFIRKE
WIS CTEINTREI L TV 500 Lz,
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SEROPBEEEH, S RERERORKMBOMRER
AR - WARE (2RX - BFEE)

A6 B - 4 F RS EE % & D FJE HiBicornucythere bisanensisix. % DH#H121D & RZHMILH X G
LT3 E#Z 5N TH D (Okada, 1981), —EICH[1% b DREMTIE. ZDMHE % Bl
THIEX BB LICL D, YOERKAEIPVORRT BV ERREADPHEETE S

(Okada, 1981; Irizuki, 1994) o MM - M4 (1998: ERHH) K. A-7H 5 15 2KICHE H B
# & Dffilshizakiella supralinoralisD# H % &M T NS €. #H & RO NSz Bk
YL, SHEICHEITBEE LTRA 22 TOREMOREMRAZ B LIz, ZOHKR, REM
Mo R EMNRK (BidD1) ~3) ) Hser ko7,

AFETIE. FTHRAONRERIBPENEOHMEHOXMICDEFMZEOHZ L &, ML
FREHRDALICHIGE L TWE D E I DPORGEEITo /2. 2V F L ZHW. ZDKIBHK
0.1%DHTHEET 2 Z LIZL b, KiFHIZANZBED S Mles Rz Lo, RO EPETIE
HREEKCHEAHEEOARDOLZNWEREEDOMEEKEDLIDELE, FEAHARNKAKTTS. M
HORHDRI o TR\ ED, fHOBDBDRNWENWS ERE HOMERMNELET S &0
ol ThHDWEKRERENZTILEKT 22, BUHOHE DARDIET > TR R B
OHHDEI %D Z DN TE D, BENiETHEDIIGHRERDIZ, 2% UHE O DL I
ZBED6THEH, TREMOMEOESNADLETHINI®DI I LIZLD. X DB H»D
Efeef@dH oG R oz FRZhICL VISR Z LD S LHBDORRDIEFIZTT
bhinZ e, FHOWMICR S 32 REHIROER L B bh 2H & &M DOHE B DB
D—HLTWBZEeAHL, REMBEBEHIDIDOEMB LTS Z BRI N,

AZ L. supralittoralisiC N A . Spinileberis quadriaculeataDFAH DAL ICHIT 2 ELEHAL
2o FLTC2HICH AT 2HBAIEOEERRDFIEE LT, UTD3IDEREITFEZIENTE -,
1) BMRRE BT REMRLIE AR T 20 BUAOBED &5 Milah —FICHRT 5,

2) AR 26 U T D R 2 Hiaid, Akt LRI THRITTART 52D TIERL,
DRI DML E TR URNBRZZ Z HIZE VRTINS %,
3) HHOBLHOMIUTIEMAREZ B LTS DHRT %0

A7 6 2R ERE & i U CRBEMBOMERRDS iR > =Dk, A X 2280
HTd B, Liebau (1991)H . A#FZE & 6] UCytheracea L RHIJE 9 2 SHEDAAKRE LD —ICD
WT, EHRAZHELTWS, Zho6DT7F— 053 LTHIFE3DDEEMIZDRER X
DRED HA N B =8, ZhidCytheracea ERIERICH SN B HETH L EZI 5N 5,

F 7=, I supralittoralis& S. quadriaculeata &\ D ST DEEDENVZEZHIMEL )V THE T 3
=&, ATICBWTHEDEREANEE NS e A-TTL supralittoralisi368{l. S. quadriaculeata
EBHOEREAMIEE S >TNBED, ZDD BHFTHIG L TWAHAIDSIEEELE L. ZDS1
oMt T, £FEEEZm LT, aREH, Aine v o kiR AILE 3 2 Mikeix17
fMtcdhHh (—ELHRLBVHEITBEEND) . ThSEIEPORIIRICER LTS, EHD
34 DOMALIIMEFLEDFE N T, HERKADRZRDIED S, ChEDHIED. RIFDAHBLD
B (A4 5W) FTHEMKXDOILBMEDRENTV S, FRORBOMALE. W (A-6<
50) FTULAZOHEMIEFERENRWESD, 2HEHSEOTHORI GO LE MO E
BRI E->THELINTWEEEZIBIULNTE S,

PUEDZLE2FLDBL, KIRIZBWT, SETHEE R->TWEHE & KA
Y. HHOMMAREZ AL SEOEFMHIIDODWT., TN Z2RRTA3-0D0E4)kFHEDL
DEMIM UEe £/2. A4 & Liebau (1991) 55 Cytheracea FRIDHE—#&IC BT 5. £
RO R ERNZFRM U A DTS, 6T, BFEBEICEHIT MM DL AN
D1ID2OXIB» 5. GO REHIBONEEXEFHNICRETH b, SHHNHDOITHOE
I DOERE LD B DBV EIDEEEINTWSZ EHHIWIL =,
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HARBIERBHFORENEHBEOS /i L BIEER
NRIER (BRCK - ) - R - 5L (hEREAT R E L)

HAM ALK BRI DB L MR OBHEMBL L BAM IOV TIZ, ZhETHHENRNSEROAT
HolMH BEENDYD S T RE-FREFRINE BRI (Cronin and Ikeya, 1987)D —EBHs 7k 454
G Uy AL & @i TR 2 KERMICHM T2 2 L HIEHE (R, 1998), 1998
H6-8 511217 1 I MU IR O GHOBRI i D A BRI it it AL #5754yt L AU D IS £ i
DRI Y= 2, Z2DEDHAMEICUBOIE N DR & Zha It 25 £ 5L,
K& )i D 3 i K SR & S A K GREC A D MR M, & & ICREST- B ET I B D KT
DR EZSHRMEDOEENEER 2 LTHEHTREBIYTH 5,

AWK TIIKTEE~RPPLEE D (ALE44-46° YORER Z hivic, KRV 5 7TIRER TRIRE h
7= 655 D & S8 HERUYIAARL UK B833-307m) 2 MGt U (GHOSAHF i 5 B & S0 - /R - Ui - Bl
1999). P U 214300 DB HFEIC X b KRR L IS T D3REEE B D=0

- JESEA (K¥EE33-34m): 8 S Callistocythere alata 5 Pontocythere subjaponica® {5 o

- BEEB (37-66m): {8 5 8 Daishakacythere abei, Finmarchinella nealei, Yezocythere hayashii,
Hemicythere orientaris, Munseyella hatatatensis, Kotoracythere sp.

- FEIEC (67-307m): 8 i ¥ERabilimis septentrionalis, Krithe sawanensis, Robertsonites hanaii

HUHEDRERFE & A KFEEIE ., AL BAL G D3BEU(E, 1996)IHIBLT B0 X 7z iftfE
M LLH D3TEE IR 1998) & IIMERAE DSIABL T 2 HS. 43 M KSHEIAD bR H40-100m & it
BB, Ih6DWIEDLFEYKER - Bisr(JODCER)ZMAD &, 3HEDHMITZEh ZFh3M
D KIRA : MEIRALEK. B WwARHEK, C: HABPBIANIMIGT S DL
Fo JERFED &L 5 BB & CHOL R E AL PG TIZ R EEMILAF X D R WKKE T T 5
DL, AEBHBAKDILZIBENZLICLDDTH A Do KB Tigd SWEEME34.501 )
% § A S REOR U K DR E (Bradleya spp., Hirsutocythere? hanaii’a &)Y 6 Wiz Z &1,
At E TIER I ADBIZE L TOWRWI L 2RY . EREEBICEEN S KE- 7T
RN E R 2 L. Bt TR GEECLETEEIIR S h, HEDH A
WINEFECIERFE-FEFUMECROZHMIE. REOHHMTETLTWS I LIZR D,

X 5L RAL GO RIERED & 5 1 DOR & LT, BHEADSMI T % X AKIH(KIE30m
LI HZEE20°CHIB)DATICE L K& &2 (5°CLUF ; EEMLIR D200mELE L 7] U) T
EHEIT SN B, FEEAICRIG T 5 g LR DI R R K TR D 21 KRR ZR80m L ;
BZ20°CHiE) CIKRIEAFETHEHI0°CLA LD b 200mLLE E B UK CULT)E TETF
LW, dbiisEsh DB EADREFE(P. subjaponica, Loxoconcha optima)id it ik LA g 0D BE Hi 7
PHED—TH B, TNOHIFKFEHN - AR OPHIEIED BHMROKER - #J8) 0 5 IR A
L A BEE L IS PET B (Ozawa et al, 1995)728, {K/KERICTiHMED H B L b 5, ALl
Jepaih D Fimi, HPRLL R I LEARAHEIRROBA m AV D S X FIKIDHE T § 5 72 8.
EARIBICTHEDD B (H~HFICE KRR S ITEWTES)—BOBRAEIEL - EFTHER
gD E L,
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HAHRRCBITZ2RENEHREOMBENSAICED IHEBR S &
i85~ D A 5
NIRRT (&RK - 3)

FIARRARC B 2 BUAEMEROEAIE, L FEOBRBUSED S OWEIF B, 1996; Tsukawaki
et al.. 1997-99; /NJUF D, 19991 L b BEHll~eiftinin T — 2 HREMICEM L= =8, %<
O CREERNEZEDOEMS TR 2. TAHRT -V T2EKGELETES XSRS
o AAMICIEAE AN TR EALGAIC S SR 3ROk HMiT 5, LLIH
F T HASHAERT. — ORI MR 231 & #7251 % K il 246 D XS 2 MRET U 7= i 95651
X ot. I TANATIE. NEE~JbifiaErhDSHER T EH80FEDMER) 7318 D ikt - A
fet % Zhou (1995)D Biogradicnt IndexZ AWV THRET L. BRESE A D 5 B ALH] T DME D BI# 72
Fi O E KR & L 7=,

Z OB, STHEA TS G OMENI2D0F v v THRAD LN BADF ¥ v 7
Cyig e B /KRG m) BCH O, RICKESRE v o 7 NIZRE /PRl Bk BICiEET
3o ZOFERICHED L5, X401 ILEER S, 2) FRIES - GEX LS - R BT, 3)
KIFEIMIZIKRGE N, 25 IEKEL1I00mELED K RO ERN & —B T 5,

51 Z 1E X 43112 i&Bythocytheridac kL D # BAE L Aponesidea?l . K313 Wbd 3 K- FikE
HRIFE ) O BGFE(Daishakacythere, Baffinicytherelg 72 &) X KL HIE (Nodobytherel® 7 &) D3R
ERNCR AT 5. SOOI Z. BHET 2 A0 - ) il - 58—y Z#inED
F 42 i (Ishizaki, 1981; Zhou, FAMS: ey - A RAE) )L Lb~2 & BEMBELIRIZ R F ¥, L
EEA =Y V7 HOHEICRDFPU L TIH D, H HilORHE L OFEMEIZEY,

F 1= Bl OB MIBX ORI 2L AEHSEM T2 & BEOHAREICHBIT 32X 3DMR
DHEE T E Do I ZIE BT HH X, 7T AKTIS- 17X B\ T H AR PGB LIFE R
JE#435° 40 ) DK ZRFEI180m T FRHLE 7= e b HE B all(Tsukawaki er al., FIRIAND S K
F-FAFHUAMERICE T 21 OFAEARZ LEEI0% LA RN Uiz Sh o IidBEW B4
DBFERIZIEANTRFREDS B L | BRI ARKAGLELEDDDE N, ZOHETIZERS
HRh OAIREF B DA D & HH RT3k LU D HERI M DS lIK R 2 i LT
WACMINED. 1986) (FRLIE . 1995DAE{UE Tid250kalh ), (IBZIH TR Do 2 RE-H
FEF MO BI04 B BT & B RO EH AT E LIRS B0 T, TheD
AL EHHOBATH 5 AMFEM IR ICE W Z Db E AU AR 7D g X 53 % @ H
T3 & BRI O (R B - R SR RPN IS AL 3 B X 3 DR S, HET it &5
Z VI HHLIE O FEAITIX I LIBZH & b A U, X Bt 58 i B 7E oD it ifg i AL
U= B K BRCAK R PR DEET MR o =2 L i2ie , 1IBEHSG D 5 D KRFE-FREFR
MG HEDERIZOH T T, BHIEL(SH 2 WidhiLE, B ARBRGISOREEIC
WIKDEAE L 2 &, BARRREHLIC K byl TRBE iz,
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E BTG R B LA GRINEEA)
AT R (KU B AR - RIERT - AT B 2R 2 F 3 26 97)

1088 4F, HIFOBEA - FADOHINC LY . HEBH S SHOMMLEEHRE . 4 H1d 2 28
(b TEEY SRR A 1T > 72,

TO%. REOIERZ LIV, HITTREZT FRICL Y 2 OBMERDPHLNI-OT
WET D, BIMERFIZIE, FRELOHEE S0, ULOE,, RFERED LV boico0
THHERHEITo 7, EBEEMAEIIILUTOLEBY TH D,

RP*ENE O T EBRE. AEFRIC L B,

Lycopodites sp.*, Neocalamites sp.*, Gleichenites ? sp.*, Matonidium ex gr. gocpperti
(Ettingshausen) Schenk, Eboracia microlobifolia Kimura and Ohana, Cladophlebis spp. (5
i), Sphenopteris elegans (Nokoyama) Oishi, Acrostichopteris ? sp., Otozamites sp. cf. O.
kondor Oishi, Zamites brevipennis (Oishi) Takimoto, Ohana and Kimura n. comb.*, Z
mipponicus Kimura and Ohana, Z spp.*, Mpponoptilophyllum bipinatum Kimura and
Tsujpii, Ptilophyllum jurassicum Kimura and Ohana, P oshikaense Kimura and Ohana, P
spp., LPterophyllum angustipinnatum Takimoto, Ohana and Kimura sp. nov.*, Willtamsonia
sp.*, Nilssonia sp. cf. N. canadensis Bell, N. sp. cf. N. densinervis (Fontain) Berry, N
longipinnata Kimura and Ohana, N. oblique-truncata Kimura and Ohana, M
quadripinnata Takimoto, Ohana and Kimura sp. nov.*, Nilssoniocladus nipponicus
Takimoto, Ohana and Kimura, N. tairae Takimoto, Ohana and Kimura, Cycadites sp..
Elatocladus sp., Pagiophyllum sp., Parasequoia sp. cf. P cretacea Krassilov, Taeniopteris
fasciculata Takimoto, Ohana and Kimura sp. nov.*, Pelourdea nipponica Takimoto, Ohana
and Kimura sp. nov.*

LRREmEIE. PAo. EWREERET, WHE 2B, Fx U/ 7AFTEBIUKR
B @ Podozamites J&% X<,
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ALHEE LR R B O IRE SN BEA A O D ERR B ORI

FIIE T (B R34 AR R R F R - KIERTF - ARHER ) B8 54 s AT SR

Ja TN BRI CERT AR BEYMOKERICIT, BARKOELM EICEETD
Lok, SIEAZTHLOLICKMNEND, TNLOILENEKISGOES. ERLOO55HE
DOBEHIEDDHZ EII—RICEREETHY . Li=doT, INOHFEREZEEMIC. £ A
BTN T A0, FOFERBIRBEIN TV S, EREBHED BV BEYE S L) HEH
T AICRANEEIT O LOICIE. B L UIED cuticle DRI L OB O - &N
MMZESNDLENRH DN, BRENPLOLESI, MBILLRERSTWDIGEE. T H DM -
WEEAOMHICTAZELRETH D, Fio. A LVED cuticle b7 635 3T H
LTHiEEIWZ W,

IO, ALRESR)INTIC A9 5 LERR (G EAERA» O | B ROEL 8 EIZEAE
THREFMEAELERES N, TV, ZOLBRERILERETH DD, +o L0, il
ORI . HWimR L 0D cuticle ¥ B —A 7 4 VATHEETHZ LNFHETH B,

hooREWT (R 3) Tid., PP, ThE Y B ARE(Xy), BRgB(Ph), FEOFEHIIS L
UCIEHICB R (COVPBEIND, FEiX, bHARICESIL., incEF T 5, Cuticle 1FEL
EETEH Y . BEOPENI B > TRV EF R (kee) B RET 5, BT, K~/DbAROMNEHE
(ROVBOBND, T[ILE—RHMIEOH XL WV ILAEAMBIZH Y . B st L TiFiE
Mim & . SRIERICITbA, FhFEdE eI viTe i3,

AERICHEM T D2 FROEKIAE LT, @ - BRI TV A 598E. BLEox
DERNTHY, WIFRBLIERERREE L THEDbILTW A,

Brachyphyllum crusis Kendall, Pagiophyllum

maculosum Kendall, Cyparissidium m
rudlandicum Harris, C. blackii (Harris) % ) \
= Haiburnia blackii, Shenolepidium \ -:;é
v A
A
iy 2

kurrianum (Dunker) 1 ] '
AEAIRT v TF@ L, 2)CRHND L5, Q lem -y

WROERIKOTEE DT EREBFE LT,

LR SR D SRRV PE R (ZEIZ o il )y B

A D) B Brachyphyllum #8x<) ¢ 75, XiRE

TiL, BEET ERBS LOSEIEE oMo

Mook Rl A 4 L7, Re

vl

Y +Ilmm Ph
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Ty )T T ) AR E O L gl £ O
PGS (PRK - HT) - TRkl ( (BF) E{LEBIZ) - Kathleen B. Pigg
(Arizona State Univ.) - John F. Rigby (Queensland Univ. of Technology)

Ty TT I AINIV LR, S BTN Ty F7FABCHEE L T W B
YOI T, BHL—XERROD 52 FREE DD, KTEUORFEHEDOE 5ETH
LEHEINTEY. BHISEE LBRMEOFEL B2 O LD, HEBTH-1-2
EROh>TWA, 0y ) TTU AOEMEEIIEMET. IhFE CHIHNE - [ERLAcE
DWTEDIE L 72FHP. SHEEPHOMISINTE /. BT OREE L b T4
WOLEEFHUL TWAI LN, Ty U TTU A%, RIFFIFALHETFHDOMEHED O
EDNIDIFAHIRMLE 2> TV A,

Ty JTTIAE, Y e EOMOETHEYD L OBFRE +HIRHTT A2,
KRR E OPEMLE N REFE SN PILIEROMENLETH S, TNF Ty VTT U A
OFLILAEE. A—A LI TLEEDANSREOD>TEY, A—A T U TED
Dictyopteridium BIMEAMEHE L. TTEUOEEERE L METEOHEIIH HEEH S H
Wank., LAl ShETHLMISNLBEIF AL EEAT. IEMSELZSD
FEMBBEOMEL BEBRE o a—F EORE SH8187% L RNOHRHSh 1.

ABFETIE. A=A T TENVLRBREOEILRRICEEN L0y V7T ) ADHLIE
ftaZ e, HEOFMETONIEE L BREBEZHLMI L, HIZ. ARTEIRSE
BEORMEICHWIIFHE A>T 28 BEVERIREORIRN 2o T 1 EHOILKEZ R
AZLZ L. HEERMERIILENSEY L ELIMEONRLWI LIE. ThENBEFHEOFET
HAHOLE. 2BREMOILE. Bl HEEEA L R TE AFHTHA. Jay V75T A
BFIHETHAI L EZHTET AR D Bob o7, HMEEMEBEILMEIFENSSEAIKC
BHIL7=2 2— bC DMEFEOREIZIE 1 FOES PN L2 MEFEREND L. Zh b
gt Ty 7T ) AOEMEEVPBMOE T ED P TR OB FMIIGEN & 2R
BT 5HH, BEEOMETHAILEEFEDITHLDDTIIRR.
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B 3 b 15 B TR o R 55 D BH BUPE YUK 1 I8 40 S PE D U 7 BE3E KT Paralia J& O B3 H6 16
POERER O A - B - #2d (HAMRLA - 4:8) - BERE CUNK - 81

BFOWEREE 1T U & LT Oligocene /% Holocene DAL IZHE L L THY
B9 BB Paralia J8VS, T £ TR Paralia sulcata ALATE P. marina
D2MOAEFU/NEE L THSNTW?Z (Round ef al, 1990). LA LIRAH, i
EEFHEMEEIC L DBBFANIMT BICDONT (B2 Loseva, 1988; Crawford et al.,
1990; Stabell, 1996 72 &), FITMARBZH W TAEDOPENFAMIIRFT I NS X
STz HAIZBWTIE, HAMGEAERY CMEREY D T P. sulcata 738 &
TRZENASNTWDHDD (A TR, 1986, R H - =Hi,1998 12 &), D
HE D FERI R B R & 17 o I=WFFEHIdIn . AWFSETIE, HAIZHIT 2 SR KB

(EREEMNESE - JtEEREE) OXFHAMYOSEN L ZHEICONWTEE
21TV, RPN ETTo .

Paralia JE DR sibling valves Z HWIZ[E @ L TV interlocking ridges %
grooves, [H3B®D interlocking spines Td 5. Schmidt(1874)1%, FITFREBLOEE )
5 Paralia sulcata DEREZEZ L# L TWB D, FD# Crawford(1979)732 L2k T
X NRBGUHMNPEOBICEEHIN TN S,

BRERBENSBREINHEEIIDONT, HERVESENE FEMEICL
HBBEIT O MR, BBUBICRSND T —FROD fenestra Kirl, 7 —FWi[EHEB
\ZFE €T S interlocking spine 7% E NS Paralia sulcata ERIE 3N/, ZHUZHL, At
HEEF S 5 RIS N7z R, RUABRZR fenestra P vy N—RICR A S
interlocking spine DNAETHOERZENS, HOENIEREISHONHD LTS
BAONZ. FBEHTIE, INSOENTDNWTHMICHRET 3.
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Hh A H 7 i BE 86 FE Denticulopsis praedimorpha OH LA &I BT 2 HEBRICOVWT

ATEE (FILX - #)

B®LE R Denticulopsis praedimorphaD#EBRRDFMAK T BLUOENE3 2R L-EE %
BROZELZAMELT, BMEAEMNWEMEET o/, D.  praedimorphald §i = i M b g 112
BOWTEBHERBICEBLTWEEED 1B THS. WS DOLOLEM (var. praedimomha, D.
praedimorpha var. minor®%) IZ/HEUERL TV, BBEEF1 15 0 FEMIEERIZBNT
R, TOLLEZICHERTOHHEBLIZEHAZINTVS. TOERICOWTIE, Y527 & Hefl
SNTVBRBEVEE L TR EHERINTIIVNE DD, L<bho Tk,

¥79, D. praedimorphal#ZEHLBHE (1 1 5 0 HEN) HEOEBRE%, KRR H T
AFR-EHBICBWTERLU . SEEHIBEN/ a2ANTHRICYDHL, HSgike e L.
TOEAREN SHREANE, %D, praedimorpha var. praedimorpha, D. praedimorpha
var. minor, D. simonsenii®PE iR, BEOMMELEZFMICKRD . KEEII—MH 4 8, A
MHUEAT3 0, 180kH D OREMRIZ—BMEA 4 0 04, AIMHIEN5 0 04:~10 0 04ETH
0, SHET BRI 2 774, OS2 .5 FEMOBEIZEZEZRDBZENTE. HMNE,
PHEHLRE RO BRI, RO AEITMBONBEL, XDEERFIRDENZEIIZLE Fi=,
ERR, LA R, ARBTFEbKRDE. TOHE, UTOIENSMTEoTE.

HESHORIZ—M, AUHEBICR 1ghic1 0 D6~ 7T RE/TH =, ZHIHLOHIRTOBRED
R ERER Y., — WU TIZEH & ORI —MHEBBEGRNA SNz, B BRRFOEANERLT
W3A, MRS BITRPMICEL, TRRBERLE-BLTHEN 7. THICEDEFIIELD
HEEROEILIREZERTALERRZWVWEEZOSNS. HSMLEEEIL, —MHHETII47/E1 1 458 -
LRENEEN L, Thalassionema nitzschioides 7i—%%< 40~5 0 %% EHTWe. AR TR
41087 47 - TREMBEHL, T nitzschioides’6 0~7 0 %ZED TV, MW THE
MR ZRE U okER, —MHuS ORISR0 AB R FE O, B Uk O HERUR 0 B K 5H a0
HMTHDHI &, MR L BT THONT R S BHERNOMIIEENR MR T BT ZZ &, L
ML, TOBHENTHILL TNWSEGroupDEHSE ORI —HERNWT LM/l &,
i, FOBEDIEFLBVITERNWIENHALE. 2D &3, MHUEORBHIRT — % DIEREIC
YUFOEHZEZEREL TWA I E, LHLBRBEEOBEE A SAFROBBEE LDV TR O—-NIL
BIELEEHENT H2ORNETH D EERLTVRSOMD LAV

D. simonsenii® M & D. praedimorpha® T & D L OBIELII MR TH I EEE T
LTWeR, HIMETHT 5 I3 TERM 7=, D. praedimorpha var. praedimorpha¥3 X O'D.
praedimorpha var. minor®EMBE QMR RELZROER, TORKEEH (ZZEHIC
LTENSEERENETO1 02D 1 LAFIZRD, ZhUBZEAEERLELSRS. BESHTIT
HMENRERLEZOND) BEEHHS TERICES XD I ENTER. -, ThN—HHRIZH
WTIE400~90 04T, HIMHRICBNTIZE1200~150 OEDQMHTRAMICEEZ 2 &%
LK. ZOZ&iE LEMMS I OMNHET 5 E VWS ERITKERERY, PR THHEILAERIC
BOWTERHOTN 100 04 iETRELIEZRLTNS.
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13 Denticulopsis_hustedti® 7 7 # « REBEHA XY FOERFEMBRME
WiREX (WRAER MEIRAE)

IEEMET SN X EXFH BB ERE(RBA (Yanagisawa and Akiba ,1998) T3, & BH4FEDHEH
HEIBRICR-TBEETEIARY b (TUAERRE—IA4RVP) b, BFENICERTHEIELEOR
HAOBICMY ANhDNT. F0 1 DhihEchRit R — &k 1Y ¥8AD Thalassiosira yabei § (NPD5C) L
22828 > h B Denticulopsis_hustedtii (Simonsen et Kanaya) Simonsen7 ¥ X - BEELBETHS. {LE
BELEONBZIS LIEREANY FOBMEZTORIBHNZLANY ZBONITEII LR BICEBRESD
NREELEHFHEOMLICEETIENYTES. ZOREAZEICALICLE>TEBAPNICHE%HIEE
EHOMICTE DTN HSD. FTIOHRTIE, FLEMFOSABE (BIAHIOENE. BB/
FONNEEB, ERRHTAKRABOKRE) 261(CLT. H0cmERBORELREENET, DAV b
DORFFHBADE R L.

WFhOMETH., D hustedtid7 o X - BB HEHEX, Thalassiosira temperei D EL D¥MTF LIRS
b, D hustedtiDEL /NG — 26 3HFTHELTIVS. EHIC, 3B EH DI XY FDOFHE2-3mD/E
K, MI29-3TMOHEICHLFRELSREBRKEEIRINTIS. ChoDlemnn, Zhob 3
I TDD. hustedtiD7 7 X + RELBEI[—DA XY FTHY, HEICHHETEDLHIBTES.

CDA Ry ML NFHRDODSDP Hole 438A, EEBX BRHMMMBEOMRIFERELNE RUHEARSLORE
BEPICHLROHON, P LHAFREETIEBATEFRATE. ERFENICHNTHZ ZENBELMITE
27

MoK LI TR, S04 X MIHER{LR D Cryrtocapselia_japonica (Nakaseko) DL EEH

(abundant occurrence) IZ—H LTI 3. BEEAMBEVSREBOMILARRICHAODNI_DE—H A4 X
Y MCER FIohDHEOEBFEMERIHEA T DFTREEHE .

| ma 3P [ |/ ] KR
30 & Il BRAIRS S F
(H3L) (R#k) ACIERIR)
| l _soT e i
20 ' «
Ly — .

LCO D. hustedsii ___|
AC D, hustedsii —

10 ]|
PT 3 o FHRRRE
N D. hustedtii
HiE
0% S0
'3 B 3 D. hustedtii [ T U T T |
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Late Callovian-early Oxfordian Radiolarians from the Clastic Unit
in Busuanga Island, North Palawan, Philippines

Lawrence R. ZAMORAS' and Atsushi MATSUOKA?

The clastic unit of Busuanga Island is composed of massive sandstone and bedded siliceous mudstone or
silty shale. It has been considered overlying the Permian-Jurassic chert sequence with inconsistent age
assignments by previous works: Early Jurassic (Hashimoto & Sato, 1973), Middle Jurassic (BMG, 1981), Early to
Middle Jurassic (Wolfart et al., 1986) and Late Cretaceous (RP-Japan Project, 1990); and it was further considered
as Middle to Late Jurassic olistostrome by Faure & Ishida (1990). The siliceous mudstone portion of the clastics
generally contains abundant radiolarians with varying degrees of preservation. Despite its mostly weathered
exposures, there are several samples showing remarkable radiolarian recovery. Four samples indicated late
Callovian-early Oxfordian age based on radiolarians, collected from different localities such as Tulbuan Piain,
Decalachiao, Guadalupe and Bowang areas. The main radiolarian age indicator is Stylocapsa(?) spiralis
MATSUOKA which serves as a basis for correlation among these distant samples. With its generally wide
occurrence and short geologic range, S.(?) spiralis has been established as an interval zone starting from the
uppermost Callovian through Oxfordian stage by Matsuoka (1995). Thus, these four samples belong to the S.(?)
spiralis Zone or JR6. The associated occurrence of Stylocapsa tecta MATSUOKA, Dicolocapsa conoformis
MATSUOKA, Guexella nudata (KOCHER), G. sp. aff. G. nudata and Theoperidae gen. et sp. indet. of Aita (1987)
narrows down the represented age to the lower part of the S.(?) spiralis Zone, thus, by making this assembiage
assignable to late Callovian or early Oxfordian.

The radiolarian assemblage of the siliceous mudstone samples consists of at least 60 species with generally
moderate to good preservation as well as varied diversity. Smaller 2- to 4-segmented nassellarians dominate the
faunal assemblage such as Stichocapsa robusta MATSUOKA, Stylocapsa(?) spiralis MATSUOKA, Stylocapsa
tecta MATSUOKA, Tricolocapsa conexa MATSUOKA, Dicolocapsa conoformis MATSUOKA, Zhamoidellum
mikamense AITA, Zhamoidellum ventricosum DUMITRICA, Protunuma(?) ochiensis MATSUOKA, Gongylothorax
favosus DUMITRICA, Sethocapsa funatoensis AITA and Williriedellum(?) marcuccii CORTESE. Some coned
multi-segmented nassellarians occur in significant numbers; Hsuum maxwelli PESSAGNO, Hsuum brevicostatum
(OZVOLDOVA), Parvicingula dhimenaensis BAUMGARTNER, Dictyomitrella(?) kamoensis MIZUTANI and KIDO
and Archaeodictyomitra suzukii AITA. Representatives of the spumellarian group have been often disregarded
due to poor preservation and prevalent fragmentation; Orbiculiforma(?) spp., Cenosphaera spp. and Triactoma

spp.

' Graduate School of Science and Technology, Niigata University, Niigata 950-2181, Japan
2 Depantment of Geology, Faculty of Science, Niigata University, Niigata 950-2181, Japan
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FRy FEEHHEE Weimei) BHALEHRLEVaA5KEKRM7 2 ET A MEAR

RHRE (FHEX - %) - BE B (WX -B) -5 ¥ GARBELEMHARR) -
INREK (FBA-BR) - BB B HRX-B8R) -9 BR (AMtMENFEHRAR) -
I ES (AsUhESEMBEA) - Bt (ARMESTEMHRRR)

FAYREBDY—ILL - V7P oR—REESEOEIZIE AVRBXREQLBICHBL-REBRP &
ERRNTT S ZDSL Gyangze FIND 15 R R L&D IS FE B (Weimei Formation) Eai B EN T
LB (Wu, 1984). BBIIBEREEBIOHY, ARELVARVARE/Da—ILERT. BERH
600m DB THD. HBHEOHEIDS. FEEINAEM~FEDHEBEMTHSIESNTINS
(Guanghua, 1992). F£1-. KB LIZNETIZFEF A, Himalayites sp., Haplophylloceras
strigille (Blanford), Berriasella sp.X°, —#B. #H NLLTAFOEHNRESA TS (Wu,
1984). ZBDERIILIEBO T EF ALY, Tithonian LB FFHNMTLNS.

1998 £ R U 1999 EDHET Wu(1984) WRLI-HERDEXMBED I —bd, 7EFAH6
B 2EEKITER). NLAFTAMBGHEERRL:. Chod55, BT HENTELTUESTA
I~ : Nothostephanus cf. kurdistanensis Spath, Wheatleyites opulentus Buckman, Phylloceras sp. [ZD
WTHET S

N. of Kurdistanensis 13, ZBBORKVEREBOTH(AE)MLELHLE:. EXOEREE
12cm THD. FEDHEFZHT2EKIZPHAA. BOBAEDSNTTRBEABRTHHH. BEO©
INSK, WEHH#ETHD. BORYDEBIZIZRENSEFIL. £IMD 2~3 KOMMARELTLSDH
BYETHS RORMEMIENIRY. SRYMETREFESN TS,

W. opulentus |3, WEEBERBHOMNLEHRL: BEOEEHA IIFRELTHSLIN BERIEELE
42cm ESEIFERLI-PTHREKRELN. BIEXEC BEEEFTHD RADKRBOREIZIEIMHE
£L. HMUANRIST2~3EXDOHERN ST IR, SMAIDRIROZMEIZHSMIEMEREALEL,
SELEVDOIFETHD. BEKREI—HIHFEETHH. 2KITFHBRTHS.

Phylloceras sp. IEREBDPICEEFEN TV -KEE10cm DRE/Da—ILhhoFEHLE- EXDOE
ZFiX1cm THD. BINEK BHBETHD BERT—BBIFETLIOATHS. SE. &EEID
HERLH-2BHKB—0O/Ca—ILhhsER)ITOVWTELREDATEEME N HS.

SEOFHETIE RERESATWSEBERERINAT LEDIERIIZOMEBETIIMOTOHRE
THD. N kurdistanensis | Tithonian Z7RKL(Spath, 1950). W. opulentus IE Upper Kimmeridgian
%KY (Treatise [ZXD)ELND. ZDIEMD, #ERBD TMRIE Upper Kimmeridgian (28K S\ alHEtEA
EZOND. EHIZFET hoDERERVTHAEMMBEMNLEREZITOHELNHD.
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FTRY MY =WV 7 VR —REF Xau F ¥ — 2250 Pseudodictyomitra
carpatica ® (¥ 2 R EK) BMEERBEIZOVTOHEY b B 20K

PRI R M BEC - ANMBERC - BB M RHEEE 9 BT E&e
(HBEKX- B, AR TEYTER, HFBA - K¥ERARHY, BEEL
TH F %)

Xalu # v = b, Y= WV 7 R-—F 714474 PEOBBEELE D, K620
(AT 6. COBRERBYE, AV FRKBEESH IOy 70 CIEA o TV &4 57 F
ADEEMHERWENELT 2. HEEOIMSE, 25080 m B EiEL, MEEHF
BKELHOTOWAAFTFRAOLMEFHRUERT T 22 THARN R LML T 5.
INF T, Wu (1986, 1993)iC & W IR IbLEORH P2 8, VasEHMB L THN
ARG OBRIIEESHRESIN T WD, 1998 B X U 1999 £ DOHKIC L Y, Xialu F
Y= bSO L A2O00 M (Xalu Wt 2 vyar, Xaud#tsryrars) i2o2nwTiZHH
M2 BRI Efr v, BBRBEEORI 21T o7, £O&R, T2 7DD S FITHA Y
HAC W BERMICIZIZTEST 52 RBMEEFRN S (BMIED, 199 w7 aH
WHEE). A, TOH3L 727K (ZvwlalERKY) oFRIHEEBEISTTLENS
Pseudodictyomitra carpatica 4 O B ML OWT, WAEYBHZNB A2 RF T 5. &
DRGHEE, BT KR K 2 KT B o A B X Vallupus  Territory  ( Matsuoka.  1995)
HEESISNTVLENEHICEINS.

Xialu # ¥ — P » 6 i3 F & L T Nassellaria 2* & % h Spumellaria % 1 9 R 47 K &f o B b 4%
Hoh, LTFDL D 2IRHEE S 7z . Archaeodictyomitra, Archaeospongoprunum, Cinguloturris,
Cryptamphorella, Deviatus, Emiluvia, Eucyrtidiellum, Loopus. Mirifusus. Pantanellium, Paronaella, Parvicingula,
Protunuma, Pseudodictyomitra, Saitoum, Solenotryma, Stichocapsa, Svinitzium, Tricolocapsa, Williriedellum, Xitus,
Zhamoidellum .

Xialu @ P. carpatica 17 B % B B 46 (X . Matsuoka  (1998) A% non-tropical ® % ¥ & A % L 7
Eucyrtidiellum, Protnuma, Cingulotturis, Solenotryma % ¥ M2 & &, N ALY R T 2 7 Ht g O 8y
HOOEHMLYBOLRFRIBELRIFELECEMTS. —h. KFHFD ODP ¥ 4 b %
AX v ahENHORWGMERETHAIMEL I, Valupus B2 G F v & v o 72 HE AT
5. F£7, Hsuum J® % Napora B D & 9512, BAMOMEICQRILBHNECEEINE Y 7 4
BHEHLTwEY., Y23/ KKK, BAIRO Vallupus Territory % # A T Wi Jb il # 1<
non-tropical EE (LT 4RB) ORBBIC LI > THEHERSITOLNEKMUATHL Tz H LW,
Thbb, RUELTHKATHEGZUNRCH>L2VEYHBX TP NS, XaluF v — D P
carpatica W BB BER I, LR EIEOMEEIN KL TwE EEXLONS.
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E@EER LM THRS 2 S RHBHRIEEDHEEL
~ 17 B ET SR Nassellaria (DWW T~
RAEELE - B Rk (B@X - H)

FEAERIZIE, VOO DBERBOARBEEMASNTNSEA, £D 3B Oceanic Anoxic
Event (BHEEMESEL  OAE) :2M5BHEEEMNRAEAEINTNS.

FND>H Toarcian IR I >/ E EINHBHEELD OAE 2D HDLINTWNS. Hori(1993)
13, Toarcian HEHE LD BEE A THEAD 1 DOV ) —TTH B Z TR Nassellaria DFf
KBLUOBBIIER AR SNB I EERLE. LAL, HL XNV TOERMHAERTONT
B5T, 2TOLY 3> TIOXIRELERINEINIBASHITR > TLARN.

FFFETIE, BHIEIR Nassellaria QL NV TOBEERLICEB L. URNOREEBANR
ROBRBEICEDLIREEERIEFLIENZHONMITI0IC, EHRRMBEOTEH 2
FHRORF v — M TR 2T <.

B OREUT, Hori(1992)DB1Ilit2 & 3 >R D OAE EHAEK 95m ORYEABEEL
22a hOREIC< OAE ZHAKHK 16m OMHTIMELIZ2FABETo /. ML &K
BRLUZEE, HBBRORERENBRIFTEL NV TORITNRERREEZEELT 2.

BATIZIE, BANSED B L /=2 MR Nassellaria O 5 % Praeparvicingula gigantcornis, Hsuum
altile, Hsuum sp.X of Hori and Otsuka (1989), Parahsuum ovale, Parahsuum(?) sp.B of Hori and Otsuka
(1989), Parahsuum simplum ® 6 HIZFBHL T, TNENORBE, HICAEZTUVROEX, A
ESERVROEE, ADKREID3DOMAEEAL .

Hsuum altile, Hsuum sp.X, Parahsuum ovale \.ZDWTIE, BHEENDRHELEET—¥
BESHMNo /2. Parahsuum(?) spB IZDWTIE, AZSERVROEIIIOVWTIREILIZR
STV, BREEIIBTZ2ADOHADELIZT, OAEOE— 7 EEX 5N MMEE T, 13.2%
THHDIIHL, FTOEM Imy. OBIZ 24BFTHMNML TS, HBHEWAZED
Praeparvicingula gigantcornis {3, OAE DE— 7 L EZ S NS RHMELIEIC L OAMIBTE Mo 7.
L8R WA %D Parahsuum simplum 1%, OAE DY —27 LE X SN2 BBLIANIMATE
N, ETOERMRTERN .

BEDOHBRTIIADRIBAEBEREIIHBENDD, RVAZFEOLDIFELIVENET
AIZEATNEIE—RBRIZEODNTNS. £5FX %L, CORBAICBIZ2ADEIDOEHII,
OAE DMBITHEI MM BEBRRORBEN STREANDEND EZRL TV 00 LR,

Morphologic change of lower Jurassic radiolarian fossils(multicyrtid) from the Inuyama Area , Mino
Terrane ,Central Japan.
TAKEUCHI Mutsuhiro and HORI Rie(Fac.Sci.Ehime Univ.)
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i%%giiﬁiﬁ@‘?.‘/ﬁ“‘/z7l ) 2 —)L ’)L—%ﬂiT%

Va7 PR RILGEE
AN E—( K& 2§ WHE)

RRFTEERBIZATEF v — b BBEL - T 22 BETLREF
r— P LRLZOLEORTREIZIE., SROKBEAE 24 LKA 03mm b
LEMMAT AV RT 1) a— VA EETE, THOZRT ) 2a— 1t Ek
12k ->T4% 47129 6hn 5,

A7 Fr— b CHAREAGPIZHAT 2 (RF - KATO1. KUAOL),
$4 72 HEREFIRRIZFE L TET 5 (X# - KUSO2. MIKO1. MIK02),
473 94 720RFIhBEHRLEZL0 (XH  KAMOL., KUS03),
474 “opsre s HRELTET S (XF  KUSOL),

SNLNDAT 1) a—NIle&EIhbHEBRILEEE 2. Matsuoka(1995) D
Laxtorum (?) jurassicum 3 %* & Tricolocapsa conexa # F&IZxtb X . 8 R1L
% F4X12 Aalenian % & Bathonian ¥HTh 5, 4% TIZH% X 1/ Tricolocapsa
& %> Eucyrtidiellum /& % 0 23R4 I12 X -5 . B8 H121. KUAO1 (Aalenian) .
KATO01. MIKOI (early Bajocian) ., MIK02. KUSO1. 02 (middle Bajocian-early
Bathonian) . KUSO03 (middle Bathonian) DMEIZ#H L WFRETT LB b 2,

BRHOBBEAEFRYE, KL ERLLAFr— b+ - HFRBEL -7 2
NDRABER7ERE, N9NLDMEETTLTRNL I IZ4 5,

P T AT
Sheet3 = = &
MIKO1 MIK02
United Sheet2
Sheet1 ® © = *
KUAQ1 KUSO01 KUS02 KUSO03
Unite2
Unitel Sheet1 @
KATO1
R - X 53
(%BE8.1997) BRILEH Laxtorum ? jurassicum Tricolocapsa plicarum T conexa
(Matsuoka,1995)
[ R T
A7z a—NLDEAT @ 341 =: 8472 €343 ©:3474
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5 E AR & 0 EM L ERRAT '/ 1 RMifa -
BN Az OUNK - B - T B CUNK - D * x

A RIFEBERLELEFEHT DT HIBICIIEERNL AT . IS &K
KROLBEEHL, CThETICHAAZSUEL OMIRFICL > THERZR WMD)
NENTERE. LaLans, HEFTHREIRDODWTIEZOME - #ENHTHD, Tl
VT AERBUICB TSRO B EDRER, £T7 E/ A MMLAll XMt E DAY
SRR RN OD A TRERMBEER>TNS. ZOZENSHARBEREIIDWTO
KB EOREISBROER 7 CTHBOETEMEIZL > THERKYTHE LENAS.

HE SIIWAFRREDO—REL T, 19894 K DIMEITNIT THREITED 7 1 [EAL ARt
&2 LSBT ETY, TOIBEY A ALIRICALE T 23 (5 2 /N2 HUR - O A by, -
VR FOHERT TR/ A RMEBZEHRELE. IO L0 IV LKEOY
E /A FiLATIBOFE (Prototoceras sp., Paratirolites aff. spinosus, Pseudogastrioceras
aff. szechuanse, Pseudotirolites sp.. Tapashanites floriformis, T. changxingensis, T. (?)
sp., Huananoceras sp., and Xenodiscus sp.) B E N7z, TS DOEHBEIEIRIVLRE
E# (Dorashamian) & XN TH D, {LAIE—EE Ishibashi and Chonglakmani (1990),
Ishibashi et al. (1994) IZL D BHEZINTVEDHDHFENSN, TOEBYIOHRE L/

5. ¥z, O ML D GRET~RBRIHEZRISEOEDT €/ 1R
(Pseudoparalegoceras sp., Gastrioceras sp. A, Gastrioceras sp. B, Branneroceras (?) sp.,
Paralegoceras sp.. and Cravenoceras (?) sp.) &\ 3 7=, Z DOHhl Tlid Kobayashi and
Sakagami (1989) 12 L D ZEHHRIINE < DILAHERHE SN TWDN, 7oF /1 Meaosn
F RIS RINHDTTHS. £/ vk N 513 Pronorites arkansasensis &
Cravenoceras (?) sp. D2B2RENRIE SN2, OB TOARKE Y > E /1 RIbaEL
TP OMEHITH 5.

INSDOMKIIENTNT €/ 1 MEARL D HLBEEDOHHIRENTEZHDOD,
REFIREDHKETALARNZ LW I ERBEDOMEICED, FHRRRRESCHHICEEST
Wiy, LOHLABNRSZEDEIBIIOBEATHD, BERCAELFRTHDEENVZS. B
KOBEH, EFLFEREEINTOHHEREMKL TN ZET, FFRMICHFHL XL TD
WiFEREL, AWM 7 7 2B TO N BB E W R AN I NS,

Late Paleozoic ammonoids from northern Thailand
**  FunkAwA, M. and IsHiBASHI, T. (Earth and Planetary Sci., Kyushu Univ. )
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HRAL Welleritidae 7 VE ) 4 FicHD 0 CoFiamk
PUHECHE (B K - UEHH) - AMIB T (R e i)

DHiOBRTCYAMET AL P VE ) A FOBLLCOWTHELEBCHALAE, =
DEBD—D Welleritidae BI7VE I A FEOWTOHAEhHOMBN S 0= o &
HMABKOWTHRARS.

1. KBRTORBFO 1 H>DOAKENERIOBE2BAOTVEILAFRVWTH S
Z DB D Eowellerites moorei (Plummer & Scott) TH3. ZDOEMA ST XV FH1L
ABRERRELTHWARVY, REFALALEBDDTOWSHEBENEAREDTVEIAL FD
EHEGLR5.

2. HEANEANBKITTKKD Wellerites sp. E/BTHWEEMDS 2 Mk Eowel I-
erites moorei (Plummer & Scott) AFHAELHB L. Wellerites & EKowellerites O
HEZIVNDOTOLBLES.

3. KERIKHBKBED Wellerites kanmerai K.& N. OBMKREH O MM X Y DAY Fhi
CKREORERIFREANEOLE. AV A XTCOREBROUBETEHEUVELRD FhH
PROHMTH 5. Mapes et al. (1997) MHIEKRA NS A M (NPEBIEER) 5 W cf.
W. mohri Plummer & Scott & U THMUEBEEDT VE ) 4 KIBABRO LB TIE .
kanmerai T3 3 [HEPEA . W. kanmerai FHEWH OB OP R FHIC Eowellerites
moorei BEHi B LA Hi < .

FERRKARRO7VE ) A FERBMNEIFELTHTY, TOHCRBAKEETHCE
R 2L E2ALNERE - BRERISBLDBEAKIBEINS. ZhH KOV TRRHF %
BEDHTNBED, 2 - SORHERT.

CNETCOHBRD ST Eowellerites moorei ¥ Wellerites kanmerai O HEED K
HUEYD b LTSN BN, SBOBRREET 5.

W BB CZOBEUTEIMMD Winslowoceras greelyi Nassichuk A%EI Hb
S5DOBHMHRNTNBIENE, ZOBRDT7YE ) A4 FXIEKRANBEEY> S HICH K, hEE
METER, PR7IFPICELLTNS.
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il o — o 2AERTILET v ~¥ /<=7 Y OB
MAAZE (WASM) - AHER (EEXEUEHEEB)

by 2 — o)l LHA BROBERBFICOVWTIRT. M. 2. JIZBEN96). &
I, 2DMiASH 2, ThoICESEEHLMERZMEKRL. A/C. C/TH
WMROMBART. SBIERIAS C S THRIBIN/AA/CHEFOEEICREM L T,
SOAIBARRY 3, HBRPROXHREZEBFEXSOEIERE L, hoBETIniH
Yo WBXMIT. M. (42) (—EEIE) ZHW 5,

EEMHIcEM ST v EF A MELXITHS BICTEXREH L TW5A, If:Hortoniceras(i)
cf. geometricum; - b1 F#8 ; M. (M. dcf. stoliczkai; ITbl E#B : M. (M. )rostratum; I b2 F &8
:M. (Durnovarites)sp. #Kth ; b2 L& : Mariella(d. Ybergeri; Il c:Stoliczkaia(Lamna-

yella)amanoi, Graysonites cf. wooldridgei, Hypoturrilites sp., Mariella oehlerti;

Id:Hypoturrilites primus, M. (M. )cf. quadrituberculata; IIf:Mantelliceras saxbii.
CNSDBEIEITERICE T ZT U EFA MERICHETE 5, ZOREMMISICH TS
A/ CHEFIZIZFN02 e ICERETE S,

FEHEARERICOVWTIIERIEIOHREENH 2. Lidkobhish EAIICA
CHRZEHVWTWS, LA LIABETIHEREEN L TZ2EL—HKRCHETHL ., BEOE
£ 0. BILAOEHERERMAT LEBL RV, ZOLHEDOFO - LOXEDOL VY
ZRTOTHULSRBRGICHELWENDG S S, BARIBENIA /CHEROEEMSE 7
Z » X ®DHarncs Bleues FJETIiIRotalipora ticinensis O L O &R. globotruncanoides
DF OTHEAERDT VWS, BMBTREIFIRHINATHISWL, HHICHZ HDITjunior
synonym DR brotzeni LI NTWAY, RIEOEODF ORXERIZIHNDRREBEL b Hvis
H(>300m) THLICIEBXETHB, 7R appenninica DV U JiF A/ CHERA & /- CH5.
LM, B. EETIICRERRTHICBELTW A,

EAFASRICOWTIR, FEEBHLTKS - TEH ; HLE - AEHLRE L. mBEHEH

(95. 97) DOhicHiELNH B, FHhick 3 & Textularia hikagezawensis BN CRA &

O LEWHREROARICMZ T, ZOEED 1 BT BReophax clavulina A3
T. hikagezawenis O FPRZBA TEHF FALICERL E ZENRFINT WS, ZhigAH -
17 o0{bAEHEGLT. A/ CHERMEEZRFT 2BEICIHICEL & TH 3,
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ALAEALE, D O EROREECRRFLEARF v R ERYDOILLE

BRIEL (RMEAERERBTHEMER) - SKkHEZ (RREALEEEE) -
EREER] (12 FA L7 AM) - FHLE (RREAERESEH)

It EPEBILWO D) BIRORFEAFIRIZ, Matsumoto (1942) 2 & h KU FER LGB
FRIROBERRDO—D L Shi:. MUk, EBROWEZICL W BEDIRELATVES BT, 18§
Fizh, 1967 ; B, 1977). L LRFENNFIRIBHAL L 2, »2OMRICE - TH UL
PRHVELEDNL-O, BENFEMAEE Lo TAELRRY, F-KBLEREDL +0I2RY
ST,

PHMIROBERII T L h ZAREEH, THRERBE, DREREEY, BEEBERUERBGE
oD, ThEHFE=ZRKAB P EMAEESTE->TVE. RAEBELRUV 7 ILE&#&38 i3l
EWMRUZARBRVIAHL, TNLEEHE LT—KEFHHETRT. FAERRTHLLEENIIFKER
BEMMEEOTREIICAHEL, B —ICHILT, EXMYICHINEREMCOBEIELET S, X
BETIIPHBEREGHOAHNAER L ) EMNOBE T2 E5H8FE, KMCARF*HETS.
o, BABOF x AN L VEHLIZBORILBICOVWTHEE TS,

FAEBBAROTRERGRIITMLD, FIy -V 54 MMOBEREERB L VEAIELFER,
B LAHALERL, BRREXHEECBRUCRERUBERE S VRA2EANINR, BEREERBL E
NICHIESNIRE, BELVRAEABICKGgEhs., LHRERBGEEITMIY, WIKRBE L DK
AHAIRENRE, BEREEBRVFNIIRESWIERH AL YKL RME, &< EAELER
L, BKE*HECBUCBERERURBENELVRDA VI VFARBICERSEND. BRHBERE
WD 1 BBIVES. THIZEIC, REIERCRUCHENBEI VRY, ERIEC, BERER
B, REWS, ®KELDES.

CHOLOBMBLIHBONLTVEFA MR, A/ S AABLREEICTEE, /=7 —F
2—O=7 UEERPEANRBLB~EARTERIC, Fa—u=7r—a=7 7 /BERISHAER
ERRWIC, a7 Y7y T BERPEARENR~KBIBAIIC, v =T -V
N T BRI VY VA BREHICEREFRS LIRS,

FEHBEROELAKEDEARTEBIZIE, FYry AVBEYBOTTELLEDLRIBERNS
BAETH. COGHEOMMFMAMCML T, B - MHE (1973), B9 - 4 (1975) THARLHK
TWw5. Matsumoto (1942), #Z - fH (1973) oHEHKICr b L, TOBEROBRP L VLAV E
WL, #NOIEARBICYEIZR 55 Inoceramus hobetsensis, Gaudryceras denseplicatum ,
Tragodesmoceroides subcostatus % ¥ THb. ThbDtAXFUCBIIPERF 21— =7 VRHKRE
HEsh, BIZABBIEVWEZZOLNS. 40, BEELOREIIBVT, TOREROBRUEHR
PoLEBOIDILAERES. XEPICE& FA Inoceramus hobetsensis hobetsensis (2ED &, XE
P EF 2 —0=7 VB ER~ R Fa—0=T7 /ETHICHEEEINE, LE2ALEESIE, BEL
TRYATNARREARMP LY Fa—0=T /BEBRTAILAL EDIC, L/ v=T VR%
i&¥ Inoceramus pictus minus * 7. Thb Xy, BEDORIZIE, BIZFEKBISEVWDD (T
POEABEH D AAL D, ZORBEICAKEAREER) & LB E/ =7 Y BHEO L DIHF
L, SOF XV AUPBRBORBEEZHIDRAALZI ENHLMI R/,

49



DAWAEWFES2 00 0FEFEXTRE WA 28 20004E1H
MORPHOLOGICAL DIVERSITY OF THE JAWS OF CRETACEOUS AMMONOIDEA

Tanabe, Kazushjgel) and Landman, Neil H2)

1) Geological Institute, University of Tokyo, Tokyo 113-0033, Japan (e-mail: tanabe@geol.s.u-tokyo.ac.jp)
2) Department of Invertebrates, American Museum of Natural History, New York 10024, New York, U.S.A.

(e-mail: landman@amnh.org)

Jaws (beaks) and radula are occasionally preserved within the body chambers of ammonoids whose exact
taxonomic relationships are known. Based on such in sifu material. ammonoid jaws from 26 Late Paleozoic and
Mesozoic genera have been classified into four morphotypes: normal (coleoid), anaptychus. aptychus, and
rhynchaptychus types (Lehmann, 1990; Tanabe and Fukuda, 1999). However, a question still remains with respect
to these morphotypes. because of the presence of an intermediate form. Furthermore, one must consider the
degree of taphonomic loss in actual fossils prior to morphotypic classification.

"We have reexamined and compared the jaw morphologies of 18 Cretaceous genera in the suborders
Phylloceratina, Lytoceratina, Ammonitina, and Ancyloceratina, relying upon well-preserved specimens from the
Northwestern Pacific Province (Hokkaido and Sakhalin) and the U. S. Western Interior Province, in addition to
previously published material. Our results show that the upper jaws of these genera exhibit little morphological
variation. They consist of horny reduced outer and large paired inner lamellae, both of which are united in the
anterior portion forming a sharp rostral tip. These features are quite different from those of the upper jaws of
extant coleoids and Nautilus, both of which have a continuous inner lamella. A thin anterior calcitic layer covers
the horny lamellae of the upper jaws of Aconeceras (Ammonitina, Haplocerataceae) and Scalarites (Ancyloceratina,
Turrilitaceae). The upper jaws of Gaudryceras and Tetragonites described by Tanabe et al. (1980) and Kanie
(1982) are probably deformed lower jaws. Thus, the upper jaws of these genera are still unknown.

In contrast to the morphological conservatism of the upper jaws, the lower jaws of Cretaceous ammonoids
exhibit remarkable taxonomic variation in their relative size, overall morphology, and the degree of development of
the outer calcitic layer. The lower jaws of Phylloceratina and Lytoceratina are characterized by a well-developed
univalved outer chitinous lamella with an anterior caicified rostral tip, which appears to be effective for a
scavenging-predatory mode of feeding, as in the jaws of Nautilus. Those of the other 15 genera may fall into
either aptychus- or anaptychus-types, but this classification has no biological meaning because of the presence of an
intermediate form between them. The lower jaws of Acanthocerataceae, Hoplitaceae, Scaphitaceae, and
Turrilitaceae all possess a widely open, large outer horny lamella with a median depression ("hinge") covered by a
thin bivalved calcitic plate. These jaws may have been specialized for feeding on various kinds of microorganisms

and could be accomodated within a buccal mass by bending the flexible chitinous outer lamella.

Lehmann. U. 1990. Ammonoideen. Ferdinand Enke.

Kanie, Y. 1982. Trans. Proc. Palaeont. Soc. Japan, N. S., no. 125: 239-258.

Tanabe, K., Fukuda, Y., Kanie, Y. and Lehmann, U. 1980. Lethaia, vol. 13: 157-168.

Tanabe, K. and Fukuda, Y. 1999. In Savazzi, E. ed. Functional Morphology of Invertebrate Skeleton. John Wiley.
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[ENREBHRGET VA FPRTETY S 1 FOBEER
WA e - EROKEE (BRIRX - 5)

7 ouFA bORIT. HEIRGNTRERINEREL. AL, TLTRYEESD
WLIERRELTEREIN DD THLERRBTIENTESZ. ZENEREHGETIIVIL.
ZOEEREHE SN IBRTETE . T 1 FORICLELERET 5 < VN DOBRK
B EZMRT 5-DIRBINTEZETINTDH %, [AENKILEEDLEEE EZEKDEN
ERUIEDEDIZKBERGBICHA SN TV EEZ S NDEIETH 505 BIEMOH
ERPRZVFIZIRERRFENHRENS 1O LERZTBERERIZLZWIZHEML T
LED, LEM->T, [BRERAGEFIViICENT, <L, ZOoRBMNERDT
ErGAICREROREZ —RELEL BROBEREIEZ ZLICL> THS AR
DEFHZENEEHRHL L ZESFTHD EHMRIN S,

ARETIE. RIROERERIETE720DI2, ToEF1 FORBICHFREDIE
MDA EEIITREL LI BRBE. HINETHAEREDKBICL > TRO—BE 5%k
STLESESERIC. 72EFM PZEDISBRBERIEMNENEINIDOVWT. 2 Ea
=¥ Ialb—valilEoTFHULE. TORERELTIIRT,

1. KUNDBRETET T ERBRO—HEELS &, RIZEC A< UNETORIKRIZ
B<h3d, Zhid. BoBERICIIMEBORTEN—RINIEIEL. RbhBroikz
BIERT 5 EFEHFICESRE2OBOHEZDEEZIETLUEN, TORE. BHEMNETL
FFRE TR A—TD2850L D BIAENKENRDRIBE-DTH 5.

2. KUNMRETBTY T MIMAFEDN DL &, BEBRICE U S UVNRERBIIE
Y, ZHICHEWBROOIEARIINEIL RS, Zhid, fFEVOAROLRET. KEN
WORMAHIH ZND-DITELZHDOT. BOMENBEH LAVSET. BOOHEAW
MBMT ENXLSBBEDTH 5,

EBDT > ET1 FOBICRET B UVNOMRIE. WS RAFRBRTIEH 548
Gaudryceras denseplicatum XX Yokoyamaoceras ishikawai \IZ B W TIIEEE O
D CNOBRIZEN2BRNH 2 ZENEND SN KUNERDTY VBT A I
MBEEMEEDITRELZEVWIEBOFAIIRI TERMN S W < VhEfRlRRnT >
EFHA MG BFEWE & BIZKE L /- Paviovia iatriensis DF T3, FEH. FOOHL
KBHANI BB ENwEND SN, TOBRHFEIZL. Pavloviaiatriensis N HEHIBIZ
RENEEE DI LN TERLOTRAL OLAKEIC—EDRENEBEZMHRTDHLD
BRAOMEREZHT L TWEEBEZIRL . BRVATFHZENILIERTHDIERR
TIENTES,
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“BRWHERHE”, WO DOEHTETUEFA b

—itilEEaRRAMEO AEcE ) =7 Y HOH —
NE XA (ERPEEYAE - i sesn)

PUoEFA MEOE RS EETT B8, 7 EF A MG EHBEOBREIBET 22 &N
ZOE—~HTHB. TNET, “BROHEMEE" »5I7HY Mo REREEBVWRERMZ S D
HOH, FOWHME” »S5RTFRAEL S RERERELEMDPERH2VEFT N OHBEHT S
LEDLNTE-. GFREESE, SHEOAAELIERICERI N, &ZREICRERT 1 -
FTCdHd. UTOHERBEHIERS 3 BICART AL/ Y= 7 U BENRICT o EF 4 MuAHE
CHERMOMBRZFE LR, LILoBEHRLEIRRZH LWANRESE.

[FREHIIR & HEREAE

=54 ESRERRE . PERERBE=E, HCS IbE L EEE, MNRAIPERE.

BRIt H R . EEMEREE T, EVHEELEES, SMUREHIAR.

SET RS R hEEREHARORBELIMMEARE (BORE), EEERRESE X
TS bIaREEE, KREREMLIE.

[7EF 4 MuAH

T/ v=7 0 #EFERNREMETIIER, _KE, 781 NEVNEETS. 7
VEF A MATIE Desmoceras (FRAEX T ) & Zelandites (V) b5 ) BBEHTHS.
FThH N EZREE, 740728, Y )FRABEIMIETS. RYRMETIT7EFA b
D Desmoceras DB TH O, 7hy b eSS RAFEREIHBTHS.

Pt ) v =7 B SENERRRNE S RS TIE, 78 F 1 MURIZBETH
%. Desmoceras DMBET, T Anagaudryceras (') bt Z$8) D%, $RTOHUHIZEH
T Calycoceras (7h> b5 28) M EDBETLTET .

LEt ) =7 B SEFERERMIGTIZT €1 MeAIZBARTH S, Desmoceras
MEIT Austiniceras (5 AELZ M), V bS5 REREDVRKICETS. BRRHETCET
EFH A4 MEE Actinoceramus (ZHBRME - 1 /€S LRE) HEBETS. 7UEFHA METIE
Desmoceras WWEZT) b SR, 740X, VI IFREIRKICET . KYEHIET
X7 EFHA MEAIBUREITEH S . Desmoceras BT Puwzosia (GAELZ M), V>
A, 7407 2ABHWICETS. 3L TH L M I IBIREHNTHD.

FRRTHWEERIIONT, EREBEOWIBORED S EREZIRGTTTI L, 20EE
HEEROBERITS L L DOERWOBENCH D EELIoND. KFEDT—YLINET
ICEHHUCTER L7 o EF 4 MHROEHFERARICKHE L, UTOMREE:.

I REAFMODEFLWT AL T XM, ZOEHEBIIENDS, “RAHERMB”, PR
” EHICETS.

2. REKAMDFERT XE L5 IPH PO DA ST “ROHERBE T H8d 3.
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ItBEIES LBAER D SEHT 5 Neophylloceras D2 7+ / 3 —

MIZRZ (RMAXFAERIETZMER)

Phylloceratina 71 MEDID—BEB T, =B SABLKRI TCHELIZEALET
S €9, KEH 65~480m ICH WV TEXEEE LTV EEZ 5N TV 5 (Westermann, 1996).
EBEDEHBRL 7B TRERICENTHED, ThLOOMEBETIHARY SBESH
TW3., —fRICEESBIPREFESNATVAVWI EN B, BOBY T TRESNA TV ABIIIIES
{IC4 % vy (Howarth and Donovan, 1964; Cope, 1992 % £). 2D & 9 L {LREIXE Phylloceratina
KHEVWTHBICED SN, FEEPOBENEIHIPOSEHICEABTOLIBEETH 3

(Birkelund and Hansen, 1975; Birkelund, 1980) &£ A Sh T 3.

JemEAL s (RIgR)I, TR, L5, Ehitg) OLMEBER (2 b7 »OE
¥ % Neophylloceras (Phylloceratina D —&B) tRFHICERBAVEDON-KETERET D
DHWEEAETHD. TITEEE, ChoDY L TIDILEER (& ISBADOTEIBREEXRE
- B3GR E) (BB LT, Neophylloceras & % DD 3 ¥EB¥ (Gaudryceras, Damesites %5 &)
EEWE -RET I &L ST, FAEHIKICH TS Neophylioceras DR 74/ I — 5 EEL
=,

Neophylloceras DL BRFEIRIZEEHNBEIBL TW3 2 &SR, TOMOIBEOILRER (B
B BR - (IREMLEErBOSh GV E, &/ V12— VRTEAABRERE GV E, &
E) ERMU T&VY). Neophylloceras DH D HHERIERERT & b LE K TS DO NERE L HiE
T3, £A-—MIBEOBEH BFHBAOXRKOMELVARBICHEET I & 5, HIBIZHIER
DEBICES>TEL-EEZS5NS. LD L Neophylloceras DIEBE DR &, ZEAEDIFEEE
H 3 ENTELL. Neophylioceras & ZF MLINDHERBF ISV THEDET(LICKZ LHEEN S
WZ &, EHICREOHEESLUTREEOERPHEL LW & 2RIEMICHBTEZ GV ED
5, T A EHIBENBBLBABRRP SEH LAY TLTR, FEBIORELISNOE
EHENTVBAIEEMDFERICE. LEBDILBERDY 5ERKT 3 &, Neophylloceras (${LHR1L
THLRNMDBAA TIRARER ERUBEBIEL D5, LB UG E TTRMIEERIC
SoTBELEEELADDONRUTH . ZDI-% Neophylloceras DILB R HEED SBEIR T DX
BEEZHETAZIERFH L, ZRHEBICL-TEDONAEERHBRTHII L EBRTIY
BHhH 5.

SHDBEE LTI BIBREICIS AT EF1 MEDOBZEREMMLBREEIHEBESHICL,
FESDNDHE £ EET D Neophylloceras WENL H KIIRIRIBEH SEHT 22 2388 T 541
ENHIEEAOND. T/, ZHOBK - HIRICH TS Neophylloceras DILRER S RN &
TA/I—ERTHPEIDPEVIZELRKREVRTHS.
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RUMETFES A & Polyptychoceras B H 1T 5B WEOMEN & T ORR
FREX—H (BBXF -B) - @R B @EXE B

PUEFA FORBIZIE. LIZLIE. £ERICECERBROBRZHALZESNAROND,
Okamoto and Shibata (1997)I2& U BOEERXCERRBNHLIBEHLMN TN TS,
Polyptychoceras =B\ THBERERITT 5 & (&, £EFHOBOBREBENEDRE A H =X L
TELE-OIERBTIIENNY ELDITHAS5. TITEPRTR., LHBEREHED
Polyptychoceras ¥#95 5 OBEEME & L. SIBEOFERR. BOBRIHT SBEORGEZHE
IR - BN L1, TORRUTOWEABELMNILE ST,

1. SEERMOTREHCOORIMEEA S &, TOHMICH B —ICHICEET S
WEn B, Polyptychoceras FI=H LTI, HRHIEEKEL & Y B BEFENGE & S HEPAIICH
BHIZRET D N D, BOBEILEOHNZITHhA-aTREEMNH D,

2. BESLZCIIBATEL, S1-BE. BERFIRNIRRS R 5B HPEL R 2RI,
FOBIBAL-VEROBEETT, COBMHIHIBEEOHMBRT S5, -, COLSLEMOME
I&. Polyptychoceras SBIZI1 TR EREBET VETA MIBLTHLLIZLIEERI NS, Chidk, 5t
EEANE GRS SRS HEHIREL. TOBMIEIHIEEOBRMEEL-C L E¥KkT 5, &
512l Polyptychoceras b iz, NHBMETH-CLE2TRTDHILDTHS,

3. BEAFET DREIL. SERIY L - BEROAFNSL\, COBERIZARETIILL
M. SEMOFHIBOBRBREN LY BN, RNTLE. SEEAEAVNSCRRESATIND
Dh. LI SERITHTHEREL S DOBEAUIE LITE D 3 Y S S hiah - =BT
5.

4. Fl-, HEITON-BMIZ L VBRLCRDE, 32—V OHMENE - EHB8LK, 4—#8
BELIUTOERD L v 7 MM ZNIZRE, O+ 7 FODREIIRTHD (DBMR), BOREBEREIL.
T4 D FORTESA MDA L Y £BLVZ & (Okamoto and Shibata , 1997) 2k 5. BMNTOEED
WY T2 BRTELGL, CAITHAT, £BROLSEEICMAL-AoADERHI S L
TULSaTREEA B D,

14
12
~ 10 |
8t

HE(%

oON & O

— A
ﬁ>~7h 54— &9«7: R

(B) S—Eizhils ¥ HH3IRHEEE (9 5 %EHEM)
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HEREFTHEREORRE - BV X0%ML F0oN%
MR (K - B

KBRS By OFETIH BT I3 AL O SRR~ MR MR 2> 6 72 B MFTBRBREA 95 LTV B, (057 B B O M A
M= F ¥ U — SR~ MY TB. 782 L TRR SN, TRCORBIIEL ) “HBLE *EH+ 2,
INOLOHRMBOS b, WML 2 BETHER SN, FABIL Albian, H/1E. Cenomanian & £2 5h 3
(Matsumoto,1953 72 &), "6 DBEMERMOET 2HME LT, LUTO 3 ANEF6N5, (1)LFkiL
EXNITEI B EFRRULD v —F 2R BB, QIO —4 L R & Iz AR EHRIL - BEE
Dz=y FTHWEEND, QECZKREBENIORIHARBE - Lo XNBFEEICRL RETS, ERRTEIAS
DEGEVHILT, EHFARIL - HELDOY—F R - 2=y FeEBR - Lo XORET /B L ORHER.
NI _HRICADRBEOEREDVTHRN, B, BRE - Lo X3485 3m UL LICE-> TR XA
EELR2WEEEABBLE L. TAUTOLORRAR/L X L-(BRRBILES. K 10m L E#HEL TV 3),

Ag - Vo AXD77 7Y y 7 3RBRENLOREEXFET. ZORF). AF  MRRILICESL . MelitEn
MOLDIX, BIZEDOHFRMNM, —F, SHRHEREY TIXER I TR convex-up DIREE TEFIT 354
BE, TNODORBE - Lo XOMFIZHE SREATASKER. B8 - Lo X3LEHMRbD L — o %
EFARIE c BB —F  ROBEMPATE LS RETIZENELOND, EHIIIhLDY—F A%
K5, 2=y bTHRLPEBAMNRONIA, BBkTE —4r ARNOHKIL2=y FTIX, ED Ry
HETHLABB - LU XBREET S, L2L. ZTO—FTHALT B —7 20 EHHIRIL - Hkiko=
=y bTR, ZOBRLEHOTRRE - Lo X3 EAERLRRN,

Kicz=y FOBESMPBETHBREINIARKE - Lo XD 5, BHHFEHRIOIONTHERS, —KHMIZE
FHRLL & b D2 = v F OBERFHE TITHEOEE A AT % 728 condensed section Ak S h, RikEH
#iEJ 5 (Kidwell, 1991; Kondo et. al., 1998 72 &), £7-. HFPHOBRGEIV BRIV RV B EIT epifauna % F &K
ETAILBHENRFER INITNMON TV S Kidwell, 1986), Ziicxt LT, MFTHMEIIIHEBEY OISR
KEDo7=Z & HBREE N (Komatsu,1999). D L ) RERMENDKETD epifauna (ZEET. ZHRLAIX
infauna MEEKTH D, WAMIIZH T2 EHBRIE - Bh{koa=y FORRFEICKT2R%E - Lo X
DXL Pterotrigonia & Cucullaea T, ZHHDOETEED 0% LU L 5D EHENRE,

& BIZ Cucullaea i, 1 ZLALHE—ENILRZBRL 2R TIBENRH D, ZORBL XFIES 5~
30cm. & 3m AT CTFICMDBRER AT, HBROBRIIZFAMEIZZRVA, SFMRESERNICE < (B0%LL L),
ARERTHD, ZOLIRAKL XILHW HCS WEDEEMICEEINDIBENDHDH. R b—LBRRIZ
EEBHIHEN, &< ES>TAEET S CucullaeaBV V—7 INT-FER,. SRBEICERHRHBRL XD IN
rrLEZOND, &bIT CucullaealISPBEDT-D. HHRE. BHELTERBLTOW I EMNEESNS, £
=8, BIFH—FMOLRIAML U XEER LT Do R S B, Cucullaca ®RFELV » X3 FHFARIAE
LKL =y POSERITETOABEIND D, 20X ) RBEITEENRERO—DTHHIENTFHREN
%o

55



DA ERES 2 0 0 04FER TR MAMNDE 34 2000414

B IS 5 (T B ARt ~ R B U B IREMA AL RO SRE
B Ak OLIK% - 130

Hb BR R I (3 14 HABE S D O WA ATt 3 TR TiRIE %4 B (Greenhouse) » 6
IEEHE ~ BTHB AT 1 D EG ] (Icehouse) NEEILL TV A, ZOFEREICEL T3V E 2
W PEVWTVS, SHEEEILRIIRBKBEOHELW(ZITHAOT, ZOfFEL L TH
HRERBOLRELFHN LD LI IETL Twoed, TLRBICERTAHEEMIED L)
LEELRIZLAONEERIETADICERLBELILATH 5. AR TIE, RiBHEIE
WG S N7709CE 865 BHEE DI 7 # W T, HEWPICE TN L RiEEFILR/ILGERE
DM % 17V, Greenhouse?* blcehouse ~DELEHH I T HIIBO R EOSHEEN LD LD
WAL L 72D R BB L. 20E#E, UToZ B or o/,

1) BREHIROBEOERI, MBI TI1320~30%, #FHTIZ15~25BOEHIZH 5
LB II2~258 £RBIIEEh L v, T LT, HWEEI20.6~09DEIIDH 5 HT,
P~ RIS EE L ) QIO BRRLEHWEERT. ZOERLS, BRSO ED
SHBEIBRIVLHEECLoTHEINATWAREEZONS, Thbb, BEMEILE
ICADOEEICWTTABERNAEDIIBA L ELICELLTWVAED, BENRBTIRYEEIZ X-
TINT AR TWVABIERXRIELTWVA,

2) BEULBUITAHEOEEENOA L L, ZEIBLHED S @it F CORICAT IR DB
LTS NELE LTS, 7, THoOBET(E, BEREEIBESLELLVIES
D2DIKELEHTED. MEHOBELILIE, WBGBHH (P7) , D /A% FiE
F(P14/15) , MhEE /#EHFHEER (P17/18) O&EI3IBALTEY, FR LS OEELE(L
FESEOTKRLEOTFIZL > T ERIENTVE. BIBBOKE 2B %
e FT RS (P14/15) &gt /@i BR (P17/18) T, S A 22 ATELHMEL TW
5.

3) BEFERINAKRLLASABL L, WHEFHIZE3E, HHICIZ2EIEIEEND Y 7 A LN
. TNOORIMAKLLDO A XY M, #NFNBEEOZESFILRBETLOBEYL —%
L, BHILEMSE LTH#ETE S,

PEETH S #HFHI I EARGLIFBIIET L TVBE L) IIAZ L, ERIZIZERMEY
WREEDPETLTVS. CNOOEGLEFEMAILRBEOT(LOME L AL L, MK
BOBELCIIEGILIZFEITLTHEL TR EIIIAZRS. L2, BHHCTEVOES
{LBEHFIZH50~5IMaff R TE L T 525, FIALASIEICS 7 M AEERS (51~52Ma)
TIREMEILREFEEIIEI{LL T 5. F7:, Terminal Eocene Event(#55itt S LEHH)
B RAPTCESLEL-FERGRELTHLSNTWEA, ZRUFTOSE /R AGHFHER
(P14/1588 ) TREALEHEZLEIELTBD, hispid-wall species T& BAcarinina,
Morozovella, Truncorotaloides T EDBEMNHBL TWAE. TN &0, FHEMETL
WIZREBIBEL L TCEDLOTEYAEIETAEL TV B LTRSS,
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(EIRIRBE T IZ BV B2Ammonia beccarii (EXEFFLH) DHEHE
BEH 1T - B BB (dEK - BR - HhERESEE)

HES XA D CHE TH EMICB T, ELEEFLHA mmonia beccarii DEFEAL % 1
LT, KEPHDEROKELRE TEAMEMIIODVWTRE L. ABETEIZhERE T X,
Kiize ABHICHTHE L R BRED S LT, BN (10~20HR) OFAT 2TV, H45D
BRABEZMRSI L -ER2HMETS.

Y oOHERE, AR OSOMTH LSIcBVTESR OKEK3Im) 2%1T,
1999F2H L3R ICAHAR BN ZITo =, ARE 7L —H—-RKa75—%2HWT, 2H20HIC
12K ZRELL . 2055, sfzEAFEHARE L, REDPS4emET TELEL
TERTHREEL, ERZUCH bR, B4 RNIRECEEBL S EZ 10cmFEFTEX Icm
ZTelZaEL, 70%BAKTY ) —VTCREELE. F20HED3IA12BICEILFEFE T4 H
LU=

2FIZHREL U= 6 R RHZ400 emD B A WIS T, MRIEBD & & 60°CT2HEnE LT,
KEOBFLREEEFERI B, ThEHHLEE, FUM400 umBl TOMRIE EEA LT,
WK ZME~LE300mIORCATAIANRE. TheDEE20°CL3°COKBICHEL, &
HIC10H, 20HBAIZMTSHF L. ERETRICZY ) —)VEFRMLUTEELE.

INSDHAREI UMD EDBNWTKELT, O—AXRVHNVEKICLDEERLEEEITS .
Z LT, A beccarii5WH LTV A4 X&FHAIL, KEEREEZMRGTL .

HEBEBEATIE, 2B E3A L HIIBY A IH200~400 umDEKED HH T ZDODBEZ L
7=. BB EERI0 L HTIE20°CE3°CTHE Lol 4 Mk, RERBLGR (2H20
H) ERERBVWZFEDS R o=, LU, EEREIIA20H®ICIE, 200CTHABLED
DIZ500~600 umDEEDBENSGHEMLU . FhIIHLT, 3°COHDIFT S LEREDOMHE
IV, SHCBATEREINAD LHEHKIC, 200~400umDHEBEHT S, Ko T,
REIZEFNEIEE, HKEOKERTTEINETERVWHOD, RBETHNIRRETE
HIEMTRBRING.

ABHETE, SHOERZINT THESHBEATIT > TCELBIFERCILK LT, A.
beccarii®DIKBFHEIC DWW TEERT 3.
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ARBEBBERENREE(LEHFILR
HER (BIRKY - HF - %)

FEICE » TLENAREN ABNIIRTINTELZERREANIETHD. TN, AREHOD
G BEEBAKECEBEDI LI ENYURTHENDE. HEVFORFICH->TH, ABIBRIREE L
TOR+ELEOBENEGMWETILRIEEMONICTIZ L IBEFENS A TEEL 7 —v & F A 3.
BIBErEMBCk -/ 50, THROZODEBHRAKIED 20 DKPIE EAOEBENH 1970FEKA)
M EIRBANTELLYD, COLHIERBEICRYBOOICIEELIBARATHS. BE, CHLILHEV
AT — L TOBEOTLAHENERDE P TER UL AEMORE - BRI DV TREEHROLIRA
(533N ELTHE*MBELTWVWREZATHS. SERINELRZROADIBENPHRED RS E
PHKEBIBICEAAFRERELCAELL. S2TR, USRI, LrHBMLSBEBEOT(LAIZEEE
BI2HLROMBIBIEE L TOBEREENS.

1. BO8 GEKHOMR, RFHRERDFEE)

NO~BNFICHFTITONAXRBIER. COTHEOFREPBMOET nilioliidsDIEMBRE L
TRBENTVWS., TELEIRTochimminalc > TERENLHETH oL DD Amoni s DBSET SB¥E
ANETMETD. ThEWBERBLVBRKIBANFEALRTOEEE L >4, LA L, BRICHEARED
2885 3.

2. FEM - PBEOERKEE (KIBI) DK%

BBE~VECHITITHRAKRIRER. COBRIL-ST, DEREPBOKUN FITHELL L5
1o, SEM T 3Haplophragmoides " BET L 5IChL Y, IEQOLB#RBEMCH LS5 LA REMESD
BOKLEDEZEL AN, TRAKOBERERES .

3. JKP9ERER (piRAkIErEER
1969 FE~I8NNENTE. IRE, COKPIZEBL TOANAEKEKDTBHILEENT VWS, SOILERF
BALZ(E, Trochammina A" BET LY, ITHRRIFGIOHEVHIR TERBTIKIEHI TR & N7,

4. KBABETRTERDIRBIEEX

WOE~IBIFENTE., PBTETrochaminailE>TEBEENZLITHY, Annoni s DEBLED S OFE
HABEDT D, PelosinaDL %, RIBHCREHLEP S LBIBMTELI1C8 3. Ammoniald &L HiEu
1BIAAEEL, HERBMMET3ETS. AENOB—REEZEDHEEEMD Cyelotells (BEE) I0&o
TrREN 3B,

5. XKMBTFHRFEHR (XEIRX) ORLE

BAGEISIES, BRESKOBATIBRICMBLTIVALYD, FE, DETRLSEMDOSI2H5H1LR
BErA&OSNL. COMBOTLAHG, EXBILRBEEICBRLITILESAZRREL - 7. BN IE
FER L ZNIE~IBIFICH T, SHEMHIBIRL, EXEMHIFEEL TV BRI Trochamminalc L -
TERESNZBEEL 3. BPETL, PHTEBYEBETS L, —FICHILRBEIRERELTLES.

EELOBESLHILROFIAEL, THOCTOA TV I KEMMBRENABTZ2 LT, BFHLTH
EFFATIDIIRODROTH 3.
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AL SHEE T D2 2 T7AER] O BLRIR O o i v BT

KB — (PR AERFIFE) - AU GARTRE) - A CLmE KRB AR - bR (B
SRREAREARFR LY —) - RBHE T (RRAI)

Keigwin (199813, FHh—V /& XLMURANSRREINT 7 OREFALRORERMBLT —F
EEEDT. BHOKBLABEO LSRR R K OETTET o 72, BIZHHMOKWICIZKE 2.000m {1E
CKROBHANFEL. TNURBBRELRAUSXBERECTURETHD. TNLURTIIEEID BERE
WZUSHEANEWAKGFERL TWALHELTVS. ZOHENELWES. BEKITIEA RO AR
2.000m LARICAALARBECZLWKROBEEIL BEOICKEF TAE 1.000m UREHBLTWVWS
ERFFERFARINPIW) Do S N7z mJBEVER B Z o 5. BIMIBUIKINC BT 2 EE KR O 47 F1 78 (&4
WRTHHTR—Y 7 BITENHIZ. BRKFICBTBEBAROBRESIT NPIW OFEBICHT 5HM
FEENICEE RN ESADMRNTH A, INETHBBEICE T 56 RIRS XV BEIRIZEN D
Bt

AP TIE. BEEMOHONZ 2 AOHBEY I 7P ORAEALRBEICE TN T, BERH 2 FTHEHD
MERBOAFEEIT oL, BEMMNO ST-5 27 OKE 2.098m) MO ST-21 37 (OKE 1.083m)
DAL RBINT. & B IR S HEKAANOBEMICEL WALEZRLTVS. ST-5 27 DK
KO BESHIE. Buliminella tenuata. Bulimina aculeata. Cassidulina norvangi.Elphidium batiale.
Nonionellina labradorica W@ TH o7z, UL, EKWMOMEIZX, ¥iZ E batiale. Islandiella
norcrossi. N. labradorica. Uvigerina akitaensis \ZX DR EN5S. BREKMOBEE. HFEOERH-#
MRS ARIZ BT K 2.000m (FiEOMIBEF U THYD . LREUPM O RBE KN BHAKN S BIE L TEL
LizholeEZ260%. LML, TO—THEXBIIR > TREBOEVEEEAG Ko7/, BIKT
I3ETLBRBROBHRMGERRIEZ D, BKMORERARPKRESELLZEEZLNS.

ST-21 a7 Okl oKX, Epistominella pacifica. Uvigerina akitaensis. Cassidulina norvangi
NEBTHD. AU ORERIE. XEIC E. batiale. Bolivina spissa. U. akitaensis. N. labradorica.
Takayanagia delicata. Globobulimina spp \Z& DRI ND. #AKUPHOHRIZ. E. batiale F L <
S L. C. fimbriata. T. delicata. N. labradorica. B. spissa <D EMIFART 5. BKBEHON
$#13. E. batiale. B. spissa. Brizalina pacifica. T. delicata 78887 % %K ATH O 85 & FRR /2 FRIN AR
BED. BEOKWOBET E pacifica BHEHRT S M5, BHEKINCHBIT 5P OKE 1.000m L%
THREFHCBEDIFEROPBAROTNAMNBEI NI EMNRREINS. —F. BT WEIICBE
ERBEAREEBETREFCTAZ AT EANRILL. P ZOHBKRKOBERRZRN LR TL0. &I
CEUREFERB/NEICI > THE DU SN2 RERRAREIL I EHEESINS.
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HEMAEHOLERSFILEBRICRIETRERICONT
WA F— - K& MW -H&K Hth (LXK - B - hEKIRER)

WEITREMSBONIBILAMEIDAEORELHZLEL THD, INXTES DK
M INTE. BFEOHLEMRTIIEBZ —HERIE 52 &2 0. UL LRAR(1998)
TGRS BB DO IRIC & 0 ARO BB BHEEMRNE L < BT &&RLE. HILER
WIS BBEOLONH D ZEMS, HEOEHIT, KVEABHEEEZSNS. £IT,
MBI OERNBENHILABERICRIZITEEZER T 5-DDLBERET > 2.

EERICITET K P IETI SR DM E ALIC XD KT94~-15 K THRILE 117z MC-5 (BKHM,
2873m) , BLNKTI5-14 Kl CEHE I/ ISM-3 (FiRE, 499m) OFEEZH Wz,
HREHIR D 7 D —FBUEIC DWW TR, kSR, W% QOCH—T ik ?) K TUE
L, BEOEHE®L /-

MC-5 OB FLEAREEIZT S CTREEM Textularia earlandi 7 57225 R2H O T, BYEE 1g
H1-0 OB HE A (Foraminiferal number{wet];Fnlwet]) 1348 T 30.5 &, &
fenigaE T 27.3 ik, EIRERITO.6 HikLiao7e. R KBAWMAORIT 88X THD, Z
DFDEIH T ERKBL TNS.

ISM-3 I3FICHEREELRNSRBIBETH 5. WIHER OBEEMRIIH 25 % NP FEVERE,
R84 7 T3 Pseudoparrella takayanagii, Uvigerina akitaensis, Angulogerina ikebei ,
Brizalina pacifica 72 D 6732%. BHEEMTII Eggerelloides advena, Eggerella media,
Trochammina pacifica 72 EM 67325 . WARBIIAKBEIEEAALRT21%, BEERILRTE?%,
FPPETERTLR T 25% &7o 20, ZOH/ITBNWT D, BEEGILUERICKRAIL, £/
Brizalina pacifica iIC DWW TR TREER 1g H7- 0 OREEEKIT 3.5 BEATH BN, &g
HETIL 0.2 B&KIcHA L=, —75, Uvigerina akitaensis (BT84 ¥ T 4.3 fEk, #ipRe
T4.0 BETHOREZRBEASNRN. INSDOI EIE, BITL > TEHRITHTT B
RRBRBDIEEZRKRLTNS.

PLEDZENS, HOBERCBEDHBICHIZL T, HRICKXI2ALMBEDEL WE{LN 4
THZENAShER L. THIC, HANICESRRERFOBNIBETICESENIHE, B
HHMRNELSEHEL, HTREMITICEENEC B 0EMNDH 5. & <IZ Brizalina pacifica v
HEBREETHD, UMK KXo TS 72BN I NLERMENH 2. £/, HRESE
U EHZ DWW T H U IC X A R DL HE A Ttaki and Hasegawa(in press )i & DI T
BY, LA OUMITABERIRBHDNTITD 2 &, F-EHMOREICITBIIRE 2 MRS
B, HENIECHICHMELZBEIELILENDS.
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4 A fL HBulimina aculeata: B. marginataD B L R & & O FAf

BHET (FEX-H) - BRES BEX-2B) - AWMEE (FTEX-B) -4t8 % Bl -3

Bulimina aculeata & B. marginatald, d'OrbignylZ k> CTI826%EICRBMEINSEABILRTHS. =
O—fld, BEBIUARBRENKESRRS LEZASH, BREETICADRIEERLINTE-.
LML, FEO—FTId WELODENTOMEEENAZNI LBASN, HAEONEREM > TE
BENEFETEENIZENSRABEETHEM (Hoeglund, 1947) b3 3.

B SR T RIREHE I RE/NEET O/NSREN, KIELSMODREIT £ BT 3Buliminal® % R34
L&A, TNLOHEZRIIBOHTKREL, ULhrd, FRIIEEBHICEBHNPD BB, aculeata
KB TEWBEZ D DEEETOLNAETLIEENEALRL. 2T, NEREBENICEET S
Buliminal&@ D WEEERZHEET I 2B —~0EME LU THRZTH/=. 251z, HEEOK750m
E150MTHRLN TN AT EN2BuliminaBDHELRZ L RFICRHL, NEBOFRER
L. WERTOBRICRHIZEB UEFEIL, E(chamber) DR, MOEE, U THOGEMET
H5. B, BEHIAWEEENL NBBTRIIION—URRBHETL—H—-aT75—-c&ko T,
EEHBETEINFINAT T2 TENFNEREI N, R EBHE, 10%BKkO— XX
ANWFI=) O TEHEL, 63umDIZREL D WNWTKYELERE, RIREEBEME T CBuliminaBDE4E
AALREE Y77y 7L FESETE, HEMSZBICEHT2EBEZBV:. FOEE, LUTFO
ZEMASMTIE o T,

1)

INBBRENSE S NEKBHIE ENZBuliminal&VE. 8B ILB. marginata®¥ A 7, B. marginata £ B.
aculeataDFE Y 1 7 F L TB. elongatall AIEINZ I A TOEKETEZLHETH . BEEINEDS
WODIL, B. marginata& B. aculeataD Y 1 TOHEEZ B DBERTHS. LN, B. elongatall[d
FXNBEEBEICBNTHB. marginata & B. aculeataDHREF A TO—ERIENWHEE S DEEE TH
HB L, WEZEMWNIKBVWIEEZRLTWVS. ZOXIIC, /NEEEICERT SBuliminalgl3,
TRTOBENEGE LU THEELTVWALIICRZS.

2)

HEBTESN-RZBOEE. KETSOMDEEIIIEB. elongata#BZTXTOYA T, ZLT,
AKE1450mDFREHTILB. elongata& B. marginataZ < ¥4 7OBENRER LU/, MWiikEd, EH
4B Bulimina BOWEITESHE L THY, NERETESN R LL<EROERZRL.

3D

S EIMET UT-Bulimina @ DIEEEBFLRIZ, B. aculeata, B. marginata® L TB. elongataZHEED [T
RAYN—1 LT, KEODBWIES>TELETEIYA TEREINY A TOURBNEARNTEL
LTWa5 LW

7238, B. marginata&B. aculeata®DNAREHTIL, SSU rDNA(small subunit ribso mal DNA)DS' K 12
METB1000EMEZHRELTITO TS, TETORNHRTIL, B. marginata £B. aculeata 13
FNENJDY S5 Z Y-zl (IR, 1999MS) , HEMITOMREERZ-TWVS. BiE, /WNNEE
NOBMUSKEOBTF2EDTED, WHRTIE, TOTF—¥ % MA TBulimina EOBFLEDFERE
REBREBHBEREOBRIIDVTEFRETD.
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ER - -EFREMECSHGIS=ZFERTHOEERILRE
EANIEER (EHEKX - Bt - HERERET)

B, MEMRMEED TWAILEE T, ALARIEADORFRENS 22 TEHN A
BTHoD, MAERALEORHB RNV BN, INEMVEE ORI Z 3
RTBHD AT, EMEMEABFZ2ItiBERND D WNILITEIIBICRETILENHD. £OR
T, b hlit&icH -3 EHR - AFEEMLCAMT AN BE=ZRITHBHME SILEDE
HRSEMNS ATEETHS. ZOMBROFARIIDONTIE, EH (1976) , BEIZAH (1983)
BRENBEHMOE BRI EITO TS, £/, BEMIZIOVTH, * - THPHFE
ORB)IEREICET A ARNIEN (1997) OHENHSB. LILL, TDOEOF~ LA EHHK
ICDOWTOHREFIIINETIZARINTWVRN.

HEZAFRZPHILEMS BRR=ZFH - HINICBNT, ARNE#LELE»S=F8
BEMRICEREN-. FTO—HMERAWZEEALHORNHEREDS S, BELLICHED
< H/KEE BN Takayanagiet al. 198DICK VH|EINTWVS. 4, FoRIHESH-H
BEMAT, ZFMEEFROERE - SHBOERERALRBFITONTRINL .

B O—ITREINZEA (1983) B & UMaruyama (1984) N & FIREN: ML G B O®EIZ
AnEHDT, THICLDE, BB THTEREEREO LBICOrbulinal®DRIEH, Fif
J& 7 8IZ Denticulopsis katayamaeD {HEEENRD 5N THB D, HREH S FHEIEH
15.5~#8MaicHERt L /= e a s bk, 1986 ; fERMEIEFFEE (1999) 12k b kis) .

B & ERMEOKEA LRI, BEMRD S TOMEICRPEINS.

Buccella tanaii-Angulogerina hughesii#$f : B2 D 2 Ml U, Cibicides taniZ{£> F
Wik OfFE. (LS oFRE T, BRMAKE]

Cibicides tani-Cibicides lobatulus&t££ : B. tanaii-A. hughesi #1815 A%, A. hughesi
MNA1x<, Hanzawaianipponica%z 8O R TRAR 3. [V - RO FNE T8, B
Hgm A E]

Cibicidoides pachydermus-Melonis pompilioidesEfE : il D 2 MilznZ, Stilostomella
Spp.MEHET 5. [EWGEFRO+CFAERBHI]

Martinottiella communis-Spirosigmoilinella compressafff : BHIZEZRD 2L D2 3.

(I E o8]

Epistominella pulchella-Melonis pompilioidesB{ 4 : ¥2500 2 A8 L, Uvigerinacf.
hootsi, Islandiella norcrossi, Angulogerinaspp. ZWif¢td 2. [FiE ]

Angulogerina spp.-Cibicides tanifit$& : 25204 792X, Elphidium sendaiense 7%
PET B, [ i)

BB, EEkMEHONOEEEARBICIIBEEENLTMIEENS. i, B/ AR
EREREABFHM»SIEARMNRAEIN TR, ULOBESLED &I, SFIROE
RELBLEFOBEMEEREL TOMBEICDODVWTRI LR ZHRETS.
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LEEEEBIERRECB T 2REGILHBEEDOH

HEE 2 - RO M (bR - HhpkERsE)

HBILBEARHEMBREZH 25 A THHTH 3. DREBICBII3B4ALDOMNEIHEL S
<7V, &ilt, ACHRE B O ESIC X 2 ILEE DR RIS BT 2 HEDREDET LTS
h, WESIEZOALREZMMNTIHEMNE. IR, LiBEELFEILMBRICMET 2
B L TENE» SRRI N - RBHMYIC S I BHEAIL RO R IT o &R 2 HET 3.

RN BN CILHPG Skn, #4L 5.5kn, KR 11~75m O S, BAHNIC 32 Hikih & B
hic. BRBICBWTOMERBIX, THANNIC 11 kn, & 3~4 kn, £OKEE 3.2~100m TH
b, 60 MK AR ZRILL.

APIRPOAERILIX, 7~56% TKBE HICHD U, PIT b GREMEAFLIREE) & 0~59% TKED
Weemy s, RENTRHS ARAKBHMSBEETH b, BEERILIITIE 0~30%T, &R
BB 10% LU FTH 5. ML, K& 58~59m T Cibicides lobatulus H¢ Elphidium crispum,
Pseudononion japonicum %> Ammonia beccarii TR ¥ Z > TEHIT 5. S9m LA TIL, Pseudoparrella
naraensis DSEEHI U, Nonionella stella ¥ Ammonia takanabensis HEfE S 5. BNBEOHFLREEIX,
IEEAKRICE > EbE TR LK.

AP D LKL 2T 26~83% L &<, P/T LI 2~86% D& T ZEAL L 40m {135 T 10%, 70m
LIRT S0%ICZ 5. 7 ARAKERENEETH 59, BEEREDEIGIX 0~19%DE(LA
H D AKE somHETIEX 5%, HWATEDELRD. RFEKRMET 0~31%DEZTT. F=FH
TOWBKEIX, C lobatulus, P. naraensis & Quinqueloculina spp.D’ETH 5. Th & DEBAITHESL
BREE L BHIZ AOMLLERTIE A beccarii B, ZFNLIETIX, Hanzawaia nipponica DB 3 % . ik
OFLRBEETIE, PT LEREDK SITKRBICE-ELE, Eﬁﬁtf’ﬁ@ﬁ*ﬂ:ﬁ.%ﬂ%fﬁﬁﬁﬂg
BREAHD B, COWERILAOUBEFIZHEHETHIL - = F#ldR <, BERIOFNH,
ROYRYIOBEICREEZ5Z, ALBBEIIELEZ 0TI LEHHIEZEISNS.

B, aAtIEZ BT 3 L, FMPOEEILIZEAMICHEARTEL, 202430 TEHE
KEDATHDT 2FHEDH 5. BEFRFITE NS ORI TIEBH & =04 %2537 58,
REERFURAR L BN T Z DEIGHKE. P. naraensis D A4ilL, BRETN. stella ¥ >T 59m LA
RIS DD, B CRIBEMTH D, FLRELBARBIBRIIFEBIIANTS. 2200
RBEBIBIIFEHOICEN TES T, KBEHREIBDRWY, HHIRFHBICIZEENRDONS.
ChEBHITHNIDOREBDERICLID2IDLEEILNS.
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Geochronologic constraints on some planktonic foraminiferal biohorizons in the
Miocene Karasuyama sequence, central Japan

Hiroki Hayashi*, Masaki Takahashi** and Toshinori Okada ***
*Tohoku Univ., **Geological Survey of Japan, ***Hiruzen Institute for Geology & Chronology)

Radiometric Age (Ma)

thickness (m) {4 12 13 14

K-Ar ages of some volcaniclastic rocks o, my'™" bsmsiposd ittt bt
in the Miocene marine sequence in the ] |.o~[ mayer (<114 Ma) 1
Karasuyama sequence, central Japan, sofowclile——— 1 ‘
were determined on biotite minerals, o]l — c
which enabled us to estimate the age of _ | il  oE—— | 18
some important planktonic foraminiferal & e | g
biohorizones. e 8

The K-Ar age of 14.281+0.23 Ma (10 zno{los7[l— LLO Grt. quinifalcata (11.6 Ma) @
error) was determined for the Kb]’ 2600913 —— ';8 gz{q’ig:i‘r’:;;?ls:nsls(ﬂ.ﬁMa) g
lowest of the Karasuyama sequence. The oo ! S to D Neogloboquadrina spp. o
K-Ar ages of the Kb15 (12.59+0.20 Ma), “*Josto F;?V r’.’:;,,;,:::;,y gv:mm A
Kb20 (12.56+0.21 Ma)and Kb23 (12.3 0] OG',,‘ g : :
9+0.20 Ma) indicates stratigraphic g, R8s = p_ 1 ?A
consistency. Well determined K-Ar ages _ floz AR | | (120022 may ‘
of the Kb29 and Ogl suggest the low " —————x | |
sedimentation rate around the Kobana i (
and Ogane Formation boundary. In §
contrast, the K-Ar age of the Og25 f‘g
represents that the sediment 5
accumulation rate increased at the ™ w
lowest part of the Ogane Formation. 1o £
Previously reported fission track ages of ] Ik
the Ogl and Og25 are consistent with _| |
our newly obtained K-Ar ages.

Based on the K-Ar chronostratigraphy, 7
we can estimate the numerical ages of s
some important planktonic foraminiferal

—_— \I [- I I
biohorizons. Fifteen of datum levels are — — ﬁ%

. . 1107[| Kb8
detected here and calculated ages on the i FO Grt. ichinosekiensis (13.1- 13.7 Ma)

basis of the radiometric ages (see the 10 -
figure of the rightward). For example, . ;: X
the first occurrecne (FO) of Globigerina K7 ——— T\

80 i K05

nepenthes defining N.13/N.14 boundary
is recognized at the lower part of the ™7 |

Ogane Formation and estimated 11.6 Ma 4,4

in age. ] \
Correlation with the Ichinoseki and ~ ’ \ |

Sendai areas (Hayashi et al.,, 1999) “ FO Grt. peripheroacuta (14.2Ma)

support that these biohorizons have good »4{* gi -FO Orburina suturalis (>14.2Ma)Y

potential for dating Japanese marine ,, ] _@177 —— T IEEEEES —

strata. AR LO P. sicana (>14.2Ma)
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Neodenticula seminae BOERELICELE T<ERSRIBEEZOEBIFNGHA
IEBBTF - RE/IEE (ICBEK - 5 - HIKES)

BEREROMERSERIECEATH O, HIBMD TORLEIR TEMIC K 2-IR60;SHNE U B(Mikkelsen, 1980).
TORLH. REEEMPORUIFIERLSEABEDSEHRL. TREXHENE > T\ EKIRISH OEES OERD T
SN, WRETICBNTROZHERDBONDIBNDH B(Takahashi, 1994), BIRGSRIG. LBERBOIOHEE
BMUDELT, HMREFDLTHESER > TELD, HEMPOERRSREOENZ. TNEAERENCREING
HBFFPHNEEMEF OLBHTHD. COBMDS Shemesh et al.(1989). Pichon et al.(1992)3 &3, B
KRBV ORIZERIDVYDMUES Y IBITU. FSVIDIVUBEOERERICES TUSEERELE. LHL.
COXSBRRDBRSREEDOEHNRRICKZF T IEMNEENTH Y. THRYIBBTER). TCTEER. B3
RE—BAROSUIMOEBMRICKIIERROTENSRIBEFEIRET D,

WX FEDEORBIRMB I OKFICHEE TELTI D Neodenticula seminae OBERICIZ. 2 OBEITS
DN'BIEND, IBRNDBENSOLL(DTSL=R¥/ ITS5H)(3. EEBFETIDEORBLLD 1:1 THIEHIWENIC 1.0
ERBBN. —IBEMBENPOEHIFETIE. B 0.5 KONESNTENSBL)., COBLREBDOEE, BRKPTOR
BOSHRMRETOMPRREBITOMICELDEEZISND, FL T, 1)VKEOEEBRECHITIZITSHLEDY
F@EISENWCEDRER. 2)BRBBICHIIDIEBUERIITICHOERE. ZNICEETLK 3)BRIBROBTEET
L ESICHTOBREOERMERREIILCHIC. BEIPAOBRERHE.

ETTEPDBKD 1 JLYBMB(ILAMBRFETHRS)ZRVTKEDHEEOITSLLEBET L. REBRBEN
FNERBHEMD ITSLELDRIBRNICKELS 1.0 ISABTERL, FZ. BEDTSZNBNCESCBROELD
CEE QEOVENBREITODHBEFEUNWCEZERTDE. BREHEDEFID N.seminae BEUN,) . &
DFEMD I T SL(CR)BLUBBRINIRE(N) EREITSOBRICXIT IMMEDLL(r) EANT. MTOKDICE
BENd

No= N

e
CORKD. BMAID N.seminae BEERDDIIEWHICIA. BEDTSDBREL(BRICKTT DM )DLLZXDUE
N'#$HD. €T T. Pichon et al.(1992)ZQRUIZEREEE 3 REHBEMICDOWVWTIToE. HBIE PP BOPD 2M
EET EUDLABSRICRAL, FIEORMREEELTEREEE. BUT Nseminae BREXERDOBR IOD 7
CILDSTDLL r BRDIEECT A, r=0.42 OED@ONE. SSHICHIBEDITSLHN 0.3 THIBSICONT.
CO r BEMBNT. N.seminae O MEFTTENZBRBERIORE [CXTD MNERMPICEBICHRBENDIBEY L. OF
V) Preseved fraction ZRNHDERM 12% CEHEEND,

COBEE=FEPEREI LM-8(BXEEH KHI4-3)ISEMAT DL, BtENE Nseminae BRI E HRIPICIR
#93D N.seminae B3, CEICRIKIB(HRIC Stage2)ICE<RIKHEACEL. BRNDDEDX SITKEY/EKBRD
IVESAEBRICE > THDONECEETY. ILEER2EDEERE(DMAR)E Stage3 XU 1 TEBRIL.
Stage2 TIIBNERT ERBICRRABEEOR MM BB /N DRICIENT D, —FHTHEMEEORITRE
DMAR ZOJ 7+ )LEFIBRL. Stage2 THAETY. UEXD. BIRKEE. RIC Stage2 ICIIEERDBBRERT
AN ILDOFBIRMBOHRBH. BINCTIBNUZTEUD DD, CORRSIEBREFHTORRKBICHITDIER

MROEHSBOENIEBIZD, 1997)%0, HESRORTFOEE(Hovan et al,,1991)8EDYF U LB TH D,

i
}
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HE(LE OBP L ORI & EHICH 2 720 OFEOMIT
BHTEF GRILK - #)

1, FEHBEORENELE &5 X 57D 0OREHRIS

MG PE R ORI ZIL 2 RS DI —BRIITHOR TV ARBIRRF KR, HRZBNWT
BEROHENS" SO " REERRTZEVIDBDOTHS. LML, ZOHETHRERLIHEORTE
DESIEHLL TVENEHND I ENTET, EHBEORENELEZOELEDZSLEEEZS
NBEFIEEZ/EKET S ENNEIZRS. T2, HINNWELEZESZAENDEITORBIEZERL LS
SIS, B - RIS AR TR RO 2 L AT S < s el .

—7%, UTICEBN T3, RBT @RI IORFRGETHUL, 1 HERBICHHET H5H
WTEHUUEEZOR L EELL EHRBIENTES. ik, HXIE 107 FEOR O EHIS
XL Z 10004F DA — )V TEHIT B, WS KIRIEMNTEDRLIITLS.

AR BB i

, EEREE/ O T, BEMNSHGELHEROEGEFRT 3.

2, HREREE B AMICETIZ, AR ORBPITHEICHID &5,

2, BB LEORBREZITEHICHANZ-DDA T 1 RIERE 1

A1 REERTAIBIC—BICANON TV ARy b: (BEEROTIZENDS EXy N THW
M%) T, HERORZEBIZTRDDZIENTERW. UL, B EEOBRWICLD, BEBKRMNIER
I —1cR 5nWhS Thd. —FH, Moore(1973), Bodén(1991) TN I NTWB S ¥ ALK
#i3, KBEEEORVWICEEBINABVEDICHREINEFETHIH, EFICERMLNS.

FIT, SO ALEEEFOREEZBRDREVWE SICHE{L L, »Dmicrosphere bW bk
EFERLEOTUTIRIBRS.

A1 RMEREL

1, 251 RERAOBEIKIZ, microsphereNFFNTVNHHRKEZERAN, L<#EBRT 3.

2, APMO—ZHAEICHBBRADDERDEETE LAY, ZLAATESTIZAMO—D LD %
FCHEX, AbOo—hoMERz2Es L, The2 Ky L —bLOAIN—=S5 2D EICT
RTHTFY 5.

3 "y b TL—hrEMAL, BREAIKDEAERIES. TDK, HAFOS)2—S5Sw I A% ERE
MWFY5.

4, TNa—S9 P AXEENTVATINI-)NEBEIZKE, ASTRYSAEEETS.

HEMEA %519 5B, microsphere bRIBHIFHIT 3. 5 &, kORic LB Igdicg Fh
HEREOGRERDDIENTES.
G2
N=(nXvXp)+(wXm)
NABHePICEFN 2R EEE, nstRLEERLAEE, v BKIC AN/=microsphere?a ik fit,
p:microsphere/ARME, w BREK S ORI OWEFERE), m:3HHIL /=microsphere$k

EF 3L GMiDenticulopsis praedimorpha DFDL.C.OfHRICBII 2HELLE T/ B0
I LD HEERNWE.
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HAMBIZB T 28 ERBEROEBRE

WAREM (LR - B2 - HIERERER) - T (BX - b - BRI
RIMAR (X - H) - #if OF Gt - gifte)

BB OB EEA LR EDBEERAEYIMIC L > TERRENRLR DD, HHHE
MPOHRICZEIREDO AR S THEURERDERNEEI N TWHEAESELRHS. 2hoD
LENSHBEFPHAEBEZEZMRTHEDINE, TNOSOEBKELZERTIILITE
BERHEOVDEDTHS. HEBORBREZESEEILRORES HEHMS/-D, HEH
BT 1B RALOGHINBIZHBWT, BEBILEROIHELII5E, #HiE138.5%, K
#3,450mii s (Station N1) NWoSRERZE 7T >V b UREINEEREI N, F#IR T
KEBHIZDWTHREETILEON-HRERET 3.

AEHIMBA L AT LERE DA a - 1 AN umD TS 7 b %y b (ARIm)
AL, AK{EO040m, 40-80m. 80-120m, 120-160m. 160-200m, 200-300m.
300-500m, 500-1.000m. 1,000-2.000m®D @M SR I Nz, I SITFERE, HEbIZ
4% OTHEL, £HEBEEEZERANT SO0 - X U HIVIBR TEHRER %
Quea /.

EARKEERIZ40-160mTH DS <. 70-130BE/m*E2RYT. Z DFERERBEOKHRILL
BD81%E LD H. iz, HEBEMICZETHITROKBBITINHE DERNS L TD4RIZK
nEND.

1) 40-80miZ#E K% /R9 f& : Spirocyrtis subscalaris Nigrini, Lipmanella spp.

2) 40-160mTXEd 5 f . Spongotrochus glacialis Popofsky, Ceratocyrtis sp.,

Larcopyle butschlii Dreyer

3) 200-300mTHr K% /R9 f . Ceratospyris borealis (Bailey)

4) 1,000-2,000miZEH MR SN B : Cycladophora davisiana Enrenberg

BARIED (HFEMERITEERES) BFAF—VIBEBABBRIIBHWTHREROE R
FEZRELTWS. Fhickd &, S glacialis&C. borealistzZ NS DR TH HA ¥
EEEDKEIZBRDNED SN BN, C. davisianatd/KiZE200-500m & BE#E L D H LK
FICHHET S, £/-, Abelmann and Gowing (1997 L @XM 5 C. davisianah’ /KiE
400-1,000MIZZET A LEEZREL TWS. T o ORI, C davisianaD £ EFRE M
WRICL > TRIZ-THRY, FLHFETIEIOEREMMOERKL D BHBFENWI EERLT
W5,

HEBREHEBYOHRE RAKRIZN, 1997) kB &, C. davisianald/KiE1l.000mEAF
THIXBEENEINT 2 EMMNH O, F£7/22,000mLAE TldActinoma boreale (Cleve) '\
ErB. I3 b2 xy NOMETIE. C. davisiana/WEH T % D131.000-2,000m T
HO, HEYNSOREREANMBTHS. F/=, A. borealeld1,000-2,000miZ 1 E{&i2 D
ENEDOHRTHB. A borealeN TSI >0 kL AEHI DI WDIE, ZOREAFEIZ2,000m LA
FIZEELTWAEDEEZILNS.
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FAKEKRAEYLY ¥ — (ODP Leg 177 Sites 1089, 1091, 1093, 1094)
DEEH~ FEHIT B B BB~ B AR S A B D AR A

Rk GhEAEREE R - BEEORR IR E) - ODP Leg 177 RAMIFFEH —H

MR (HER) ICRERMEAEESETAIHBYNL< AL THED, ERNZEBBRERFORNIZ
Hays (1965) LA % < DR HFIZ X > TIFTHhNTZE/=. Lazarus (1992)1%, Hays (1965)LABE D F—% & 0ODP
Leg 1198 L ULeg 1200 BICKE T E, BUERATER (FEHRERER) O F—RELTHAWSNT
WEHEH~THHRHREGHEZRELE. LMALEASILEEORECESMORBEICRMMAH D, TERE
AICTTbh B LB/ >7z, Wb 3 high resolution TOHMBEERPIRIZIIFTBENEL TW/ .

Fr-pERPEESTIE, BREEBIUSREDELSDILAHDLRATAZEARUETHSEH, Th
FCHEARERFEHRNMNITONZ &33BT,

ODP Leg 177 TIE. Subtropical Front/ & Subpolar FrontZ#& TPolar FrontZ##d 54E LS5t
T, G371 MZBWLTHAIMTODHR. WTFhOY 1 MIBWTHRBBLEIZEET LM, LN
HHERIT S-012, HEREE 0@ Site 1089 (A-C Holes), Site 1091 (A-E Holes), Site 1093 (A-F
Holes), % L TSite 1094 (A-D Holes)® 4 # b %®#E L, Splice AN THRIEINAK199, 347, 371, 260
TN ERMLU.

FOER, Y1 bS5 EL< Dbicevent %R T 5 E EHIZ, Subpolar FrontLA@ &L T, B7252D0
B B{ER#HE2EETBIZE->7~. FizSubpolar Front® 4Lz fIf& 4 5 Site 1089&, Subpolar Front &
Polar Front @ I A7 i3 2 Site 1091 TOREHEEREZFE L TRR L. £-k&D/=8%, Site 10891213

o Site 1089 e Johnson et al. (1989)D 1 » KiF G EHT
b ]nr“"’ Tmes st D%, Site 10911213 Lazarus (1992) DR
R B munphaera smaematii — — l _imaviaa e i kﬁﬁ?@ﬁ}%é N %h%nﬁe l./ ‘—C& 6 .

i elall e s i Subpolar FrontEA® ?DSites 1091, 1093,
1094i2B3W\WTIE. —&izbioevent® L TR
WHETHHANRESNIZbOD, ZEAE
Dbiceventid3LimTH D, BMEETIE, ik
BMIREAIZ BT BJaramillo event®Olduvai
event D[ MEEE L TWisWrediZ, &
bioeventDAHER ZFMICHERT D LI
TERWA, Z2IAF—FMImERL TV
EEZSNS. AR LM Antarctissa
denticulataii DWWALIZERH 5N BLCO
Plagiacantha (?) panariumi3, BEFEFRALK R
F—DStage 6DHFIZIM L TiRDHHH
5.
It Site 1091 Trus onde Bt 192 ZHiZxt LT, Subpolar FrontitflidDSite
i st e e | O 1089 T, LIELIEEMEOREEZSOR
doniads | OE SEBoBMEBRENR SN, Subpolar

Front % $:¢5Site 1089 & Site 1091 DIz,
Psi jti@ dDbioceventiddiz . @ Dbicevent it
EHONBAHEITBNTH, FERMKELH
2B r—A&W0.

INoOWRIS, BRICHOERT~EH
BRI RO AR IZIE. Subpolar
Chi FrontW K E2 %852 Ho TW-Z EAHM
INns.

z

AN

SnTur s

gl Ll

Pleistocene

B
L1

——— ore—— Brunhes ——

l

Matuyama
2

Phocene

LO A futtran s amin ey
FOO Plens oniha ¢ puristessn

[

Pleistocene
Gauss —sia——— Maluyam: ——————stt— Brunhes —»
" z
Lyttt

Reexamination of Plio-Pleistocene mid- and high-latitude

Phi radiolarian biostratigraphy at the Southern tHemisphere, based
on materials from ODP Leg 177, Sites 1089, 1091, 1093, and
1094.

Kazuhiro Sugiyama - ODP Leg 177 Shipboard Scientific Party

I

Pliocene

111

Upsilon
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BRIy EEATOEMEOARELYEL T IHE=ZLKRBRIEEE"
BB GRURKEMBRRFHRR)

BLLBHERIHEBETIRME T LEXBICEVTRITVVHEFASHL. AT HEHEEETET
HMETHS. Fi- RHEETDPLELEA I ASAMNEERHENELRTHIETIHON-BEFTTHS.
BRAFPICE FICEEELISLGLBHIN-RBARHE AT~ PHK)HIVEIRBEOSHBPIZE
EBHELITOVIELTHHTIEENFETD. TAOOERIIWE BE AKE TRE HKEE. AL
WE, BBELGEOBHREBERNLLY, ThoDERZEHLTULED)REEHLTS. SE. EBFH O
BEHIKICHHTEIRREENOCHRBRIEANBON-OT, TOFRLHEXMNERICOLVTHRETS.

SERFLE-ERIE BLFEREBOAMEASERLIZHLOT. Mohiuddin and Ogawa (1998)I2&k%
ettt a R —IL— DD THS. LI 22 D55 13 BHHISBRBERIEBAHNEHL, £05
50 4 REMSERREBICEN TR RIEBHMESh Iz Mohiuddin and Ogawa (1998)1%, #ittH a3
EFRVB~BERPERHHICIHTTOESE LI AV ELTHE MR TTLSA, SEEOA-BREAXD K
BERTPHEFH~BNPEHRHICEBESQT:. BON-BHARILEHECEIBUFNELIIRSNT,
FIZEROBETHIEZAONDS. £, WA RILBEEIZIX, Dictyoprora mongolfieri (Ehrenberg)’s
EODPHEHH~BYMEFEE T IERERBORELLANZLEEL TULSH. Podocyrtis
(Lampterium) multichornia (Vitukhin) A& DR ICHEBMMICELR TS 2D P (L) multichornia &
Vitukhin(1993)IC&>»TOALC 7R ERMBOE E=ZRTRBIA BB RIELETHS. DO 7HERME TIX, %
RABE 2T A S AT HAS $T i 12N TE 9 Buryella tetradica Foreman S F LA FECTEH T A2
ERMEESN TS, LML, RITIL Buryella tetradica Foreman D # FREF OB ICH TAEH (IA
SN TULVELY. BRI TIX D. mongolfieri & P. (L.) multichornia D #FMNH S THY(Sugiyama and Saito,
1994 fth). AR M EMHISEPFmEHICNITTER TS Theocyrtis tuberosa Riedel EDEFEMNBES
NTWA(EE-BH. 1992). £XhoFRHFHIZETH P (L) multichornia DEHLVIE, AU 7ERMIED
ThEFRGY, hHBFEH~RBFEHHRICHITTHLIEMNEZIAOND. 14E. P (L) multichornia Hi$R
LINTWAHBIEE RO B @B (Sugiyama and Saito, 1994)THY, COBITILEROP ~BRE
M MMTIE R TH AL S,

WMEAFICIE SEREL-EHERREEDOHIC, BHMRPHARERLAE~PRPHFHARS S
NBEEINTEY, FhBEAREOAT(ASAMER(EBIL—RIZRY, L ELTHAMLIZEEZLNT
Ly4S(Mohiuddin and Ogawa, 1998 {£#(E/A, 1999). LAL. TORRICIEBHEEIIOVWTOERIZIZEALE
BENTLEL. £z, 0L LGy TUT52BZALRIC ARERORABRICHFRTSHMIN-FHEER
(A~ P EOEROBEFRIIEBTELD. AFRBELTEZIZLELTLRFBORBAHY, Fh
FLhORREFEDERRBICOLVTERIITIVLENSHS. 512, thOBBARBROMRERIZIOVTIZIEFE
AMERLGNATWEVLELSHBALHD SEEERRBLZITLRULBREICOVWTLERL, HARHD
ZFERDOEBBIZODVWTRBTILELNHD. EMETIE, OB REELNS, BIEEORKEILh
Mt~ BAEHHHOEREZRL, P~BREBELITIBTLHIEMNBASNITLST.

* Paleogene radiolarians from the limestone beds of Nishi area, Mineoka belt, Boso Peninsula, Japan
* * KAWAKAMI Shunsuke (Institute of Geoscience, University of Tsukuba)
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SBReME R 7 R HA (Chlorostoma lischkei)®
temporal dynamics&EFDY KR/ I —HBEH

SAIE (LXK - KBE/ILBRERR) - Fold 17 - HIERE LXK - K3E)

HTEME R BT, RAMEEERLS LILAERBNEWRIIN—TTH 2729,
FOHEBPW - ¥R I —HPIRIZDRBV, SE. EHEICHEERRICYE
IR SN2 HRet % R 78R (Chiaostama schke)D Bk D RERBOLE(
HEHLT, 58/ IR ETo 7=

AR RO LIS ="V A DARHRFICBNT, 19994E6~11H £ T
DHRHAOEREVYRAVFBEZA 1EEELE. ZITRIRHIDOZE
EFRIEBIRCVRAVBOERE (Pagurus spp.) IKL>THHEINTWS,
BEHMBOEOAIEVTD, ERXDB VY EAHUFIHROMEEENL <
(FH) . HRFEGFICELTYRAVOBEENHRINE, TITHAZE
2B XA, BOBOMNBEEYOFERIMNEFELEHOEERHML 2.
/-, MM#HOY L EAHRMYT O R 8 BELEREERTREL
1227 8 HA OEESRBIC B ERORET 21T o oM R. RO ZENHEMIIR- T2,
OQEREY BRAUFERTRBEYA XAMITMA, &IOR8 D8R
EPMBEAYOFFEICBWVLWTHHAREWNRD SNz,

@ L E ZHERP O CQIFEEARROY RAUFIHR (P RANCLDEEE?)
CHIRUHZ DO (=K (?) ITKAHR) MERICEENh TV,
CEXMETIIMNE EMIENT. HREFOYEHNZERICK 23 - BENE R
I, ARSI SRS 12T o) FIRRIGRE ST WAV S Nz,
Pl EDkERT 7 BH 1 b aDtemporal dynamics 27 RHA &£ S{LAREEDN
PEH L= iR 0L BIERITIC B\ T, RESTOBRIRT—F &35,

Abundance of Chlorostoma lischkel shells per month

180 1
AL AN
140
120 \ L ;
100 \ o —e—Snails
80 \V/-/
60 +shells'tted
40 ﬁ
20 ~o
0 1 ] 1 1 ) J
June July Aug. Sep. Oct. Now.
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SCHTHRIC A S N DA HRE ORIN & KA B R O LBl

WA - ML (THA D) -0 % (IR

TFTRERRELHIOMNTI2RIHE R, BRI EAZZELT D SHERENFAN RSN TE
1=, AUIFEORAEM TS BT OFEANNIRVWOZESNITIE. hsic T2 BMICIEA S NS
VWb AEER FHEMH 1Im) BNEELTNS. T, REEEEEMTHIHFINY HF .
Hyotissa hyotis imbricata (Iamarck) &&f Y > IDLATEICERINS.

AR T EIBT 30 QUkA, 2 J1a. Addba) OFREMREERE X HEREMHICET
MM & T ETT. BEICEAEEBDOIR AN Z AN ET O X BRI LI, F0Rk
B, ERTOMBIER (ERIZN. 1999) WCMATHRZIZUTDOI ENnho iz,

(1) WAREERMMIO T ANy REUTHERINALAEERES - TSI A PEIRZ R
i > e EMI6RE, JESEMEMEQBEAY > IEANIFER L. CASOEIBH#EIIFE I LI’
. BAOAYEREN ZRT. FLT. FMEO =R 7749 2T Alveopora japonica. Eguchi
DALEFETBHRE@HE. > FH~H T Oulangia stokesiana miltoni, Yabe and Eguchi®H» #FET 3
e, NS RS DERY O TEAZET DB, &I 3 DD/~ VIIKESKXNTES,

(2) AFINIHFOBRVBHERL TR S NACAEERM LTI, EHAFRNFERENE T, S0
DBRMN S IPIZFEN D AR E—BT 2 & 5 RHEE % R Dforeset bedh$388 5 7=,

(3) {LAEBEBOR LML, EROAFINIHFNNyFRIZEBLELTBD, FOEKRNS. Bith
HTHBEHWTES, £, KFETEHTAR. ZARTTIH 2 IOATHH 1.

EDZ EMmS, COEEEBORRABIABRICHE U TUTOMRRMNIETHS.

9. BEEHEICHEIEFEMEBMEREROE TIZX 2T, AFINTHFOEENS I EOR
EEIKAEEY OMBNBEETZI T ARy RBNEREINZ. 0%, H1E (FHIEM. 1980)
ZEEAK IR MBREICHEIBBICKSTAVT ARy RO ERBPEHIFHIN, AFB1HES LT
BHBBMNERIN. FOB. MEWVIZEMT Bloreset bedWERENI-EEI NS, BEOE
BN ROBERENTETS & AFINTHFENy FRINEERZRIDZ—2FKR L. L
MU, HMEREIXL Z2RELCVEEREHOLBEOHMEMEL /-0, HAELEFIHOLS 1o
BOREWY D IFEKZBERTSIZEES NS5 LW, ZOX3IC. ZORX I mEED{LAE
EROHRIZIX. BARELFHANS RRICKI2BEBEOWRE. T L THHREHANOBITEVWIREL
B PES IRAETMHEROLBBENLHRIN TS T ENHIIL .,
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AP ET RO AR
—EBRICEC THEDRR] OETEEELT-

ERR— (AR IEYE - ) - R BX (RBX - #E - &%)
- BRERC (BIRXE - SkEHREEY S -)

REERIITE. 1997F4B81480#IEDHICL U3,550ha DIEXKE X BN #H
Hilon/z, BESE. REETHRMTIREDLKDSK > TLWARABHRICIENT.
FEAT 1B (1997%F3R) &, #Mikk6R (1997558, 8A. 1998%F4H. 8A.
1999%7A. 10A) MOXEAZE (Ekman-Birge $£:E2% : 0.02 m?) #7TL\. 1 mm
DERIIZH>T=BEEFOREZITO ET. #IESHITHDS RIFBOERBK DR
ZEZBH LI, TOHR. FLDHAIEFLEHBERICRON/18EREOBEREN
kR4 2 ATIHEHML., TDRICI997FE8AMH1998F4 BICMITT. K&
EENBHKREZMBESHIRXRTAYFHA Potamocorbula cf.laevis IV 25 1HE5E
L. ABBADEILETEEOLADBEFEICERL TV EEHRLE,

ESHXTIFFHA(L. 1992F(ICEAARTMH THEEARMNTTRREEZN. R
ETERERARMNSRIBFRICHIITOFRBRIDAOMIIIC 1 m? H7=U 1000E &
RHB2AAG5EETEBRL TS, 1997F7 BO#IICHIFT 2 EEDOERIE. MR
B A XH1.4-1.6cmT. BR3IcmLUEORABGESKEBTEHH TV, LL.
FNICHLTIVO8F4BDOFEBBRABMTII. KEDIFELALDOEGEDIEEK 1 cm
RiGETHY., AT A XH0.6-0.8cmEHNDERICLERTHH NS Mo/,
DI EMS. 1) AEEFRBETHROLI ICRROBEICLVERDZERMNT
EEBEICE,. BT HIETLYRRICHEBETEHIENTES, 2) FREH
BUh T3, FEAEDBEERD KRN 1 RIFEFEORICFETL/A/=0HIC. 199842
(FRZY A DB 1 ecmEKRBONSIRBERDBKEIDELEDHDILDICH>L. £&BADOND,

—A. KiEHN - BRAB - BB - RTBREDKEDHRBOHRED S (L.
1eMRBONESBEITAYFHABOLRBEEDL. OBHEOREZIZILALSE
FTICVBECTELTERT S, INH(E 1990FERLUAIM SILBEPLERERIC
H$BTB3XIAYTFHA P.amurensis DEBIRIBEE—BLLEWEHIZ, THETIZ
{taBIEQHSY XA FHA P. amurensis takatukayamaensis EREINTE /=,
LML, INSOIEREREIHRY A XLUANOREETERBOLS XY ITFHA
ERIEBEIIEL. BRETREONAELDE THESHIRR) HBEICHIMEBICRE
LTWel EERTRIRAMEBYEBDIEEZA NS,
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A IRk 1 Phoebichnus isp. DIBEED Bk E FERE D 4TE - fTEIRER
INTfR B (FEEKX - B)

Phoebichnus @O ERE(LA DL, BEEEIZEE/2#(axial shaft) & ZDOEEEH» S BEEICFETIC
BB EEOME IR b > R)b(radial burrow: AT b ORIV EBIZ K> THEE DTS NB. ZhET. =
DEFELAR, BEMNRERENAEEDEXREZRANCBH L OOBRLEBREEEISNTES
(Bromley & Asgaard, 197272 &). BH¥B /AT 5 LEBIEKHNRE TE0 o =i m SR AN 5 1,
HERDMBIRTIIRBITERNWEIE & ERIZREB DT S5 N3 Phoebichnus isp. DNEIT 3. M TH, 5
7 IBIEO-22E T DIRAIIET B Phoebichnus isp s, 0-220 KA T X TTEERL v MROHEN
MR RIVEFTEL, LMD, KBEMZSELRVWEEHERYN SRS TLED) A 1ZE1 cmh
MTABENWDIBESTBRERT. —DORXINIZESNS TLED ) 131 57T, 2NHE
TH20THo7-. #id, kKBHZESORAENCRIDBOD, XLy MI2<FERN. 0-22ETU
ADMMETR SN B Phoebichnus isp. Tld, Nbwid TLED ) ERICIEEHEMY N SERINS.

PLEOBREEMNS, LLFOX D BEH1EMIE.

1) Phoebichnus isp. DREFIL. HEH TREZTWVWHERYESRICHEMY Z2EDADRBEREY A
ETHZ. gl RAREEZ N ZHOEERNCIIMOMEBT 2E&DHE b o RIVAIZEALT
FhhlEZEZ 5N 5.

2) BEO TLED ) I, FURIVICENFAINDEE, BEEMNSBEOHERMEVET /2728
CIERINEBDEEZ NS, ZOBBRICKEAR, FEfTENIMENTHD, TLED) THEN
T-HEMEH OB E O DK ER URIEOBEMITEN S -~ Z L2 EKRT 5. B, HEBTEH EHTH
N EIZfThN e nmn.

3) BECHEMNZTHEIITODNSERETSEE, 15D RN Y TREIND DI,
RETH 1 SEREOHETHNBER TITONS I LEZTKL TWS. DI &ITPhoebichnus isp.
M~ 6ERDN RNV EHDIEEERTDE, COERERIENEFROEFERRZHEAL TWE
HHEMENEL. RBHMMEENEREFHOEERKEFATELZEWVD 2L, BEEICHES
NABHOBNTHDTHoI2 EEBEWRT B, Phoebichnus isp WENT 2 @HEIIHBEAOMNTTEHD
HEHTHD, BEXBIIHRTIEEDIIEOINS, BREENOCHEINZERYEILBKE LR
BIZHRTOIRRWIENTFEINS. 250, RHAEFZFRIETIHOBBARETE I LARES
N3, —5, KEETL— MDOILBABITHES THRSINZKARBOHERE (LEER) 13 tho
AR AR I LE KRR D MR < REA SR TH D 5 L (Ito & Katsura, 1993). Z D7,
Phoebichnus isp EHBHE T, BRRIXURBHREFROGEMNAKEM LTSy 7303 <4
HFROERBRICETERIN, EFEFERIETILDBRBEROEEBENERIN TV -On Y
(92 gh247%)

A) RIEHEEYBEVHERMESIZHE OAT ML, EMNARB LRI, ’RMELTUY S
VT B00EY & T2 XS BJumars et al, 1990; Miller & Aalto, 199872 ). KEARB®D
Phoebichnus ispDIFE, NEEEDHFHENCHIBL T FELU/HMZEZ ) S IV LT 2<
AoV, Lo T, ZOEEAI BHRHBMYORERFE L THRINZDHO LHEFX
ns.
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BE12HEROBRBEMICS 32 REANER
ek RAFEHEA - B - B B A ROREAAART - YD)

4O IKGRECA O A DEMO BRI 2o TEBOF NS, 3 BiFH M ARG O AR O FUETH
DOURERIIFED. L% 61X, HEBREARBGBCENRTHIEMKSED. 1995)12 & > THAR O3
HNEBAREIDTHS00EMTSCH LR LA EHESN T ) (Ishiwatari et al.. 1999), D EFILBEO O AXF
iR CRELBRILAROPTRELALIHERTS, SHEOBIKBRIED FREED /312 124w, 1285,

I EOKMLIZED O R0 BEOEEICINT AHEMIIL L, FL4OMAR Y EE - /1 #(1970), Emery et al.
(1971), FHLIIA(1981), A - LMOQISHZTTHE. ThODMHRIZL > TOXRBOMUREEL SBR S n/
Mytilus corscum. Macoma calcarea, Mercenaria stimpsoni & £ DIEKF BH O CHEUL16400E 120 59880
T3S50EMOEHICH L LA Fh oz, TNOHDFRRREMER T, RKFRTR S HIIFFL  BREMEMO A
NDEEYHMBT L7720, BEETEENKOEAEAAIEEILTBROEF132mTER L 222 7REHIT-25)0 8
LEORMFHEKI L, £ROD—EHO VCERBELIT > 72(TR). FRAEIRBIREEFFEMIAKBIL,
Beta AnalyticttiZ B THLERHESHTIC L DiTo /.. ZORRIILUTOMEY THS.

(1)Puncturella nobilis, Porterius dalli, Cyclocardia ferruginea. Astarte alaskensis{3 ¥ B iR O FAN M S A
QL Tw.

()BED FHBHIRTIL P. nobilis & A. alaskensis(IFKEL100mELiLA & O RE O 1L 4 (g, 1988). 1 TTHERO
WHKEIIBREL VOBV EBIIH 7006, EILEEEIOEEFH LI EIIES,

I TRER EIZET S Limopsis tajimae & Crenulilimopsis oblonga(t, BIEDFHE RELEHD150mAINDIERE
(C¥EEIZERT S, LoT, 48801 70yr BPAISHEL W L HNIMERATFREL .

€
.8 3
g T2 3 s §
& s g S3e 38 2
S £38 9983 58088
GH89-2 S 825285 %¥5ssc
- =2 aEEEQE SoEES
o 8 Q 3w _ _SEFCQ
JT-25 SOOI OFELS 335 ER
PoasER8a0,w522R o
Ros c%gs58323 @
off Sado Island 8235535 e8s52eEa288s
S5 8F2533o5538888 14C ages
water depth 132m ‘ggggggmgggg.ggggg
~ = R -~
CadROSISI<~<IIEIXS
0 o2 I I | 4840 70 B.P. (Limopsis tajimae)
°S e 4880+ 70 B.P. (Limopsis tajimae)
= = ' ~a{3290+ 40 B.P. (Thestyleda yokoyamai) |
= ' 4/—{120101 80 B.P. (Cyclocardia ferruginea) |
50— | 3780 70 B.P. (Limopsis uwadokai)
L | I I ~a}— | 11560 100 B.P. (Cyclocardia ferruginea)
.i.' - I | I | | 11580 40 B.P. (Astarte alaskensis)
Tﬁﬁ - 10730 40 B.P. (Puncturelia nobilis)
- 119702 40 B.P. (Cyciocardia ferruginea)
11
bioturbated —
si‘f;c.%gai"c o 1 s 10550+ 90 B.P. (Cyclocardia ferruginea)
sand LT LTIT] — 11860+ 50 B.P. (Porterius dalli)
5] coquina e o |1
T I 1T - 2-4 <'t2130:0_- 100 B.P. (Cyclocardia ferruginea)
shelis 59 11840+ 40 B.P. {fracture of Pectincidea)
100 semi-consolidated day 10-19
cm §rom

74



HA NS 742 0 0 04L& TRIE MARRL 53 200041 4

iEmER (ARICE) BLUVERBH CEZRPIHE) MoRRENLSTHD
EbA 2 FEARICONT

BB (BRA - - BE) - ARRE (EERAXEED) - IIE B (FERBEIH)

BE AWMBRERS B S T HRNC BT D T 7 b BChlamydoselachus DEALIIZOWTIEE TIZ, #iEFEs
(19)B L CEBEITPA99)B KB R ETTOF SRR R, B RAEMaastrichtian) EED 2 k%, ##k - AR
(1998)0s RE A UL R B fHHT D ARl T T SR dh B REEEZ B8 (Santonian) PEDE | A%, £HE(TA(1999) 45 1 3
B AR S D L ERHRE RS I (Santonian) EE DEA & L.

Alhd, % - AR01998) SHE L EAR K EREEN (RELEHEY) SFOMHOBIIWT. WE
DO— A - AREFEDSI1999ESH2~5BIT. WiHEHTHREBIHEZ SR THE (Sanonian) ® 1 T AIEREO
WIEDNSHR L 7 HABOEILAT 2EAL. BERERTNE (2<A) OTFI (i) WKz n
T EO— AN W EAI19994A290IC. BRBHAFRE GidirhIHitEb) 28R 208 KeoR a0
APLER LS T HBOEAD 2RI OVWTHE L. ZOaHIFEN - RERBRENERIZHOVWTERTZ

(1) EEEENEE (M1 FEAESHIFC(Shark)00267)

WD ERDITETREMRESRTVS. HEdi BEAORRODD T A v KiZEDNZ I 2DEDOR
ST S5, RO EKRFITEOMCHE TS, 3 OOKHIZFDOREA KL, ez L »T
<y, BMizT5LE<RY. HMicMT 5. BHRIZ. FOCHOD 2 O HEEM SRS, 2 2O
BEBRITOZBYD. ZORICHEROFERIAMHEDOTES. 200X HEO LITIXEROS T OBEATE. Z00
¥FVRBREHOS 7 HRIDOTLREDLNDD. AEAILERERBROG LV IZHON T,

AL Ho£R12.0mm, #ETEHI8.Omm, HOLESImmTHS. iz, BAED S 7 BChlamydoselachus
anguineus DT HHETH D HEHOLM1.3~49mm. Bl 5~6.1mm (Hf - A 197602 BT IR AOH L LR T
$2.4~29f% T R YREV. Eie % ARQ9)MNHE LIH | EADHAHE THHHDL M4 8+mm,
H OREIRS 3+mm & R T H2~3FTHhiz Y K& .

(2) EEEDIRER (K2, BEAFHFSYT9042901)

BIERRICREESNTWS. EEiLX. BEONROHITF AL RIZBELNIL 3 2DEDR - T-MHH 57
D, FERIITEWICEFT D, SKTITHIERLS . SIS RRBESHFIET D, ERiX. KOO s
72, FIRKREHLTEY, FXZoOLHEIRMLTND.

M. o2/ d4mm, EFEME1 Smm. ERE7 Omm, HOLECIMMTHS. . HEDOFT 7HOKK
DO ELIRTIMEORESTHD.

1. BEBOWEEBEE D Chlamydoselachus sp. D X2. ERTOEREEEIED Chiamydoselachus sp. DI,
BRE. E4E SHTFC(shark)00267 ERE FAESYTI9042901

* On two teeth of Chlamydoselachus sp. from the Himenoura Group (Upper Cretaceous) in Kumamoto Prelecture
and from the Tomioka Group (Miocene, Tertiary) in Gunma Prefecture, Japan.

**  Goro, Masatoshi (Dept. Anatomy, Sch. Dental Medicine, Tsurumi University, Tsurumi, Yokohama)

*%* Hitomi, Tomoyuki (Ohmuta City, Fukuoka Prefecture)

*EEY amasawa, Takashi (Chichibu City, Saitama Prefecture)
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7 % \Y X Carcharocles megalodon (Agassiz)®
EAIP A TFRRRIIC D W T DB AR ST+

KEBREGEKX - BR) - FHRCHEBRX - 8) - FRFHMOERERR)**

7 A /N X Carcharocles megalodon (Agassiz, 1843)1%, A X IHFAHA b o AFHZE L,
BERERIZIB~16mIGELCLHEESINSERBEE L L TALhTWE, KEDEHS
BREREL-CNETOMNEIL, (LAERPENREIZNTIEEDADL DR, SE%M
REREPLECEARAPTINTVE2500H D, MEEIRENTVWEENVWZSE. &5
WL, (LRERBORCIZIN T AHMEPRIELTE L. 22T, EHNB L S EIC
B¥ 5 C megalodonDEMFLEFRE G L, CORBMFMAFHMIZOVWTOHRN B2
ol EHICHEETIE, KEKEOAEMLADH EEMRMEICHET L I T TOHFED

HhETHBNMTS.

EIWNIZ BT 5 C. megalodon® JE i FLRIZ D
WTHRELZBI 2o &R, AHOILAIZT0
HWEIPSHEINTVWAI ENHLRIIE -
2. MEENIALADIZL A LIIEETH A
2, FOMIZLEAFED D DL b b HEAKR
PEBEDEH LT 5. EPNIBIT SRR
HRCEkIE, ZDZ TPtk LE~ b
HhFrgromEINL-DLDOTHY, bTh
BROEEKLEENPLDHON TV S,

AHOEHTLEN I B, HVHEZRTDH
DX, FATIETEPFHKE 18~ 16Ma), #
HEEEDBEZ 22—V —F » FOTERWHT
o~ L EBHIE MR T ER(#935.4~29Ma) D> & D
WETHEH. —F, ENORG /B
FATE(H 2 ~1.5Ma) 20 B ORE H i,
ROCHRIFLVEBREZRTHETH 5.
DEDERD S, C. megalodon?DE i F ) &
TR, i S A -2 T I W5 A & &

i/ EHMERETI TThr EEZLNS.

KN (2 8BV} % Carcharocles megalodon @ ¥ (@)

*  Areview of stratigraphic range of the megatooth shark Carcharocles megalodon (Agassiz)

**  Hideo Yabe (Niigata University), Masatoshi Goto (Tsurumi University) and Naotomo Kaneko

(Geological Survey of Japan)
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AN B O FHUB R ERM M B HAL/ N F 2L 4 ARAH
BAEZE (lLUNBREE)

AR HERNORREESY [ZRBOLEE] O P ANVTHIEIRBELIBVT/SFa L
LARBEOLAE»EL Lz, EHBIRIFIBHFAREERHEZRR. BRI ELT
H5,

LA E B O I THARIBL TS, KELEE FDOWINICHEEIROEH 1D
Bo KELZMIIKREZILHBA—ETIE RV, BIRECHRKRTHRA (B£6 L) ML,
O (1277) d@v. BEOHBIRS MBI ORAEIZEATVSI DEEZ LN,
CDL) EFHI OARERIAFEORTEZERONS,

KEZWOIMINNSLEETEFETHIHBEIVEV AT Y AR ENNF IV L AP IONT
Wk, LEVZAT Y ZARDEETIRHMOKREZEIIAHDLOFKEL, %A LMD I
LW o TS RBZE, AIWVEIIMMIE T2 FRICHE Z BT 5 Z & TREXR
EIERL D, NFINVLAARIBBEBHINONTVS, 209 bARERIIHN Y 2 I/
@ Euthynotusig 8 & &1 ¥ 2 7 % Hypsocormusi& |\ /MEH DTERETHEM T 5, LA L.
Euthynotus/® TIZHNAI OB K E S LR EA-oTBH . KEKRLIRL L, AHlOEDIR
A3 ¢ L A Hypsocormusi& \ZEML L TV 5, HDOTRETIZ 2K & L THypsocormusk | ZEL§
B2, KEKTIIROEH AW S 2 TH B DI L THypsocormus/® Tl IZBHME % BHED D
Bo NNF¥FIANLARD S B, Saurostomus/® TIIAREAR &L FFEIZEDORENIIT S TH 555,
INHTDIERE TR B, M UHBALD S D& L TidProtosphyraenal@ 3% % A5, NHIOK & 7%
WAHR L. KRES K ZETSMHDODERRL L, TOLHIIKERIIINT THES
NTWVBNRFAVAABROVTIOBRE D RLE L ZEDPLHBOWEELE .

NEFINLAFHIFH Y 2 SR Y SRIHATERLIC T THHRE > ORI H D, ThE
THESNTVESF AN AAHBEHILETHREPLDLDTH Y, 4E O DIFHRKE
HEBPLDHDTHALHTHRTH 5,

77



WAL EWER 2 0 0 0FFEL TR MAN T 56 200041

BEUREPH#HA X+ AR
#AERE (LAMBAREE) - LEFEE (M AHY)

EREEEREHFEETICEPHFXKOENBREERRLEEFREBOEHDVH 5, Hk
BRIBIIRK~RBREEZONTEBY, ZROBKEABILAVRESI K, BESTE T,
IhFCIZe¥H 47 A1 A (Scomberoides maruoi Uyeno & Suda, 1991), b+ v b ¥ T X
(Paralichthys yamanai Sakamoto & Uyeno, 1993), » v b+ ') ¥ A T ¥ (Leiognathus tottori Yabumoto
& Uyeno, 199D i & T %, 40, BRURVHEWESHTEO A X+ BARILAERIC
DWTHTEFHIRT 2T o OTHET %o

ASRDOILAEHEBEEIC4RXDOMPFEASZ L, FHEEFIC I XOEH AT IBWEFD L
ISR HEHI L, F3 P 4 HEBHOMIZ 2 KROFHEHEFGVLALI L, 2 L5 3
MRBORBICE 3 LARELE | WIEHSEEIFALZ L, BHESES 2 THEHZ L, HE
PR AY 136~148 THAIEDOLAXXHDY V¥ a& (Siniperca) (BT HLDL
Ezbh b,

X a BRI PEIKED SHIEEEBICW A IRABIC STHOBERL S AT 5. $7-.
€] | L5 O EEH KA & Siniperca wusiangensis 7%, RIFEEFOHHFHKL LAY =53 - 7
X aFDILADPER L TWb, Db AEIITEESERTAS 11 B 11 ke, BEEH 3 8 ¥k
&. BT 27 (BHE 12, BHE 15), HEEMTISEEA 136~148 TH 5B, 7V ¥ aBIIE
BEAS 11~14 8k (£ I3 12~ 13 BR) . 10~16 Bk, 85D 3 R 7~ 11 Bk, EHERBUL 12~
13, BHEDS 15~16. TIMRBEBUL 80~144 TH Y, AHL T V¥ aROFFANICA S DS,
HEFEIIIARNNIEE AR E - TH50 D3V R v, WTEES. FMEBSOEMEL S IS
HEEBUNOFEEIMMOAXXFEAFICOIRAONE LD THEH, AiEF L THEFIIH
ROryFaBIlBROTEHULTEBY, AEV T VX aBIEBTA22Hs0 3y v FaBic
BOTHEZELELDEEZON D,

A X & HEBD A, SBEAKBICBALELO 0 —EICHT L ZZ oM TW2,
LoL., 7V ¥ aBOMI ZILAIPEOHFHDOLDTHY | thFHOMBI ST v F
aBIIVELERRIA TR, L2L, PHHEOBEL» LIy V¥ aBIEE LAY =5
IBOIAFRAINTVEI L L, BHEICRITIr v F aBAEHISHBRL T
REELEZONS, ARDILARAY=FI - FuXafoRELEL*Z2 5 ETCEET
H5bo
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ZEE/MmEITLVER L CEEEE(LRIE

E &% (kK- -H#H) " - FRER (SBRESHEYE & -
ELER (EaRAETH)

EHRIZSNNBEELALBFREL VEERRLA2EN, E (1998%FE) OREH4EME
SESTHREINCAXFBET7IIMBT7IIMBIGERKFICELR L. 2@&EHIC
BHESLLEONINHEREINTEY, ChiI7 Y1 BILEDREFRESRLTHS.

NFEEnLEILIE, Bl (1405 m) DWWEMNSEMNDEBREmMTHS)IImREBREOREH,
KOSBREICHIZD. COBRBEICEOTHENENSY, COERICEBIEANREZINT
AV~

FhEI(C(E, BFHOZGEBESAME EDLICFBEICELRDIEFROBEILEBNILN
30, ABBECLEOBEOHRKIE, RKAVEHEETHDILPELRABLMMUBMAZC
EhoBARLHEIN, FORRIEFURANLSEMHAIBHTHESEEZI 0N TS,

EHUEREBUTORYTHS.

1. hY T8 Scorpaenitormes 7 71 I F #} Bembridae 7 h I F & Bembras O 118
() BERBIFER T S, ) BB SHREZTRBICHS, Q) RTERCELIHS, 1)
FLEBORKIBBPROBETICET S, ) FEBROLRVWVEEDOREEZWAS.
FRICIIIRERBSEBSENDD, LREHBREAREETHRILAELEBEREGEBMONTIVE
Mof. i, BEBEIEAEACR T8, BF8, A—RAMSUT, 412 KEABO
K BEHI~ KBEHIERD (80-366m) (CHEB L, BHRBOHKREIIFBLAL.

2. AX#*A8 Percitormes A X F 3 B Percoidei D 118
(1) EEERICEAAMA R LERAEBBILFURELLZN, Q) /NZ/E8E, ) SAILEE
MBETHSD, 1) TEEEEBICERS I HOADSEEL, E2ELVHEIBHESS
- E3MBRTMIC, FABLUESBBEENE-FIMBERBICIEAT S, (5) HHER
HIZIOTHBHEOREERZAS.
LI EICESTZIBEBIIRET, HEBAEOTEMSHY, SEHORIIZETS.

*Two fossil bony fishes from Kawaminami, Miyazaki, Japan
**Takeshi KON (University of the Ryukyus)
***Y oshihiro ITO (Miyazaki Prefectural Museum of Nature and History)
***xx [ jyohide OKAYAMA (Hyuga City, Mivazaki Prefecture)
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AINRBRHEZEAEEDAN AEICDONT
FI B (FREEKPERLLE)

FREHZEEOERAMTH5A)IEABNZEDO{LARIIEMPCEREY, RIEFHHD
LEEZBEIISUILTHONS. (LEROBEHEZES PRI ITHEIEDRIARNEH
ZESORAEN1 99 7TES AKVBAKEIN, YK DEREINLAERNIH BIL I R
gz kL 7.

HABIZEBOFTHIMELAOHRTHEDDITEENEZ L, FUHhAEBHBEFTEES X
DIAEKEINZD AMEAIZ1I999F 1 1 HETITHREI64 7T RICELTWS., £THE%H
$8 (Cryptodira) THVD, LLTFOLS 2 3B EINS.

MDA v R EF (Trionychoidea) : Wi, BRE, BHE, %M, BHE, mMiEE7/xE245
S5 HEIZEA3Ocn, Z<DOHDIT2 OcnillZ EHEE. WREENIZHRY 7 (T XN
FRYEFNFAY ) ORMBRALbian~Turonianlil %S D Ferganemysi@ (7 K&
28 ITEHEUTS.

@Y 7 HAEF} (Testudinoidea) : HE, BH, MEERE23 15 FEIZRATD
2 0cmbAF, £<31 OcmiiB & HEFE. FOBEHIIRDEHNNDORERI I ITAETH
D, FIEHFEIZENTS.

@ %I AF (Sinemydidae) @ WHEL7-H# (1 RZHREVTNHEERIHS) 144,
FEIZ2 Ocniiiid T, HROREAZENSTINOPHELAN (aptian/zahL
Albian) CEHT DHangiemysBIZELITS.

BPEO157TEHOERNL, HEVIWANTHEN, HHENARTEETHHOHERZ
BETERMN SN, REFBVIHALBRTHBEEDNS.

INSOHAREELAEIZ <8 (5R) ZRVWTHEEBYOSHEZRT SN SRE
ENTHO (PREHR - BB FLE) . HSIWKEFEROEOWKEREDOEEEEF > T
ZEEFRBLTVNSY, ZHIZTONMBEEREDHEZNHHESHANNTHSD. PR
MOBEHEOARZE, FRENLEAHOZRICEDITIEZ. VA A ISR ED 2 0 ik
. AvREIZIIOEES. FRORIART2AKRSTOERZTNETNEVEEZLSN
5., KREOELHIEHE L ZBEOERESTHBH, Ay EFOsBET 585 TIIHAE
REDFHEMIIFZEETTORN>TEY, LV I HALEOsBEL 337D & 52—
BORBERENEBELUZIRIEETEEE > TNBHIDHED SN,

FREHABKIEBRBO N AR ZbDOE2EDH 2 EH)IE - BREB XUEH
BO10YFRUEMSRAEINTWVS. AR ERDUIVHALRZ2 XA ET D AR
B THNOREREPCEE MM SELEHOILRF - BRBICEDIETIZED SWAEHEIY
{LEEHMEIZBNWTERICEETHD, BHoNFREHIERRBHHYFORE T THE
HEREZETHHIEIEERLTNS. ZEBEODA YR EREY I HALFHIIWTND
HREY (BELHHAAIIT7>  H1E400 0744 OBRMBESEEAREL TW
50, BEOEEBIZOWTIRIZEEZENHSNMNI -2, (LEEEDOH A BB ITFEUEEE
DR THRERDOBRELEZELRTHD. AEEFTHOREE N A ORI (LOH £ Y % A
I35 LETEERRRENHAFINS.

Fossil turtles from the Neocomian (Early Cretaceous) Tetori
Group of Kaseki-kabe, Kuwajima, Shiramine-mura, Ishikawa
Prefecture, Central Japan.

Ren Hirayama
(Faculty of Information, Teikyo Heisei University)
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THEHEZERE (F8AdR) EN)TFo O RE{AE
A4 ¥ ApEStereognathus & ® &

PR f) o
(BOK - B - 4140

O AAREO easE) 13 FINEHFaRAEMEZERE (FBailR) OFEH T,
L99THEEEIZITON = b o R)UIRE T HEIC L0 2 2h ot S baa e s oRAL SN E
DALAOREDOMENED SNTNS (FBRNEBLZESEM . COFTHMNI T4 ORHEDOR
REFOEOPMAEDHERBIIFEHITH S,

1S 35 (K THERAIS - R4 - FH4ADDOBIANSERS) OWEEFNERD R T
4 O RHIL ZORBIOWD/ING — VZHRHREAREND T EAASNTVWDS, THUTKD
&, EALAEBEFEDLOIZ3FITRTHA 2 DODOMEEM B Y . 3-4-4DOWHRAZ i 2 IR il
Wity &% Z 55 Oligokyphus LABET, SEHIFTH OWEHAHET 2RO NI TH, RGO
MEHETHL L, M) T ORVEODPTHRLELHDO—BTHD ZENHLNTWS,

FEHBEARRRIC2-2-20WEER R d A > N—IZld. Stereognathus ({FU R : 225
i) | Polistodon ((hEM)IE @ 22 5%HH) | Bocatherium (AF20 : 22 S0
Wiz L) | ZHICEIEE R 7 O T AR5, 5 W& S 172 Nenocretosuchus
sibiricus MAILNT WS, ZOHT, HEELAIENIStereognathus, X. sibiricus &, ¥
) - B DO MEEES| DA <. WA T8 ATE CETWLAE) TH O IEFIHEEL Tna,
Z3UTx L Polistodon & Bocatherium (. A ORINL S UFIZES AT, REHBIAHN
BAEWO TR En 3,

FUSEAL B IZERBDIEHEZDIL. DT THStereognathus&X. sibiricus 1I2EFEZ 55D T
H>d, &I ADMXenocretosuchus Tatarinov & Matchenko 19991%. 7=WAAFWIR I &
1z, Stereognathus Charlesworth 18550 FNEF LK EUY A TS ) — o AR DHlEI
DTHD, Tatarinov & MatchenkoldStereognathus & DLk - & E L Tz s Bbih
3, VI EBHINETOHBEN ST, Nenocretosuchus dStereognathus OE R4 &#
A5N5, ABELADHEIZITIStereognathus & DAV RSO TH S,

Stereognathus (/N %1 @ S. ooliticus Charlesworth 1855& K % @ S. hebridicus
Waldman & Savage 19720 2N END) OFA 7T /— A T ERIBEO 3 50w
N IATIR 2 DD DDORHIN SR> T, TOHFEM EBEMOMRBUI=H A TR EHOHFRANT 1 A
OEERFDDH] 722 & THAH(Simpson, 1928£ 1),

AUz U ABELa OERI S EMOMEATIE, SEOABANID thEds< TIIH 20 5 5
G L. SNTHHOREAEEREL Tn5, £MAMEEE TR, /WA umalmid i
BTV LMBENBLAF—NN—NT LT, &KHEIZ "5 MUELTI0ITxL.
Stereognathus OYHITROREAL T, FWBUIHHRIIHITIE W, RBEMELA BER
7. 17mim : 7.50min~6.39mm) {3BBLE, S ooliticus D2.34%, S. hebridicus 1.3
FEOKRKEINHD, IHLAEHRICKDBEEED ) T4 0 R HIT, Stercognathus 513
EMNENBEEZDHHDTH S,
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FHEHEERBOFTHEYILATFDOSY Tt / I —

FEIRIET] - MkE T (FHEILHRIGYEE)

GINEABHICIANTAFREHEZER OB EMICMHE TS TREEAE) 13 SHERLERIDELE
PET D, ZORBILAEEHNTA M XN TEEE->MTELT. AEHEEEESIITR 9 EN S 3ER
DILERABEETo. CHETOMEIBOT, RASK TN EHHEPLESHRAREIN, L
AEEBEOBRESHEMILARC. WHEEENZDOND Z ERNH SN .

E2ELEEIE. BEIOMBOBANUAREBE 1I5sMBOBREBO®RDELMSKD . TNZNMRA
NowEREHER Y. UEFREYERRRINTWS, #BEFRIIRATII T VaiHERb o TS, (k&
LGE2EUERE. IXTHRABENASHONABOT, BHICE->T3¥4147 (, 11, 11D iz 5h3,
ZFNENOHRMIS0mEBAD I ENS, HEPTEMGMOLN D ZHOHBEBKRLTWS EEbh s,

471 kRERR~HRTE

- WP OMAE NS RBZEROKEYMNERL. FNOoMNHREZHBRIILTVRAZ L, - ZHEDIZEA
EHNBRRETHDEIENS, &mmurmrmﬁbtéa@ﬁ%mwﬁ NﬁmbOKﬁLIOTEMéh\
ﬁ%ﬁ%&ﬁﬂﬁﬁ%ﬁ%t%kﬁﬁﬁbt%@r % ) 44
BEE N ABOPBRERNEET B8 %P%a@gimﬁﬁbf&@TEW?é

4711 ERGBREREMBTGE

CEAROSKEMNSEL. BHEIEWERKERTI L, - KEMNHLINTED. MV OEYEILE ST
TWa I & - HEEOERBNELTE LS, HORKBOEEYEELZ OGNS, AKENABEOHHE
EMNEBLUIIRETEET I, B, —HE0Hh ABRMIIZEEH LZH00., FRENEKES L bDk
ENFEHT S,

&4 T : BERRIK A Ue

- FEHEOWMYENEREEND L. c ZHENEDTHT. BEEAMNEHRTHIIEMS, HIFKMNM
B<, LIEULIESEAKL THHIKWIKIOE Y. MBI i tEZSND. MBEEM)5F40OR
W, PAHYEOWE. KRG, BEBMNEETS. 31 T7P. FREZOBERENRO L RFS
NTHY., WEHRERZE ST ATV EOBHGPNBFRENENL TW3,

<HBHEHMILABEOHRIBED>

FNFNOHFHEHIVMLARZHET S E, AKEN ARUIREBI NS KEFREMOENBEIC, SHFELE
NBADOND, Thbbt., TholByA TIKIINSEETEN. 1 TSI, BEAEERLIRN,
OB L I B RIZH LT, IhSOENBEIBDTEND. ¥4 T1&ITEYL TIILOEI.
O EZ D ABWIZINA 7 Ao SR TIdR W, £/, ¥4 711 &4 1 7111 Tk, HILELHEML
THEST. AREROBHFRELRFTHE I ENS., BRNILADEBEHNB I ER3ERIZ< W, Lk
MNoT. TNSOEHNY— 3. (LEROBREEIZIBISFEHNBLITRERTODOERRTE S,

4 TI1&ITIZHEHKME L T LN, HHFOHFHIMILERIE. WENCRE—-0OBE&ERELIZT
BHDT. IS DHERMOBAZED HHEESI TN, ¥4 71 ELTHMEN-EEZIBNS,
YA TINIEY A T OILATRRRICA SN DPEERZBEWVT, HRPEMEICEODNBE EETIE. b&DH
ERITDEYVBENGFEL-CEICHELTWSESS. i, £PORE. BERMNERINSEBIZBN
Tid, HEAIZ NSNS, M THAHEICHN > TOMBRAZEM LMo, TBEDRE
ROBEMNALGNEZEEZONS., 6. FEORDICAILIERIIBII 244 0MIKEZIENSH. ]
ZOBRBBOMBIZAZS kb B &<, NAENBEMRERCEDS: BREDOE WK X N (LR
MR INIEMRTES,

RECGENSEHT2HHBMEARIL. 2AOERENB W TR, EOBHEOMR LT /YA
HEMAZETICES. ERBRBOT—INFMIIBONE &S, (LERBRODIEVATNEELO EH &Y
MEHHTHIOATHELABTH D, ZOMROMELEERAFEOREBMHAY  ¥F—RELT, EHEN S,

82



HANEYZL2 0 0 044ELTFRIM WAL 61 2000414

JbvEE =55 PE A AL B B EIL A O N
BT (ESR 2y - BN (SEhriEme)

1996 £ 8 HIZ, A E=Cm&&FEII LFROXFHE T, MEEFIRICL > TEREHR S Sk
A (LUF MCMAT73) BRER sz, BEHEIX, £FELETHB7 EF 1 bD Polyprychoceras
pseudogaultinum, Damesites damesi 7>, EEBHE R (ca. 85.5 Ma: Santonian) O s EEE |-
g ld BETHDLEALND, BUBICLIHHIEEORKRE., ZOBENL, EHDOKE
BOEME, FHE 65, EHFEVSRER SN, GEPICIZITHE L RETRESN, 5
DEENEN L6 1BEDCLDTHZEEZLNS,

MCM.A773 X, QKHRE @ external condyle 23K % < | fibular condyle AN REE L TV 5B,
QBFHER OHEAEDREIZIRVIEAE 2, OIF, Cracraft(1988)IC L NIETE B E A A YT Y
BOXFREFLETHDHIH. BHELEDAZIRaLV=ZABICHEROFBEERENR NS, LT
BHDI L, QRAANRB=ABILETRLND I &M D, MCMATT3 E~NAXa /L=
B TE S, RKBREOFEIZBWT, ~"ANOL=AEORFEORELUB L-ZER. 68T
HHDIFTEND, FEINTWVEHMNBBOENTNE I b, BLXADRIEIZE ED D,

INETAZARaA=RABIF, 7 AV DEFLELT, I—my - fRTIT - T
MIGTBE LN TR, MCMATTS 13, KEFERE OO TOERERTHDH, ~A
&2/L= X Bi¥. Albian-Cenomanian (Z Enaliornithid 25 3 — & v /I3 L, (LATTEDOZEQDE,
Santonian-Maastrichitian {Z Hesperomithid & Baptornithid ® 2 #2353#6 L 7=, Z ® 2 $iX. Santonian
TIEAEXK D Intercontinental Seaway 2>5HDFEH TH Y | Campanian ICA D & I — /3 - fFRT
T T IANNEELL S ZIET . Maastrichitian (23K & TNIZRESIND IV —
T THo7-, MCM.A773 12 X ¥ . Santonian (X Intercontinental Seaway 7217 T2 < . KFFEREE
LA LTI EBBELNERST,

" A Late Cretaceous bird from Mikasa, Hokkaido
" Yoko KAKEGAWA (National Science Museum) and Hiroshi HAYAKAWA (Mikasa City Museum)
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IAREF (FHE-#h-HEy)

Articular structure have been known to correlate well with behaviour and have been
considered to provide a useful means of inferring behaviour in extinct forms.  The morphology,
however, is also constrained by an animal’s phylogeny. Variation in the distal humeral articular
shape among placental and marsupial carnivores is foucused in this study. The goals of the analyses
are to : 1) assess the relationships between morphology and locomotory behaviour, 2) identify
articular morphology which is more likely affected by phylogenetic affinity than by behavioural
similarities, and 3) infer locomotory behaviour in the poorly studied North American hyaenodontid,

a group of archaic carnivorous mammals. ~ Articular shapes were quantified by digitizing articular
surface outlines in anterior and distal views from photos of the distal humerus. Species mean shape
of distal humeral articulations were compared using eigenshape analysis.

The Recent sample consists of 47 species of small to medium-sized placental and marsupial
carnivores. These species were assigned to one of four locomotory groups: arboreal, scansorial,
non-cursorial terrestrial, and cursorial.  The fossil sample includes ten genera of hyaenodontid
creodonts from the Eocene to early Oligocene North America.

The relationships between articular shape and locomotory behaviour were first determined
only using the Recent sample. Cursorial and arboreal locomotor groups were separable from the
other two by in posseseing characters such as high trochlear rims and a laterally expanded capitulum,
respectivelly. Scansorial and terrestrial groups made a few clusters which seem to relate to the
taxonomy (e.g., feliforms vs caniforms). Next, hyaenodontids were combined in the plots, and
articular shape were observed with regard to phylogenetic influences. It was found that
morphological similarities (e.g., small contact area with anconeal process) between hyaenodontids
and marsupials existed, and these may indicate retention of primitive mammalian traits in both the
fossil taxa and the Recent marsupial species.

Concerning inferences of locomotory behaviours in hyaenodontids, taxa from early to
middle Eocene (e.g., proviverrine Arfia, Prototomus, Sinopa, and Tritemnodon, and limnocyonine
Limnocyon and Thinocyon) had distal humeral morphologies similar to those of non-cursorial
caniforms such as Martes. However, their locomotory specializations could not be solved very
cleary due to the phylogenetic influences. Exceptions to this general pattern were an increased
chimbing ability found for Prol/imnocyon and Pyrocyon, and digging adaptations in Machaeroides.
Distal humen of Hyaenodon horridus and H. crucians from early Oligocene resembled those of
cursors and scansorial feliforms, respectively.

(This study was financially supported by Fujiwara Natural History Foundation and Johns Hopkuns University Graduate Fellowship.)

* Comparisons of distal humeral articular morphology in carnivorous mammals: function, phylogenetic influences, and
applicability to behavioral inferences in extinct forms.
** Egi, N. (Department of Geology, National Science Museum of Japan).
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BB M OSHEMY  THLRIC DT

PIE BEA CRfERMEREEL « 2R

1996%F, ¥y 0N SR sk e SO O B A e U E S HEM: o o L 2 RE TV KRN H D |
FNEBICLIK 8IEICh /o 57 4 — U FEB L T ER, g gl RO B K
ATOWEENRS > &Y o TRRLOO S bbb - TE T,

RINOED200 UL WY T{bf & FHERDE0MIC>WTBIE Lo, AbE TR E 2[HE
T&Efo CONT, EA)OY LT, THIH L TOMEL NFYH A TOMHHL AA R Y RF
Hoa, A I TOMR. 7Y ES A ORISR BEOY L IA4MICBAT 5 0ER
BRI Y5 THA D,

@k%@(%mm&%)@&én%ﬁﬁﬂﬁﬂﬁﬁﬁLt@#yjmﬁﬁﬁiiﬁﬁtﬂw

ﬁﬁm@#(hﬂ%ﬂWMM41%1)bbﬁm@&/jmﬁuu¢n6®r~ﬂ5@¢u&ﬂ
Ltb\éo RESHDTRER20mdD 25, HREABETH 5, REAR, mu-;}an\aXU
*Efu-%ﬁm*&ﬁﬁL + 0 TG BEESRA TV, BHEDBREIEE bbb - TV,
Fh, Yo TEMEARREL TV ABiib RO,

WGED 7+ o TE R 2{bO3. /INED, PPEELIC L r Db 5150 T, TOEH - EEIRD
BHIHUT - XD LTIV, BFEL TWARERMWOY o I{LhEb L L LSO bOTH
o MEESRHHEIT L TO TN SERMELO TV, ZFY U ITEFFRCHIBT & 52
oMb, BEZFY T FREIMNMLFECERLTVWR EIANSA T, MIENTFEY » IO
bo L BHERTH S IR bANE W, PG, 74— FTI DA
DRAICFENI L TOENELZOBSICEHINTHN,

2. FLCHEB (B8 1960) EERTRBOTICHD ., iKY v HbLaZ2EET 3, AW - A
JERIRED ERO S FHRICHT TDII00 micd iz » TR EMFICERT LTV A ELME S ME ok
H95, 4o TLADKEZEZIS~0mbH 5, FEEICHECTW A HOPHIEL TVWELDREF
bEbTHB, LKL, JIOY U TLARAKEICE>TA TS - FERTVWEHDH LIFLIER
DIB, BEIRIO 7Y ES 4 oY o TOMEIN S AL SH>TWT 3,

3. BRXRMOY L AEER. Fy— b BRE. HEUEDSKABENCH T, LbY
IO WL DO IHERFICSUE IS R IFRICHEL TW e S L, ECHE OB 20 A A
TV T2, BBRGHTICH > cd LTHHREBOBBNIC BTN > TW ek 572, BRI
RO 2B b MEHIH MO BE T L BICET ARG TiILH -1, LLY T
WAk T 3  TOHEBEI > TOWBIO I ERIIDPVRIBIENTEBZ I MG, T
NBORTE L WP EOLRICHEWE CATHEBRREZZI TOWIREEIZONPRYTH A D,
T, ROEHEE BT SN LD WHITEZRBIRL TOiZ&EOWII VW, b5 & bl B THRN T
L TOVREMELTDI LTI B,

4. B A

BOHTREER O I E o> T v T{LADHBIT 2 HE R L HSBRT 20TH 5,

OB AN L SV fDd, QFHOVTHBOY o TILAN LALOREN E~FHFHER L /120
DEHOMITE D LD ICHRZED I,
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MBER (RBK¥E - H)

RAZUNAT7 51k (BAF MBT &8 \IEEEMAEMBENERCEEL THERLEZDOEERIN. H
EMTDHD. WEMOIEIMEVER UG, BMEDIINA 2 REINZRBER T OMREIND . RIRKE
HEREICB S MBT 0BERIIMBERARZEL T—HTIIRL. RER - AR - ZBLFTEIHENTHS
DIZHLT. AELPRUTIITOHEENELEIRDETHNTNS. ZOMARRKNZ MBT ORAEICK
LT. ZRET2DOHWNZEINTVS. 1 DiE. MBT OB —FRO/NY — 3MEMBHEICLEXTHRY
BPNERBOBMBENBREYHEOEL —RBNS—OEBLTHAHETHEITHS. I 1 DL HBED
KO L XNV EE T ) 20 LT 2 B EH MBT OVERRMFEEEZXEL TS ENIEXTHS.
HFEOIHATE. MTB ZBEOHKEREZERTS L TOHRELRZDIHDT. TOAMPEROPIAZ
HWERMICKERE®RLIDHDEFTRD.

MTB 1 1980 £ & HRBICHFEMNE AR D, IEE TIIHERER BT D £ R MAED DEEIHR
BIHBREINDODHS. LHL. BEEZBNTE. HERAKEZP LN DHORERLH M. FEALE
PFREIhTWIRW. Fid. BRSREABOTHFE~REORBEAEBMICE VTV DhOIYI I ONIT S
1 hEHE - FRLLEOT, SEORERIENEZRLIITS.

SEFRMKY  IHERY - ERBEESICE. BE 2m. 18 10 ZEmiZh 7= D EFMOMKY > THLH
HUTHD. ZZTOERRBELERTOOT. FITF— TIR~EIROBEY > TIC LD 7 L— LT 75
EunNTWs., F—T IRV IO TFIZIEE X 20~30cm. 18 1m dTEOERIMREI N, 2SO K~/
EE lem BEO MBT 2827 S A MRICHEBL TWS. ZO MBT 3Y > I0OBKEKEL. ¥ I8 - BEME
BHILE - AR ORBER T - QIRALLEHES (calcified microbes) ICEVHREINTVSD. BRFOEII
R TH AN, LHEME - ARFOBREER FHE 5. Calcified microbes 1327 2 2 b OAMINZFEEL TW
HTENEL, BHA~BEROBEZRLTVS. BERODDIE. & 10um REOKREKEL T, MOHTH
BIOBBEBRNEBELEDOTHSD. "B 37/ N0FUT7HLLBEEOBOTHLEEZIAOND. &
DERI~ BRSO ZEREIIRICEA S ML DY SN S.

BHERMICR SB35 A — BRETEMCREIROEREOM AL DIZEIBBDI I X MNR
HEND. VIAMNIWEEODE—FEICERL TWARTIRL . BERFORE LG IKEEROMIITER
THHEAONDHZ. 2T XA NOBEIEFHRTIZD 207 I FROMBERDH NS, Zh s OERIIEEED
WEMOBREERET S, £z, SB(LHOILET 5454 & U T, BTl S @BEMED S 085 Ot
NEZLND.

SEI#HE LI MBT 055, EEKOBO, YL—MNUT U—T%R ) 7HOBPRBMAN SRR TN
MTB SHBREMO R TEUTZ. BE56<. EEGORE S, F—TNRY > TORIZAR > TWAHHOFHNER
BT HMLLOTHAS. o, HOIRCPEBMALENEET LR TIE. KE 50~150m 1IZE<BY 5
NH5ORYZZHETVS. BELIIERNICRS & MBT WZLWERTH S, MTB Z{EDBHEILESMY >
TOMERIZHEY, BERECHBEREANEBVRLNEZOTHSI.
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FNRNGBOB=R1 /& 04EE
“Crassatella-Venericardia " T DEE (F#H)!

B M E (RER - AEBHROEYEE)?

THERE (Saito, 1962) RBHEINRAES BRIIHNGITZIE=%T, < slERRLAZET
B EMAISNTES (B, 1895 ; #oEE, 1932, 1935 : Saito, 1962 : KA. 1969, 1971,
1983 ; Saitoet al.., 1970 ; Noda and Furvichi, 1972 ; s - &5, 1978). AEHIT THEAT
FiEE) O—fEIn, FOEREIEBICHBEAIZEDZ, filldHtttk~P P HitBAONTH D &%
AENTWS (e.g Saitoetal., 1970 ; KM - &M, 1978 RAJI - 45, 1992). LHEFHRMS
\36Glycymeris (-Tapes) B¥$e (c{.Tapes -Glycymeris -Cyclocardialéf) BLW " Ostrea” BEH D2
BIEAGERI SN T WS GRAJI, 1983) A%, ATHE ORI TS % lapes nagahamaensis Saito. Bando
and Noda, 1970 B EIOSBEZENHREIOER. Fucrassatel | dRIZEEND ZENHS M LT T
DTIZIIZWEL, TOBEEIZIDODWTIENRS,

Eucrassatella JBV3Shuto(1957) A% Scambula (Eucrassatella) sp. & U Ciodk - KR L 7= 20 E B
PEORGARDEAZBNWTHATOEHIIHEHE=LIZERSNS Mizuno, 1964). /= AiH-d
D “Crassatella-VenericardiaBfs” (R, 1978) OFEHREIIHMMYINE T GIZHA WH
HD&HBNipponocrassatella BTHY, ZOFRTHRRD. Lih- T - L8EEBBLERHE
DAL, Glycymeris (-Tapes) EHEIZ, AMOHBEB=RICERBIZEADSND “(Crassatella-
Venericardia ##E" [THUTEHDTH B I EIRINS.

B, MMEUEA (1999) 3, RBEEB LUVEEGILHtARDO S T-hiEhFfks SN TE-LE
LRSI O BHEREORBEBIERICDOWTRIT L, FOEMRN T A itk ~ L kgt
THHIEZWHSMELE. AREERBILAREICBULAZDORB L EMEZEOHEA NSRS
O NFRNPHH 25bMENTNLBA (e. g KA 1983), BHEREBUSN OMEOMILE - K
HERIW S AT, ULHLANS, MURHETORERENSIZT TITEA - KMAa) (1977) A
FTENICHB=RFEFEH - OBERE LB TIHREEREZHEL TWS.

UEoZ &, Zhs#FRNEEITRIE O THE WREK oW T, BELE0sk 57, #ik
A BHERIIDNTH IS IR Z2EDZLENRHZ I EEZRLTNS.

|
10mm
Figure. “Tapes nagahamaensis Saito, Bando and Noda, 1970” . a. internal view of LV.
b. exiernal view of LY. ¢. internal view of RV.
IDiscovery of the “Crassatella-Venericardia Assemblage” from the Tertiary Tonosho

Group in Shodoshima [sland, Kagawa Prefecture (Preliminary report).

2Takashi Matsubara (Museum of Nature and Human Activities, Hyogo)

87



HAGEYFESL2 0 0 0 FFELTHRE BAME 6 6 200048 L H

P —HHAARBHAFTRBOE s BRIKEED SER L/cREEBYLRE
HEBOBRE

EEX - /NERE - FiRKE - HLEN - EBE"
(BHEXEXEREFAREBKBRERE, “hRERKFE)

MR OMA - IS, R B RO KREEMICHKR L ZRERKESYLER THSHEEMEE (Pt
~FIUEEF) | BB (R E~yHEN ) OEKEHEL THSNTHY, UREORFi R {AE)
ML A RO ENATE LTORKEY L a b o—D&LanTEL. BB DWW T, Yokoyama
(1923, 1926), Makiyama (1927) LAk $( % < DFEEMEAMAN R IR TSN, HIREMEIZIDONLTIE
Yokoyama (1926) LA, Inoueetal (1997) ZDENTE L L LHPHORLWENM AN L INTH ST, HIR
HROREKITHIHSNMIZTNTORWKRICH S, HEOHE=ZRBRRRKADMLLBEOMEEH /I
FEH/NRIFM (1995) Tid, HERMHBEIMHEL T—HEINTVW/EATF—2IZDO0WT, il it i)~
o EkEMEE GF L, 1992) LEMPF R~ RS OETEWE ONE - BH, 1992) &&FHHIL.
Z 1 FHBarron and Baldauf (1990) O i FMEE(LDOFZE Climatic Optimum 2 BL U3 ITHETSH Z & &
L7z. Inoueetal. (1997) i3H BEHE » HEEORKIBYILANZRA L. Th o Z2EkEHEE & FIRCDORIA
HONEMBEEMED T, LALAENS, HEBEEIH T2 EFUMEE L FRROREIMEERIZHT 5%
EIZDWTIIAHDEE THo . 4], HEEIHRITE > BIZB W T LA HM — T o e Fci B I K 3
S DAY — WA KREEETI2ERORKIMILAZEVAKRERERRALIZOT, ZORMKS KTERIC
DNTHET .

E5r RARAKIIER ImBE, HEHOMOKEZZIT, FAMERK NV FEIZE > THENTWS. {LEKE
HfHE O RFFOFEIL, Ibaraki (1986) DiF et AL R R FIZ & N UENeogloboquadrina dehiscens dehiscens @
YNLBGERHE GRiE (1999) O HHIRER —FEMMILAFERETIEN 18 0 ITAIZH23) . EEIM

(1997) IZLNIINITARHTH NS, AERAKTORRERMOER - HIRHINZ'W, 64 ET. AHDAF
FoER - i (N40~50"E, 40~60'N) EARMMTH D, ZOHKEFILERMR TELS N b OH TR
RBMIEB SN DD EBZ NS, '

BIREKISHB B AREE L, kfEOKEDY, BABIOE#EY > O, ARSERLEIZHRTIARDE
MEHMESATHS., FICESGY  TRICHRTDAKERNMEITEDOND I ETHREDITOND. KT,
PUEAIZ DWW TII35)840FEM 52D S N/, Glycydonta ozawai &t P& L. Glycymeris cf. vestita. Glycymeris aff.
izumoensis, Amussiopecten akiyamae, Chlamys rendoi. Megacardita panda, Megacardita cf. granulicostata, Oxyperas
bemardi. Pitar kaniei. Paphia exilis. Neverita sp.. Turcicula sp.7& £ % Le#) 2 < BT 5. E/z, Turbo (Mannarostoma)
sp.. Bolma takitai. Nesiocypraea midwayensis, Distorsio habei, Lyria hirugayaensis. Conus sp. 75 & O #uity — i 457 & fo
ZIRETHEBOERLENRD SN, Wk - BEZD TR o sh, gﬁTéGl)c_ydonta ozawai,
Glycymeris cf. vestita, Glycymeris aff. izumoensis. Pitar kaniei, Oxyperas bemardi 18 EIZDWTIIBER BN L EHSDH T
BEERITTHS. ULLEOXD AR BEIMEAERN S, OB —FRAFRETICBWL THH
fiDHBEE~BEKIZEE L TOWEMOBRENMERENTERENIHELEZ SN S.

8 ROKERNERI N EEZSNBNITHTEORHAIZ, Climatic Optimum 3 DL 7R I 872
D, WM SELREEE TORMD S RF—AF X OREIYLATE GEZFEWE) AHREIhTVWS. &
BDARENSIX. ZFEPEE O R 8EBE T %Amussiopecten akiyamae , Chlamys rendoi. Paphia exilis?73 E &% < {f>
THED., ZHESETFETLONEESEHNCERESTNEOAKEN AP IFTHAIKRE &Mk, M08
EIRBCEIRET2—EOAKUMERME L THNEDT D ZEMNTES. 4B, INSOHIKRKDIET DKk
PG — R EEFORETERFERNZHE > TWADIZXHL. Er FAKAEROILEBIIRTFRIFTHS
ZEMNS, EFHYNOEMEWEREORENTIIDVTONMEENLZIRZTI LTHSHEIOFRNIHESE
Thd. BEIC Fr RGRAKROREIVCAREIZROAG—HEREHENSLRD AT, THOHRBERE
b BREPEDBRRHEORAEM(E G (noveetal. 1997) &IZRA 2. SRIORRIT. WXRHBEMEELL T
—F{EINTHEROBYHOLEREOWHSNITH ETHERANAER B LoTHDOEEAOGNS.
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EFHREY > JHBREICS TS50 TREEOEMEAT
~ERY > IHRED LT~

ER E(BEEX-B) - &% F(ERILX - RE) - HiERX(RIEX - RE)

HRERIBPILNRCUBTIZIERBICE. EESLVERERVPELSITHHOBEY > T
BREPREELTEY., ChOELNOERFEROTVHDOMSIRIC I~V BICERSENTHS
(KEIZM1978), LHOLINSOEBREOEKRICBLTIE, I—R9 T« v I REKELHICE
5HDE0DMD, HMEMEMRMEERICEK > THHNISEBKESMETLAEIEICLKDZHDEDOHD
HDINMIETORABDDIRIZBBEIN TV,

B dHRICET 25 IBREDNHRENRI—IF, TNOOEBKREIFBICHEM
BENHD, LH>THERARTIE, FREMZEZBAL TV EE Y JLRBLEOITREELZRE
ENCREBTILICL>T. BREEABOTEEEEERICRELE, LI ODEH
IO FEREZ D LIS, RMTHEHLBEOBKEZCOSHREETLEHAA .

¥7T. ERBBLURERDORMHY VTR THONIBEY  THEDEBKREEAD T
NRE—2 %, ARS—KMECK>THEUNIINTERMICEEEL 2. XIC. BREDTHIHMHE
YO OMRBRAE L (CRFENTOSEMY I ERECOVWTHRBORATE T . ThH
DYPKEI SRS —MIFICL> THMICLEER L R, BEREORIHREREY  JHIRE £ 3
XY %EHY Y JR#EE. REDERESLUVRERDY  IHICH(I D HE~HME L
EROKRO~4m) DY TBEICHEETES ZEMBESMITHE S 1=

EHICHKRERBICETT D700, MEOHEMFERZIN(FIKR 1.5m) THHENICRS
N3 Pocillopora verrucosa DB L THOHSHEEITEBE LA, TOHER. REMD | @MTRE
2 80~85m & 7.0~7.5m DAEIC N, NBLLIV @TIEENEN 3.5~4.0m, 2.5~3.0m,
0.5~1.0m DIEFTIDBMEHML TWD I EMbho7=, K> TEREERBOTREE(FE
e BIf) (. | mAER 10.5~11.0m & 8.5~9.0m. I, Il B LIV EHAENFN 5.0~5.5m,
4.0~4.5m, 2.0~2.5m LTEEIND, COZ &G IEMSESIC2 DOBREMICHASENDT]
HEMMHDIEHREL TS,

SEMEZETTo /= 15 EDEHY > JAD “CEAMEIL, SETICBEINTNS 70 BD
BAtERME(D B 25 @R Th/UERNRTAS B "CERBREICL D) CAMBTH 1=,
Fe. o T RTOFRATHEOBFRELFRSEOMFEE IOV MLAELEZA. &R
ERICHBREREROF v v IHERT DEMSHBPBLE, E5IC. P verrucosa DHH B
BEHECERAEINEREEABOTESEEZZIORICMAS&.7,200yBP,6,900yBP,
4,000 yBP., 3,200y.BP., #LT1,400yBP. [CZENFNERTEKERTHSRELED
BEIND, CNODERDPSERSOTHHEEY > THERRE. 8% 5 BORRNGZMME
HRERICHES ETSNREKEDETICL > TERENATESESKE W EERENS,
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BERSXROHEHOREHTE
WAEE (RA-IR-4hH)

AR, BOmREk2kiRICERL TS, FOEREIRRLL TS
ERELTREINPTL. BERKZBLTSERLRTEENHS, LML, BEHRES
HI-PRBEOMET, NEEIHEBICHIIEMMEN, FEERICEDE, FN5D
FHEPODICTHELEFEHLL, BEESERSEBORMATD. 452 Bairdioidea #B%}
DRFELOMBIIAREBICL > THRIRM/BLE>TEY., HLWFERCE DL REKEOBR
WEENTUIVE,

FIT. ERRTIE. PFRAENFEEAVTRERS RO HEE (BBREA) OXR#
BRICOWTREE{To /=, B&RIC(E. Podocopa & 5 #8% & Myodocopa B #E 3 #3
EHIRHEND 92 0 DOBEO S FREEFZIT. EEREELOMREEZER L, H9F
F#rtad. 8% DNA @ 18s ribosomalRNA BIZFOEMEEBTIH 1500 IER W% & &
. BAKRICKUBEL ., SB#(C(3. Branchiopoda #il. Pentastome #E#f. Branchiura
BRICHHEEIND90DREKEZR,

TOER. UTOZEMBELMICES .

1) BERBIEI—DDISRI—ERMRT 5.

2) Podocopa ##fl & Myodocopa EMIIENETN—DDDI SR —%FEKT S,

3) Podocopa B0~ 5 X4 — T, Bairdioidea #B#}. Darwinuloidea #B%i&
Cytherellidae BN —DDI SRS —%FKT D, TNET Cytherellidae EHE
Platycopina BI(C4#i& . Podocopina B &(IBIRHKEEINTEAM,. 18s
ribosomalRNA DIEEEFIM S Darwinuloidea HBEIEEBTHIIENHEEINS,
DRIRE. MBOPRABFRERDPFEEEERTHD I ENSDXRITFEIND, £
Cytherellidae HOBEMREEBIEL. Darwinuloidea BEMSRELIEEEZOSND,
4) Myodocopa BN & 5 X4 —TIL. Halocypridoidea #¥l& Polycopoidea #BFihS
—DDISRY—%FRT S,

5) {HEREICH DEMIRDAIE & $2. 18s ribosomalRNA DIEREFIMHSHTEEINLD
SRAI—DNFHE—HT D, FRIROMEBLEM S, Healdioidea #BEHZ Bairdioidea
#8%}. Darwinuloidea #B#}. Cytherellidae A TH Y. Punciidae #HI Podocopa
BPOEBRLERMTHIRTREENEZ S5ND,
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BBV A - IRIVABICHBII DN REEDEE

NEHEEF (BBX - R - BI) - A+EBX (BA) - #1555 (88X - ¥812T)
Thomas M. Cronin (USGS) - &2 (BEX - 19)

BUOIC  EEXIELSFEIZCHTIDINERBONARITE L TEIEOBISHEIMBICIEL TCEDONTEE.
Miller, G.W. (1908) LR, IRERZIROIZHARIE 27 &R, (LEBERSIEWARI 7 HHD. BOXRICHT IEEEN
RIBEDWARIIFE 2 XBEEABNAERCIEY 2V 2 - RILAZOND 1 BERBNENESNE 2BCOVTOS S
FOIAF (Hanai, 196 1) D'H DICBEZV). FHAFITE 2 R, 22 R, 33 R, HXU 38 XDEHIC L > TIERERENTE
[@ED 56 REE (P 1999MS) & BZ0FIEIADIR B EIEMKI DB SNIZ 39 1 (Igarashi 1997MS) . &
SICEPRESHBESICHITD IEDIPHSD 10 388 (F+E 1999MS; 7553 1999MS) ICE DTS, T
NSt 104 HPRICSFENDINHRBICDOUVNT, ZNESDBEPESHNCTREEEICHERITETL, SAOE LR
BEZDOEBICDVTERUE.

BENKEREE '\ aWa  RILAZOE KR 350-830m) 6 e (Uchio, 1960) & B AR EE (I 10-300m)
49 s GEFP,1999MS) DNMTASR¥EIT 35 B 76 18 (£i& 27 & 46 1) (CHE - BEINE. ELEBOESKED
W|HS 3 DOIERDBRIZNEZ. BIB, 1) KEH 100m LUXR  BPEOB<LECDKERDEDTH Y. BF
BOX¥EDCOKEXRERHB DTN, ELEEDO&VVEE L T Patagonacythere longiducta antarctica D'31F5
N3.2) KZFE 100-300m : 300m HEZERDHOTIRE T DS 16 [EH DD, 1FEEE LT Krithe sp. 1 D'
F5Nn2.3) KE 300m MR ZEHS 300m ZEZ CEGHICERTIREIZEALRL. 14 BHEERTD
D, $5i8FEE U T Hemicytherurasp. 1 D& IFoNn3.

{IEANEREE  BRERIERMOERISERILEO CHERUEBN SKREL 2DACHITSNDB. BB, 1)
BAAVTILB~DSVIRTFIEIZ 33-42ka (BFtY - RLBKHBERIKED) &, FZ 2) SV ITHRITEEE~R
N—Lid 30-7.7ka (5B#t) ZERLUIZE (garashi et al,1995). LHL, BHIHETT 16 iBD>SB, SUTHRT
T80 3 RRRISEELBDPI /BSEILERAECLDE, ESICTVER (Mt ?) ERILI DT
EDNERENTS (A+HEIEN.1998) . TNSE2TOFRBHS 18 B 35 BONFER@IMEBEEN. 55 20 @ik
MEOEGEFELERSD 16 MBICDULWTEERT (Q-mode cluster analysis) BT SIER, 4 DONHERIE

(la, 1b, II, D) DEERIZNIE. BIB, 1a) SYTRTTIED 2 588 : Hemicythere sp. (18 N'EBSL. (EE
& UT Leptocytheresp. ($if8) BETD.1b) RKBA VY TIWEBKRUS VY IRTTIED 7588 - H sp. (#
B) NEBSL. EBEEUTP longiducta antarcticaZFETD. 11) ANILT AR AD 6 i1 : Xestoleberis sp. 1
D'BSEL. (EBIEE LT Xestoleberis sp. 3EFETD. 1) 2NW—L D 1 3B : P. longiducta antarctica DB &S
U.EBHEE LT Cativella bensoni ZEWBRT D. CH FRUBTIZILERELCFED la, Ib §3EiT 33-42ka BRI DICxY
UTEmEELEED I, I BFEX 30-7.7ka 1Y, CDD5 la BELCRLTIE, P/ BERIEED ST
(7)) OBENMEEIND. FLRKBETHD L spld@mBEBCFEIY D/IN—VBORH Pecten EBEND S
EEHT D (Szchechura et al,1996)CEN'S, BEEETELBELUTIRDE, la BFERIIEIMBICEFMBDEFET
HIDYGHEMN'BLY. —, 3EDIT7RBIZEN2NIKE 232, 245, 778m TEIEN, ZhonoBoS5nNniz 105t
NERBIZ, EMPOEMERFO CYERBTICETE 10.5ka MUF (SBHit) ER U (A+E 1999; 1999MS) .
232m DIPFHEHSIE 1 BX, 245m OIFPHAPNSIE 2 BEONERDELEL, ZNSENTFNE 3300m X
ICHEBY D Australicythere polylyca THS1Z. —F 778m OIDPRPIOEEEN S5 28 BiEONHERMMEEEN
2. ZOPTIHMIEES LT Bythocypris reniformis, Hemicytherura sp. 2, Cytheropteron sp. 2 D'HIF5h, B
renitormis IC DWW TIBEHH SEBRCHITLBHOEBICERTIEELLTHSNTID.

F &8 1) ORERE (300m X)) OIRENHREESIRAZHERBKOIZBETICHY, —73, ZEOBB (300m
DUEE) OBESIBBEBKOIRTICHD. COLDIBKROZVNNIBEZHRHNLUTNBIEEZISND. BIROKE
AYRFEONHERBEICEROSN, BRBEMEMEZAKE 250m {HENIPHYOMTRIEEEN A SN
BCEHLDDSTE, 778m OIPHENSBH__B LB ITIRIZIKRoNZL. 2) (LBNHERIFECCHFERB
HOBRENTRBEEIFHMIC O > TR TDE, BEHUFEZNUBRETEBSBICECLWEILDNRONEZ. B
WIMBI TBS T D Hemicythere sp. IFHERETH Y, FIEICHHENICHELUL, RENCEBTHDIEBONDIHEIE
MEREHOLESICERBLTNDS. —, REDOEXBITESTIEOBHEMFOEDLEEIEN. Chb
OBREDTILIIPHEUFEDO R U1 IBIEDIEKRICEEBOERTSVIVBROBBEOENDRADRDE LU
BROBBROFECIDENEEZISND.
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|1 A5 5 SO0 80 5 PEH T B Hemicytherura J& (STTEHED ORI & B A RS AR
DIHEEHAEME (R - B2 - B - oMl (BREK - BD

Cytheruridae FHII® S Hemicytherura f&id. Flofson (1941) OEFIAUL, 1) VO & FDKE DM B K
f. FEEL7z caudal process, ZHRDMVY lamella ZPESHEAETHRR] MRHEETRD. AR RO~ IEHAT NS
TOERAICAER L, CLERSIINEERNE NS, BEXTIC 77 HOBA: - LERANRES N,
EHSNESERO—DTHD. AARETORLERN S, Kajiyama (1913) 12k TEHHFEDO=MN 5
Cytheropteron videns Miiller, 1984 OFTHO THRMSITTLEK, 1 LA TP F LR OHEN S, F/ZBRAE TS
HIOMMENSE L OHAH SN TWS. LAL, INETIRERMAINMZOTNH4MTHD. PNROE
BIIHROXRMEMZ FR/EVEE TR0, EMETTOBRMEL L, IhETOEMRIIAIHETH>
7=

AP TIZ SEM BB X B EF RO & RRIDRRRTBERFTICINA T, MHICKDBEMBOMIEEZE
BLT, XEOENEERS-. TORKE, BFEFDEMNSEHT D Hemicytherwra I 11 . (H. kajivamai Hanai,
1957, H. cuneata anai, 1957, H. tricarinata Hanai, 1957, H. clathraia Sars, 1866, H. anapia Hu, 1986, H. sp. 1. H. sp. 2,
H.sp.3,H.sp.4, H sp.5,H.sp.6) {ZHEEIN (H.sp. 1~6 IZNWTNOHFETH D).

NI RIFREN 2 55 R W DI BRI BRENIIZ DO TEN. XA RBDIF L A EDRIIRBROE
EEICAERT B0, HSEATENE Y. BEFIERIOETEWAMEERDMIL A sp. 5 (BEEBEBLIUICA—
ANS51)7) & H clahrata (EHFEREHEHE) OHTHD. REFEEZIOND H. clatvata %2FRE, KEHD
ARSI B2 ZENSARIIEARETH D LHEETE DN, TOHEASBBUIRITH 5.

APEETIZE SN ERUBED 1| fieA—A T ) TED H. mckenziei, H. spinifera gravecalcerata, —a—3—3
> REED H. pentagona, H. lakeillawarraensis, 33— /NEED H. cellosa, H. hoskini Z AT, FFHIZEH O E kL
EIRETAL, WHRRNXNOHRRIFE S BRIZ DWW TOREBLEZTY. TEHEDOEHLEN S 6 DD species-group 1T
HEILT-. S OITBEYEILHE SR ERIEZ RN 5 LR, INS OB RET 2.

(1) H. kajiyamai group : (H. kajiyamai, H.sp.2, H.sp.3, H.sp.4)

FPREIMOMO DR EENS OECENERMNTILAL, PREFED frontal scar DIZHEDN— MZRT. FH
BP0 LM EMEROBEOMEIZLS. HEItEEN SR FlE TOERMRIZRSNS. A0S
B H. kajivamai WbV EAECER (FHH) 2D IENS. AN —TOHMERMEEZ ENS.

(2) H.cuneatagroup : (H.cuneata, H.anapta, H.mckenzei, H.pentagona, H.sp.1, H.sp.6)

H. kajivamai group EVIRETFLO, AHEDEDEEDOHELEIZHBWTRILT 24, FHOMH N REBIZ |
DMENDZETHETS. OHRETRONE LB ETREDOEOHEIZLS. HhIREKEELFORE
ZIRA TE~PREREHISI RS

(3) H.cellosagroup : (H.cellosa, H.hoskini, H.sp.5)

H. kajiyamai group (2L T, MEOEMNEFREERIZ 1D, ArEFHic 2 DOfmEN5. frontal scar 1 dN\— MY
2L, BETALOII A-1 HEDETEMN SO species group SHHET 2. FHEIIETOIIE & BEAETEIROR
BOHRICES. I—0y/)\NST 7 OE#H~REFBITANWSME D, REBED H sp. 5 33— w/NE
D 2 i L IUHERNITAREIS 2 & &M S BB OIS EFEAVNE S N D.

(4) H.tricarinata group : (H. tricarinata)

FEPRREPIERIAEET B S58E murus OFEIZE > T, MO —THERFENS. HmEidEES
BORERRIROND.

(5) H.clathrata group : (H. clathrata)

Hemicytherura R & UTIRHBIRBOER 2K, FREMIIROMNERRZLD. BAEDOHMHISIL RS %
EHSSITIEN S, LA TIBREFINSLILCER T 5.

(6) H.spiniferagroup : (H. spinifera gravecalcerata, H. lakeillawarraensis)

H. kajivamai group (L, ZEOMEMNTINENS. fontal scar 13 U FRZERL, B3R E2L,
DTN —T EUNRTIEHE DIENZ . WA —RA M), Za—I—F 2R, MHBRIcHHmT 5. i
WM SEHTDERIRT RTINS ORERL, RO/ —TERZHR TR EEZ 5NS.
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IR RERNERBARBBICS I 2A At ABED LT BERR
WORE*  GHERERY - ABRB - BEKL > - FERPX*
REAEKRKR VA EEEX BHRBTR B REHR

EERRANBUANHASBEICHATTAHRTIERUNABRAGARTI. FE=L0B1L
LRETHIERYDHIROBN B D1 DTH S5(Iwasaki 1970). ERVHYHIERROD
REABETHIEVWDINTELENERIE S, 196374 ¢E), AF, ERMIBZOEXRRE
NPOEBHTIERAUHYBICIRAROBILLANEENZIEBBESCNTHEYUNE - B
B.,1992; NRIIN 1996) , R, EXASNTELEBRRBLEIRBD I EMERIATL
5. /., Ogasawara(199)IB VAN TOEEEELZZRL, EREHPEMS &N E
POWBRICEBLTWEEHELAE. COLOC, EREDYVWHOLEEBERERIREZHLDD
H5 FRETIELAHELRALELEHYTHI AR EAREEZDBLNVT, AFBEBOHK
MBEMTELLEBRERETS.

MAMKROAGFBHER, TH, PB LU LBICSIT S5, T8I
Ostrea,Felaniella, Anadara BRED BRI AN EETIRBERVES LU FEFRUMIEEY
RETI2ABEBPR~AHNPE, PRI Y ERNRA TN ERBTIKREBER~BRREAND S,
FLT, IBREFRESLUINSJBAMXBEIRETIARCWETHD. F8H 5 L
KT TEHOBRENREL, TOSBEVWKOMIEBBELTRERBRZNA TS (BEXIZ
».1998) .

ARBABOFEREIELTHIIHEMRBELAICKIY 10~1IMa THDEHEEES LD, £EOL
R THROEKREIAXBTHB(BFIIHN.1998) . S8, ARBEPBICKAELTVISARE
BREKE Kt-1(BF1EH.1998) Ky Z)haryEmHL, 10604 Ma(lITRE)DF.T.
FRES®L.

ARBEBEEH230m)PSHmBECRMUALICHMPONSOBO AR RIELNES
hrie, ThSIIARE~BREEHENSZS L, BBERHE(temperate species) L&D 6~8 ¥ %
&8, F A1 (cryophilic species) S 1~2 RIIEEHEL, DIFHLANSQUBXRB)RILEE
(circumpolar species) WEHRTZ. ChoOREOHERLEEHEIROoh AL, 2D EH
5, AGREEBER, TOHRBEZEL T, ERLEBRBIBBETHOLEILELMHEEEINDS.

THROBRBEBIIRZIOBR(CEKR)OREICER T S Spinileberissp. T, PROBE S
HIZTRBIBEOMEICE BT 5 Schizocythere kishinouyei 7205, ERIICHD2 DN AREDRIEIC
48 EEXS5NSD Kotoracythereabnorma éE AN NDH 3. EINIC,. SROVWERICEET
% Paijenborchella triangularis,Paracytheridea neolongicaudata i KN BB TH 5. T Hh
SOBEEIVWT NG ERETHD. F4 48T Finmarchinella spp., MILEBHET (I
Palmenella limicola MENBETD. UEDIENSARBEBOMMRBIITHBTIIMAMH
MAE, PHETREBALAEROBEROBVELY, LAICHESI DA FKOERNSE TS
KAHRH>TW-HEZEDNHEREEZNSD.

93



HAGKEMFL 2 0 0 04FAEL TR BAMGE 72 2000414

X A P Khlong Thom #, Satun 281 2 BANT BHEHE
B K mekE (@RKX-B) - BHE_ (&RX-I)

K7 O 7THIRICBIT AN ADOHAIL, Dana 23 1852 EiZ Cypridinid O @4 L TLLE,
— R EORVEEEEON, =T vy HERB LT ORIICET A RENT REEEICBET %4
72 Sk, Whatley & Quanhong (1987,1988) %[k < LI1ZL A E R YU HF ., FICEIRICE L Tk
PEERENRR ol =T v HBBIIKFEEL A FELRVTE Y . Whatley & Titterton(1989)Z
> TERBENFH BROEMHMBR N RENTHA  FHIRE RV E OFERIMET 5, L
MU, TTICHBARERERNS DN TE LT, ZOHEAWTHOMBMIK SR TSR EMRT
hHol,

& Khlong Thom &, Satun &t~ L — B WHEEIZ(I/E 45, Khlong Thom HUKTiZ 3 6
Yo FVED3TRS5 20, Satun IR TIX2 7450 2 1 B3 TEAREENE, 25 X%
— 3z -3 & Khlong Thom HUK T 2 DONBHE L 2 DONEREZ LTI BEEDFH 5 BEEMN
B o, 2 O5ORNEREEIY Kerjella aff. papuensis & Miocypriders atojhensis D EHRIZ L » T
X4 EXh, A EREDO%M & U T Paracytherididea sp. ,Stigmatocythere bona DERBET HN S,
Satun HUR TITRERME L WEMHED 2 ORBH LN, FHBBICERS AT RBEIRET 7
B TENTAIEIIMA, v7 v W EREENOE~BHTIHBHRORBIZLY, Vo vEhbA
Y RERIIAHTIBEREOLONENT 2, ZhbDOFRIT, FMIRORENFHEBEROERD
BENORDZ LETRLTWD LRI,

FHUR IR ARANLZE 3~ A mDEVBIWIER 2 >—F, BEET U/ A —UKEBERICBL. —EXAH
FLEFCHDN, AFECRRANINOOKESBIICM KT S, E-T, BRI LB OM TO XA
FOBHMBEILLNDN, TONKOERBIIRATH 1=, €T, AWROEKSF & BRESH %
BT 52 L TIOHBIZEIT AHERDOBE LB O L, £EEOHFH /NP — /(2 E 3% Khlong
Thom HUIK TIX 5 SO, Satun HIKTILI SDOMBERBEH LN, ThbAEEKOSHEFHIRT S
FELREER L LT, Khlong Thom HUk Cids ¥ & NE OKRRIEORY Y, Satun Hifk CIXEE DR
WHHEE SN, REOEEOS T L RBOLTH L OB OFEE. Khlong Thom Hisk CriHEMer 71
IRXE LTAB»OAERIICBEI L TWD Z ENRALMNIRZ D, Satun IR TIIHERBIF OB BT/
S e Bt bhiz, Khlong Thom HUSK TIXRIZFEIZHI KT 201K i B A EH A HERE M 2 X
LTuwW5 &R S, —F Satun #Hilfi TIIAKBRREIIHBRHOZE L T D, Th bOHEIIFE KD
HOMESTHMHO LIFEINT,
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FEEAILRA CED  PHPFROLWEFRY A 7 2 OB/
KH BOEEEX -8 # ESHCUHEK - 3

DSDP Site 608 (JL KM OF A &l L7SRESAILRIEE ORERALD 6, 14.5-11.2Ma(CK95) D EKRF
KBOEA/ Y —  ZGENFRBETRL, BR-XBOBERBIRE V) BOL O, Db H O &g R
VAT LADETE AR B, Sie608 X DIFROBILEREFE - B kRFED) 77 L AtLs 3 s Th
D, BHEOFAPE L KL DEEN T TRRC T 5.

T REHT Site608 D Core27~34 ETO R KA THH. FHOME, Sie 608 (251T 2 2#EEFIL
BEFLIILUF D 4 DDEYTIHBICX 3N 5.

I (~14.2Ma) Neogloboquadrina mayeri, Neogloboquadrina continuosa D 5L8¥ % .

0 (~13.9-13.2Ma)  Globigerinita glutinata, Globorotalia peripheroronda H* 5.8 L, N.mayeri, N.continuosa (313 &
AEREI L e,

M (13.2-11.5Ma) N.mayeri, N.continuosa DB L, BFESHED 30%HT#H% LD 5.

V(11.5Ma~) N.mayeri, N.continuosa 7" @8 L .G glutinata BERT 5 .

NG OBYAAL DN L A A JL RS F B AL L8R (Wright er al.,1992) & DRIFEMILIZE B, 3D 680
BAHIMi3-MiS. Miller er al.. 1991 DEAGR RE SN D, 126 1DZE(L(14.2-13.9Ma)id, Mi3 FTOR
BOKRIL K (14.0-13.6Ma)D B E — K3 5. 125 NDZE{(3.2Ma)ld, Mid F T HKE LK

(13.2-12.8Ma) DA E —F 2. T A6 VOEIL(11.5Ma)id, 11.6Ma 0 8 "*0 BN (Mis) Dk IZE2
oD, TROOEIE, KEAMOEILERLTWIEHBTESL. T/, KEROKEZEHHIEITL
TREAKBGEAT L 06, TOEMIIHBKKROILAKTPERCBENHLEEZDLIENTED,

i I O BUKIR LK & iR KGRI 5 Flower and Kennett(1993,1994) Wright et al.(1992), Woodruff
and Savin(1989)% E O L i, # 14Ma (2 TISW 2SI, SCW2ASEE L, # 13Ma 2 NCW A X
N, PP HEOKKERICKELEEBY 52 ERTWE. 0L ) RIERKKRY A7 0L, K
RIERKE BT L E L DIKBARMICKELEBEYS AT THS. £ T, Site608 6 RSN/ HEE L
FEMAILROBEEILIE, EBAMOLILERLTVALIT TR ER-RBOBEABROTILERLT
WHEBRLL., £LTEOLEEDYEME GRS S, Site608 DR KRN L% FTREHAILIILED I
26 1 OZEIE TISW O -SCW DREIZ, 125 MNELIE NCW DIEKIZ, W26 NVOE{Lid NCW DFE
BIZEK LTV SN RS I NS,

KREDK & LT AT LR ARMOEIS, BE-KBOBEREROLLERLTVE BRI,
142-139Ma, 13.2Ma, 11.5Ma D 3 EIZ D2 o> THFSERDER VA 7T A2 BUIRIL L E26Nb. £L
T, ELBDOWER Y AT AOELIEHTH I FH I OBBKREELICKE LRSI EEIZLNS.

" Tethyan Indian Saline Water, *"Southern Component Water, * Northern Component Water
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FRiERERILRROFH LT 2 HFRYIRMER

FREIE - LB ¥ (F#MK - ), Petra Heinz - Christoph Hemleben (Tuebingen Univ.)

GFHEICEETIEAEYO—HIL. MERBO—REEREOILMAEEHEDZEHLE
IZHEVWKE, BETLHIEAMEINTNS, KEFLRIT. ToRTHRHFHENI-
ZENEENDIEYTHS, L. EWFICTEATHWBEEFILENED X S ICHEYE
OB FEBBELTWSOM, ELBRT S E TOREDETOEOBIEIC LB IARM
EFLVANZZLIBHAINTVARN, 51T, HEBIZBIT2EEELRHERITOMEER.
FEDOT I — LD FNMBERIZESEIZIIBICAILROEEBMNENT 52 Z Enbn D,
BUIIEEEMOFTHENIEER FORMICEDFIERIZINTNEOMDBEE/Z> TV
Do

Z I THEMAETIIFEBOEERLREAVWFAFTFEREZTL., KEFAEDE L THED TS
OB EBZEEZIIAIENEDL D RRIEERL TERICEEE K 2 BIT 200
EERL. BEEFLROULREEYNDORIL EFHEDEREE RN,

ERTIIE - &I 14em. BT E1cmOE BRI O KR IZHEB DOHFEK1425 m» SRR L7~
HEMEBL., #HEILERETKEORARON I ARMICARSNIFIROTEEZEHEL /-.
KEIZ6 DREL. £DO56M2DI1213ugC. 12i2272ugCoWM TS50 b 25 %,
FLRHOTHOLZBE L. 35 A% KETOHERBYEZRANSHEISMMEIZY)D
S, O—ZAXRANFINT) > THRE, BE L THEEMPOFILROMBKE. SHEHN
7o

BIROERNS, W TS50 2525 EFROSMNHEBYMEREFTICER L.
272 ugCONEM T 5 > 0 b 2 %& 5 Z F- /K Tldshallow infaunaD HFLEMN B %Iz, £/=
deep infauna T & % Globobulimina affinis® 2 BRRIZIZHEM T 5 >0 b 2 BEL T, 13
uegCHAKETH, RINZEWNH D Dshallow infaunaD FFLENHEY T 5 > 7 b 2 A2 BE
LTW, EB50FRGTHRILRNOBHEE. BEBARICIIBEEREIZIR SN/,

ERKTHE, PP LSHEVWHLAAO—-ZAXRHNICRESFFARIT, 13ugCOHE
WMT5 0 k2 EEZFKED—D TShallow infaunaDEEEMAKE ML Tz, ZD
BEIMIHERY DR VTN THEETH o7z, HMMUZFILDRED D 5. Bolivina pacifica DY A
REFHBEILEEZA, 200umEA LY A ZOEEBIZIZEM TS >V N o252 hho Tz
IKKE E BN NDHDD, 200 u mEA T DY A ZOEEEAKRIEIZEML TWhi=,

LEDOEMMERNERDOERNS . GREOKRAFRFLBIIHBYERMICHRE L -HEt2H
Wma 2 HEWD ERETERL. 827 ARIIEEHE,. REL TEREE BT 52 &M
Hbholz, ZOZEIFEBEOEEFILHOFEH M RBERKLEN. BEOTIN—I > 7Y
DILBBEEDNBIEL LI > TVAA[EENENI EERLTWS,
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EHEEEALREOBERRERRIC 5 5 REORE
-EEEhRBEAIE L T-

IUFgRA%E - LB #* (MK -3)

BEMBERE T, BFEBR THEESNADRBEOFEBYPKELZILFEL, F0% N
EIEEFTCER L > T INERLINS, BEBILIATIHEETI TEEL-LDIEEZ
DELDEEEYIZL o TRHH SN, EWEKOEERLHR 2 Lifibh, 550 P& F 2R
HEXNb, 2o iBERBILBEIIW:A2YWEBRROMZEMER ~ £%. HEE.
ILFZDBENCEAT LI L ¥ HME LT, HEEPRIFOEH(35,00N, 139.23E, KiFE
1400m) 12 BV THREBFFE % 1T o T\ 5 (Kitazato et al., in press)o WIFEII ATEHEWEIZL 57
o7 4 NVSAOR, BERBOEBEEEEDRE. sediment trapiZ & A (LR F Ol
E R T7ORWEITo720 EHIZELEL DHEM(34,59.97N, 139,13.69E, KiE
N7 EREREN Y ¥ — 2L o TRRB SN [WEBMFERBEEEABHNAT—2 3 ~ ]
BIFAYTFAMELBTL., BEELETORFOEELBIELAUMIEA. 1998),

WE S IIEBEORY M8 (food web), W TIXFEDREBRIZB W TEAFILDH
MHRIZLTHAERELHET LI E2EME LT, HEEDpojectiZSIML TV 5, EEH
FLHITEBIREE ThiomassD % { & 58 TH Y (Snider et al., 1984), WHEDREBRICERLL T

WAIETIENLTH S,

K B, 1998MS> Az :ﬂi f@ﬂ%l{: J: 2 TTEE’E?LEELiiE
i T S b e i 0 BOAEROBNI & I2IZEY LT,
tul ! . . REABIIMT 5 2 AR SN TS (&
a LY oy T * HEWF 1999 FFE ) o AFHETIT,

’ 9[&{1';'51"‘:\‘251'1'A'S'O'N'Di)'FTM'A'M'J'J'A'S n i TW{@%#{’%’E?}JQ?— 5 ‘:Dﬂi T.

i <. s> ' &4 DEDKE SOHESMDOEALR. I
uén;l (Mass flux) <R, Ms> : 1190m W%%?ﬂ“% Lfiﬁ%tﬁ Eﬁ‘ C)ﬁ%b‘%?‘%@ﬂ
o . PR Z BB 52 L v A, BAEHIL
L prN»MVﬁJ\» AR R AR E ORERML TV
ol DDV THRT o

A L) F ML AN ,A,S F LA J'm”nm
€ |
. | ]

REO® Y OMF

B XxEEMRIPSBOSATVEIT -2 2 BEREN»S

5

{
|
0 F]utfy Layer® @ &
|
t

e jj\l\ t 1 o eo0m BEETTENLEDD,
, ' " ErSATHRICLBKENE. BEREO/OD
l\/ : )/l\—kEm 71 )V&. sediment trap T8 5 h #:Mass fluxlk. #8
! miR o2 BTOBENE' OHF. HIEMREOfuffy layerDE
L] | ; & HRYRBOMLBORES . 2 L TEEHLROE
S ] | ABOEEERT,
I : l: I I HILRERAEN % Bfluffy layer& 348 T 5 2 7 b - O:REG % EXB
BT, P ATS OO TTENTAT ) (ATS ERICLE>TVBIBTHY . BILE & 3850 & OB
Date POLDIHBRM P EREER LTV IBOI LTS
3,
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EEXBFLRBEDMg/Cat A /=H7KBET DML & % DRIFES

2Ry, k8 #F FEX - 18)
lN0g%Es (GLEREFR/RILKX - fR)

AP O RASERAEOMgCal, EWA TR Z ILE U 72O B MO ik
BT A, COBRIZHEDW, EWIBRRRIEOMg/Ca% KA & L THIN T A8F%
PITbhTwa., T L) EMgCa V7o KimEHid ey o, “HH, B, #
LTHILBBETERDPHKAON TS, LAL, ZLOW%IE, ARRTRELZRE
DMg/Caz 3T L, BUGOKImICEFRE LB L TWa 720, KM ORENFOEE %
ZAT TV BHEENELH 5.

FITHAIL, ERZEATKRRLIETORLZ - 2&MTTHILMZEHF L, #hth
DEFTTHRRELZOMgCalt x lIET 5 2 & T, KBRS VHILBFZNOMg/Cal 5. 2.

LB EEMIIRKS o7

I FE TIZ, &ifptE DK A 15 FL S Elphidium crispum, Planoglabratella opercularis, Rosalina
bradyi. Quinqueloculina yabeil 2\ THIHEER 1TV, BOMg, CagF®mEZMEL/Z. W
Thod, KROLEAIZE L > TMgCadb ML 7. #hFR—KRXIEB L E
Z A,

Elphidium crispum:

Mg/Ca (mmol/mol)= 0.125Temperature (C) + 0.352 (R’=0.919)

Planoglabratella opercularis:

Mg/Ca (mmol/mol)= 2.22Temperature (C) +89.7 (R’=0.979)
Rosalina bradyz:
Mg/Ca (mmol/mol)= 0.83 1 Temperature (C) - 8.24 (R’=0.998)

Quinqueloculina yaber:

Mg/Ca (mmol/mol)= 2.90Temperature (C) + 66.0 (R’=0.919)
LN, —F, WTROEOMgCablif DHHIII LA L L o7

INHADONT, Q. yabeildlHRFENIKE DR FED. T2, FnLHOIFEIL, Wi
A7 AEAIKREOBREHFD. WMEEAILME T ZEHLRTIX, BORIK{LDOEE

KARLBH, BTFNDOHETLKEITOIEEMgCad BN+ 5. LA L, KoL
HAZPE I MgCaDZALERIE, 4O TRE Lo/, BBRHEDEZFF2Q. yabeiD %

b2 H K& L, DWTP. operculanis, R. bradyiDJET/hE { % V), E. crispumTHE b/
ot T, FUREORISERICHD AUMgR b4tEf] TR 572, P. opercularis&
Q. yabeiTid, BZDOCaBHEIZH LT, $10%0MgTHAHDIZxF L, R. bradyiT#11%,

i b V7% W E. crispumTII 1% AKi#i 75 > 72, R. bradyi. E. crispumid. P. opercularis& & 12
HIABDOBREFHF2IZLEDLL T, MgOI D AHRIZHI00fEDEDH o7, LD
£, HILRBOMYCaIFEIZ L o TRE > TWA. T, Mg/Cah’ K7 IS
LTWwabifTidnd, TREFROMOAERCH 2 LM EEINDL 2 & 2Rk
LTwb
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IRIBIEIZ & L COERSEEFLBRIE DM
--- Trochammina hadai Uchio #fl& L T ---

IR F-LIRIESE BFRAXER) , =B 7F HEARREFKK)

EMEZThERY ECRBEDIHEE %IRRT, MBREORBTHEERL L VET
MLV TIEENHALEST, HMBPDILRIEE Y SBEDRELBLWDIIFEICHEET
Hd, EMERBIBIZEE TIMREIEL 1D HY, BLIE, BENORENLSH EHEOE
MEBIBIEIZERE LTHWAAEEE-STWS, BESYIE, BXRERED > BREIKE,
FLEAKDPORBIESILBLRBESTICHSCEFL, SL-REBEHBUCEMTEIZ &
o, RIBIEEE L THATHZETTH2, LHrL, BEEYOS OB I X
PINE L, BEMEBBICZ LW DICESMEIHL <, BREHEEZES L T—HROICAVLSH
BICIBESTUVWEL,

BESIE, BEEYMOFREWRIC, BEONADIERES 28247 L T, BEFIEHR L 8
BMEICEIVRBIBIZEREA S &L TWB, S T2, Ammonia beccarii,
Trochammina hadai % £, ABEEDEEBEZIXTVRERICOWTHRA#T-TH Y,
BOSHERBEDOHRE, MEEEREZ L THHEATEGENEERIIODVWTTF—2%#E1EL
Joo KFBIETIE, Trochammina hadaiUchio #f5l& LT, BOMELTRE LIBIE & OHEE,
DO, SHBATOBEMNELEREE T LY, CORBOEMIBIEIEEEELE L TOEH
MICDWTEERT B,

Trochammina hadai Uchio DA% ILEEICIEZIFREINTS Y, BICEBYOHINDS
WERERBICSBEICHEET S, LA, RREDRIBTIE, 100%IE<ESL TH
hY D, £/, Y2 UF 0 XABETHRBREBEREDBRNTFET S, FEMEL T
hadai £ DAERIEZ WV, BB T, SEOHMBICBHENTEZELTVWSER M MEIHAID
BIVICEP >TEHRT S, £/, OY D1 VADOFEVWTIREZHKOBEILOET HWIC
BF->TWBEDHENH B,

Trochammina hadai |3, £EFRNDHTRELHBEHITILT 2, BKOBEEREEL SV
BHICBACKENEZBERRT2Y, EENERMFRETCRENECESICLS

(Matsushita and Kitazato, 1990) , COMEETEIRBTER TCHBRT I EHFIETH
B

Trochammina hadai DHIREFAR DBIZAI LT RIS ITS 48 THEA Z L,

LEDE %, BEDREBICHT2HEOLHIEN, B—RBAOHETEXEENLTRD
ZSVEEDRENBHEHAEOERIZEILE ST, HEOEBICEOWBIBIEELY
HMLEIEIEREIENTE D, &I, BOMBEARTOEENETEDS LY, M
BIRIBOBIEICEY 25 TH B,
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HRAROHFT —EFHNEREEDT IR/ VWX SHELVAXR(FE)*

INREFB(EREBHENTIEYIAR) 218 BEES LT RE)ISMEEH R LB R EHE)*

RO — BEH L LB OBEAHIBERIL. ChETPHIR/VILBEDRET(RIZFITMN 1991,
#1996 15E) &, ATV 015 E DBBERE(Otsuka&Hasegawa, 1976, && 1997 128) DEMNH I TN E THES
L0 B ERBEBBLROZENAIKICEH T 2 LEBHNERBIORBMAS. O7HFR/JT Y. DA
AHYTh QARBEIERENT, FIZR—BEMSEHLZ. Shi 3 BOBELHET 5.

EHROTEA. MEILEEOMEME LFEL. FiIKtEOBBT. $&E20m HZIH m OREBEZHT,
BILEOEHBEIL. REST/ S ILNE)I-[E18,1982) E0E(Eh B K ILRERRB O TAIF 20m (ZiFEA DY
m DRBIZHYET D, BEEEHO/SAVIILNBOREAZE) HEBBETICZEHL, COLHEOMBAN, FILE
DEEMBICHLT 5, FUEDOLICEGH/MIBRBOEEIRENIBZAITDT Y A bV IHEHK:1.49%
0.09Ma(PrIZ M 1990) oA T, MELBLBEEBEOERIL. LVFEDETAH 1.TMa LWEEZTNS,

Q7RI ODNHEARIL 1998 £ 11 . RED— ABIENREL-, COBEXDBHE. tAUNEORF YIS
ANLAE, THANEIIEBRESL. Fa— VD&MW NHE—FT. FREERNTETESL-EHS
1D, EEERES T THEETH S ILZcmUTDOEEZDSNTIVD, LFHIOEMIIALEL EE 3 FLEIE0E
BO—EEBEOH . BEOEEORYN 7T0mm) - BE 3 FABRAEGAORRIF OO0 LE 3 BFETHRY,. £ TRET
[ZRFEHATEL. F1HOEH 35mm)&. b T ML EVEABEIL TS, BEFEHSOBBEZHHEDIL.
¥ 3 FLEEIIEICHLTREAH2(5T. BELEREORFEEFRMHML T x6GEIE x5 x)DEXNEESH
%, BHRNSAHATHEOEROABMOBEH IR TEESEKEV, ChETTZYR/VOOLERE 3 FLEIMEIL. =4
#_t(1987)(-$6ﬁ}= REHEDED. HECHEEENKRENELNIRBEFEOEDESNINETTHE—OBET
Hot-, UHEXRIZI. HEREBEREL TSN, S torigonocephalus (Hooijer.1955) > S, orientalis
(Colbert&Hooijer. 1953)0 L REIFLEAWE (XRG D, KBED TR/ J01E. EHFHIOLEWEIFEARE. (T
AERBEDIFANEOEBORFSN-UIEOHEVNSHERNLIENTELIERLEXTH D,

@hXHH Cervus (Nipponicervus) kazusensis |IBREBED— ANRH 1999 £ 10 AICIRELE, BHELAT
D—EHERAEREFSIEAT. RFER 5H9+cm, EEEHO-HABRPRMALE2HFFIHETIOSANTILDA,
FoMED L 10ecm EFTRFSNTUD, Otsuka&Shikama(1977D DA FEIZHL . B—HAEFE N 10cm EwHY.
ARHNHEENEENIZBU. EZEARRANFE T CIBUSIALENS, AIXYDUHICREL. LRBREDH
AHTHOBIEBERLLTIL. RLRFEHEDEAH>EERTH S,

QA RE Canis sp.indet.|L, BED—ANRN 1999 F£ 9 BITRKR L -, BELI-BEEH FTEEH+EAIA R 6D
QR HEER+ERE B OIS, ETRABLEMU-ETHXE, 56, FRE. L2 RE. 2F&/ 15F
BRUBENSHES 1 5 OMESOHSBT. 1.5m BAOTHEICTAR MO, M. SEAOIEICEL L, Rtk
PEBIIREBRICITISREREL TV, ETHEEEE 2~4TEMEX1 - 2KEEAEILTEY., ¥ 3 KE3E
DEBILALNEL, TRE 1| XBEERIH 30mm HY. REOKEOKEA A HIOAXE TP~ RIPEHE
OXREDIELBAFHIEB)199)EET ZXEFSTHS, IOV TITEITREDTHAA. A1 XBELTIXH
ABRLORBT. BEOBEH - FEHFHICHITHELEBRBOFRILBELTENOH TOREE LT, A A hITR KRS
NA(RBEBNATITHT 20T, SHISTFERVERIZEISTIE. I XB O RMMERTGE DEBMRENSHRAFTE S,

ChSDOFERL. BROMH - EFHOEHEBMBLRFTIDIT/IDLDEHFLTD,

*On the Stegodon aurorae. Cervus (Nipponicervus) kazusensis and Canissp., from Plio-Pleistocene Kasumi

Gravel . Kazusa Group. western part of Tokyo.
**KOIZUMI Akihiro(lida City Museum), FUKUSHIMA Toru(Musashimurayama City) and HASEGAWA

Yoshikazu(Gunma Museum of Natural History)
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FHEEM  BHOTREHRBFNBLIVELR LELEXLHY
— 1. WECER-"

#F M CbEass - R R|E (TRt O - N AE
(B etimtn) - B B (iR ZEROR - RS © - BPEE B (W) T

199943 H, FERHM y#H @00 2ok (MPh) FERISE) CBNT, TREEH
BB (hEEHHK) OBFED S, Palaeoloxodon naumanni (Makiyama,1924)DFEE LT E
BEDO—HMOILANERINSE. 20%, BESHHEFOFATLEHTFRORERZ1T-
eI A, HIKOBNIDEED 5 Testudines (/7 A$H) - Carnivora (RAFH) - Artiodactyla
(BEE) REDEH L. KBETIE, LAENWOMEZRN - HFFHNREB L, (LaDE
RIZDNWTiERB.

EHSHYCEE2EH U -BEBIIEXBLZ20-30ecmT, e ESA KO B WM~
fEaE»SRD. i, KECHYIBORMPLSEED S, Anodonta sp.3 %W, Unio
sp., Planorbidae (&2 ¥4 1 &l) , Pleuroceridae (7177 = Fl) 7 & DRKERE A
WHET 2. COBEBR2ETHEE, MBEE» (1997) "OHBHESCET 2E)BTH
BOTLRF 27 )= RAFLDO—BICHE T IH, EKEREGVLAEMVZET LI LN
5, LDEKOEZEDE, RALEMKIBIZBPNERETOEBMTHILEZIONS.

FENBMETEIILZ ImUAEZRAEL, BLEIPTHEERESNE. Z20% BB
T, PEECRE, EEMNELELE. INCHAEORRE, AREOUIELREMNELINLTH
5. ChoOERIIERDOELAPE L EF->TERT 2HEPH HD, HEPICKFICEDT
L8 0H HDITTERLS, EBENHFIHHALTWS. BEREORE, WEHEICH LT
EAE (130~50) TEEh2300% <, HEEROHEDFILN D LR 206 EMELH
. 28, BEAIRFETEA0WD, BREKIFEALED SR,

@, IHICHREEITVWENANEZGZ LB, EHILARODWTEMLRMAEZED S
FETH .

" The vertebrate fossils from the Kiyokawa Formation in Sodegaura City, Chiba Prefecture,
central Japan. - 1. geology and mode of occurrence -, ? KANEKO, Naotomo (Geological Survey
of Japan), > ISAJI, Shinji (Naturalhistory museum and institute, Chiba), * KATO, Hisayoshi
(Naturalhistory museum and institute, Chiba), ® TARU, Hajime (Kanagawa Prefectural Museum of
Natural History), ° KOHNO, Naoki (National Science Museum, Japan), ~ FW - £k - f B
(1997) , HEFEBIIREL 20054 7OHE L~V = L A -TRBEBELRE, &8
BELOKHE—. B, vol. 103, p.1125-1143.
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BATwmJDICREBE INI-FTHOTYYIC
FOo0HhBWNWDOMDESE

RE)IEN (HERIBALHEME) - DREB (BEHHEWFIEYE)
- FRIFIES (R - FEHFHR)

Edmund Naumann (1881) @ [Japonische Elephantes der Vorzeit] O HIZHABAILERD Y Y{ta
MERSN TS, TNAHBATERSINERIIOF O~V OkRE D, BIBFEEMIEICT.
ETHEAHEOEN (M) REVBREINTLEA, 100 EMOBIZK A EREE - R LT,

HFOHFEEI L 2T, W ODDEERHILZOT, BBICEEDBZ L E LT,

1) F U= oNRRBTAETICROELIBLIEND 2T, ZOLBEIZPRCARELLTHEEES
BEENGR2D, BHABIRE, MARCEENMEONDZ L LR . Wil - AN E=25 1
#ho1l FERSRAZE > TH 2O THEBIILARRREN, MABEEMNGH L 15 (IS 26
F£10 ARIT) ICTOFENHD, FERERIE2FIZWREINTZSO LY, £FIIZEE3E
(1867) 1l A7 HORBLREEIN TV, BEHBELAIILARER2THD, FLTHIAEA
FIZRERBOERIZLY  TRIZEfERE VI,

2) BHIBAEOKRFEBREODERLWVWIDIZ, T2 TRREIMESICHEIZEDLE LWV D Z & MHE
gansd, HWER £ 6l MHEo 1t MESEAERESTH (RESHM) NEINT
By, Fhicksé, gl B LSS ER kR DD, ENEEEZBICENEND
v, ARSI R, Rl T3,

3) 1881 4. E. Naumann (¥ [Japonische Elephantes der Vorzeit] &% L7, Z ZiZAfLD /v
LERA FDOF=F 4 7 A/ VIENEREBLIZOTHD, ThERDEEMAEITELS
AOBRBEERORGFIZHEFITEbRALED TN TN S,

4) 1999 FFK (9712 ~ 10/17) (ZERHETEFEDE CHEIN-HHNE "AAOMYFEOR TH
hEBR ) B OMEHEHMPICERER b -, T, FERDEARIZIFT U OE&ILH
H2EMORAEE THEMREEIN TV EOTHSD, BERIZIIHMAEAIMLEL RELHD Z L.
FOC ORXDKE —ETHIENLHEN A,

5) Fou=o0n 2, ITRAE, EMOBEEZEOKEEDRIEBEF v~ o8 LM
Wz ORI ESI R E PR O NSM-PV-2209 D& —FK4 5, ZOEXR
DOREEDIRIEIY, HIR4AFEOYESORICARONIEMABEO%RHEUTWVS, £, GMlo
FIHOWEEDHEIE L k42 & . ENKESERNSH D, PR ELELIC2RWVULIZIEL
ETHD, > T. NSM-PV-2209 I, EMFIHEDEZKREEZEZDLONRRYTHY, To=rd
HizBArboHreFEHIRETHAD,

XT., ZOBII—DOEABEEZRNIC - HdE, BEIERKER (1923 £9 ) T, ¥HoD
HAEEEPEORIIEARE L ey ERFEEMEOXEROYSLZ AKE_Y
ff (EHFEEMEORNE) CHHESRERSEENDER L EICEEL: (ARELHMYEGESD
i2kd) okizkd,

LAEMRBEEHB LI ETHEN, MERLEEAREREDOITHEbLLRY, MHEOERD
Bz T, E25RFEZABKEL,

Yoshikazu HASEGAWA(Gunma Museum of Natural History). Akihiro KOIZUMI(lida City Museum). and
Masaaki AKATSUKA(Junior and Senior high school. Gakushuin)
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Bolivia@EA® V) /N Cuvieronius [ZB§T A2EF1 R

EANEN (BRERIBALEYME)

Freddy Parde Ries (Nat.Mus.Paleontologica Arqueologico de Tarija)

Cuvieronius {2 T HMRIIEEL H DM, TRFHITIZETFFREN TR, EXLHELYED. 7
WEBF v RAYxz—TFT v, TAVAREIZFGEBL, FHIZREEILTWS, £ 2 U DOHEY
FELFE, UIth, WREL-BRCHAYBEELTWAD, —Eo8Hlio TR LI AFENWLITH
5, Tbb, HHEZE RERBETOER - FEL2FEEREOFRIZIZEALTE TR,

WEDO—AERINL, 1999 F4 8056 10 BETOEEM. #V/MIHEL. Freddy b & FFHE
g, BEHNEY. BTREELRLLOHGELEDTE-, ZORIC. 3ERY D Cuvieronius DEEDF
B, 7Y —=07%1Tv. BFEOEXO—B., AEZFIZOVWTHLEE21To-, ZOBET, WL
OPDORKEVEENRSIN-T-OT, BELXHBET S,

1) Cuvieronius DRI 1L, THRILIEMNEFEE L. Mastodon X2 E DM, RETIX#AH L2
W, TRbbi{ftLiceA RN Ei3,

DHFRLLH/ONT4kDERE (A, B. C, D¢T3B) o1 TR~R3,
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EL,.ERIR B339 47D FL5HF A4, TOFOEHLDOBRERELABALTHT. BAZEEIZIIEL TYL
HOinrBbhs.

RIEBOENEAE L &k > THHE LA 9 BRAHO TS EL Z o - 4. EEM5INEEROT, SHBISW
EBIh-RR. HHMhHEIL781% &, SOMEATLE. YS #B< 3 70— T TCIIANEORYNAED oh M, B
EOF W TRV I h 5 L5 affimiziBw o hikh -7,

DEDGHERYP G . 9F L7 FH AR EDELCRMPKRRAIIL > T, RABBPEEF O LM oML 7. 12,
ZOBEERL, BROVBTEMNOLSERBINICE > T, ELKHIIFIETH S I LAREhl, LrL, ZOBEERD
BB L BRI P RO T VBB RN/ BN LZBAICE ZRUIHIE L THRBESELT 200 b o RIS L
TE, SHIFLIEANDILENS 5.

*

Multivariate analysis of shell morphology of fossil Saxidomus purpurata (Bivalvia: Veneridae) and its paleobiological implications
** Takehiro Sato and Yoshiaki Matsushima (Kanagawa Prefectural Museum of Natural History)
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ANBMEKIC DM EEE IR SN 500 ?
— Y57 Ly REZDOHIELT—
OB HEE WWEIRFFEKX
WEAR  BREER

F—ILV . VR » PS5 AREFICEDE. £UEOELLARBEE
B - R EBBEIIC Lo TEITTDEBAE. ZOWNDWY 3 MG ikl
DREREBMEL T, BOFAOMBEY 1 ZIIBTIREDANEITOND,
INTRAFy R UL, I LERESfiZ, BEHEBEEWSBEANS5IEFIZ
SUTNRETNTEEHLEZETEI<HASNTNS,

LML ZOEFIVICIE., EEAMIIBITLIXRZIEBFEDN. LEOT—INSHES
NBEH 20 EVHENHDENDEEAND 5.

Zhicl., BAZECEMLEENOEEA»S, BEBMOMEERELTE
HOWBAMNERMNICFRALE S REE A, AWEIWEHEIN. £
DORERHEEIZEE O R OB EEICRFA LN SRE> TS, TOEE.
BEtabBENIRIENBHE T TN ETFIOTDA Y —T 1 A %&H
AL ) =2y TERANWTETIME L2 EZA B 2.0 DXREDHMN
/o,

FEISI. ZOETFINOHRE, ZEBROEYDELOHIELTHSTL v
RO EZLETZZET. ETINOZUEEREEL /=,

H57Ly RO, MICHEVEDIZN, ABEIKEVWDBEEE>TWY
%, BHEABOBEHETICE L. RHORMERITREZ DELTWhEFRIN,
HERN SIS NN, (VFR QEBVEETSLSITFHR @WHED
KEE KBLTNWTHNBIEK 20 DREFHNBFLSNIZOTH S,
TDTEIL HWIREZETHO, SSIEK 20 MLAaOTF—F¥R5EDY
Al —2alOEREBBEEL TS,

bt EMmS., MBETEEICBWTHEERADY 1 2 2 IVNRERNERIZ
mHEEZLON, SEOLIal—Ta ORREIZTOIEERT. FRARKE
TIDOREIZRDBIEAD,
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Sphenoceramus J& DR /N5 — 2 OFEKT
BEBYZ - ABES (R - 5

BRI B L7 & B Sphenoceramus B O P IL, BREAICL > T AR, ¥
F=T NIRRT UoBOERBFERICAWOINTE =, S naumanni. S. orientalis,

S. schmidti @ 3 FITEWVIZE-RIOHARDOBREA2HEDL, EOROGHKROBREA L4 >DOT7 =4
ZiZhitbnTWb. ¥, S orientalis (TEFDZEANTMZBEOCHKOBH VAR ONS. Mz
T, S. orientalis ® —ERL 8. schmidti \XABRKMB R 6NS. Zo0 3 /iE, ROERKOAWIR
BEHRMBHE T RVWEREOLBHOMIZE VT, TAThREWKRENTE R IR TE L,
ZF0RED, NI THRZRIETERVWLOX, £ETHHEOEELEN—FBTHDEEZ LN
LTHhD. £ZT, LEEPTHLEHLZ(EAZAVTERRA OB EZFEMTBE L S naumanni
& S. orientalis R° S. schmidti D LRI RO LD L DREJ 2R T-.

F9°, S orientalis R° S. schmidti DPEHIGHED THALAHPEI L72 S naumanni 214 @k &, FO % D
WD S orientalis 28 8K, S schmidti 55 AR HOWVWTE 724 ADOEDLVOKREX S, HHOhoHET 5
K& X, BEHRMOBRTEREZIZOWTHMLE. Fo, &7 =4 XOMEEEZRAMb 72, TR
B, SHHIIOWVWTOHBEEMEEOSMIIENLERY, | DORHET THXS. naumanni &

S. orientalis R S. schmidti DR O L DL ZXBTHZEEEHE LV, £Z T, TRENOFHBME L
MEEDT — & % H\THB W 21TV, S naumanni & S. orientalis R° S. schmidti O DL 0
EDORXBERART. HBISHIE S naumanni 718 (K, S. orientalis 28 (K, S. schmidti 41 f8{& &

S. orientalis R° S. schmidti & {£ETH/NIRBES4ABEEHCTITo7=. TORKER, S orientalis R
S schmidti & HET B/NIBRMEEDOPZ S naumanni LRI SN BELI W Ohdho=. 2 b D
ik, S schmidti EEXETHEELH S

VA EDRE R, S naumanni B S. orientalis R S. schmidti & H£F L TWEZ LE2FRELLTWS.
2FD, (LREOERV Y IONGEZINIE, S schmidti 3 S naumanni D> HEES L LA LB E TE
2. %, KBOFJFERIL, O L REMIE L THRMN SN RINERLRWES ).

S. naumanni S. orientalis S. schmidlti S. schmidti & $LEELT-
&R EE

Scale bar =lcm
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ZAHAF Barnea J& (ZAHA - VI FY) OHERK &R0 LB &

PR (FEREBENAT AT LHAREZ 5 )
GHESEER - (IO (ERRFAKERRL 5 —)

=4 H1# (Pholadidae) 13, BASCAMBREFVWERIIBILL TEOPRTEET
LR BB DRENLZ N —TTHS. —*HA1 (Barnea manilensis) \ZHED
BEBICALS AL, BHICEHREHMEOREICELLTEETS. ZFHIBOHE
MR —KATHD. —F4, ABEBOVIY A (B diatata) EEMNPHENS A
M FRBRE) TMTTHHRL, NBOKSPNIROHERYPICEE-> TEET 3.
ENORERBEEIZIEAEZTDSDEEZLTHED, BEADY I ¥ O#ERE

Mef@n] 2EEUIELIERENS. FMRTIE, BXEBamea BO_FAH1 &Y
IHATIZONT, ZhSESR2ENENTNE RIS EFRIANED LD ITHERK
LT Db, BEEEFEERIAICHEDIEE - BEHN, TIEESIHEMORRIBERD
HEMFBICEBL, Ththz &Lk,

ZTOREE, DEYE EREMN60Lm : BRR 1 ICHY) THESIHEHOREBES
BEEOBRBIZ-ANAETIFFETERE-KTS—F, FE - BEETIIRDLS
RRENDOHDBIENHSNIZR T2,

- EELEE R RO DEMOEERSE (pediveliger) OBXYA X (BRI OKE
SJICHYTEHD) BoF A TRHREPN320um, VIS5 THR4A60umERELS B
5 (I35 D460umIZZFH A BEOHRTHRIZKEN) .

- BHEMAEDRORI BRE/B&) BoAHA TEH 1.0 THHDIZHLT,
HEHOREESISICEE LTI TIIN 1.07 LATRICHEWVWEEZ L TW5.

- EEBRDA (EEEATEOMIE) HRIIBWT, ZFH10RIE, ETHE&NEHL T
RETBH-DICEESRANORENKEN. —F, UIFTORFIBICKEIEKEL,
FEAKELESBRSRETH-DICRIEFRORENEL .

ZOEIBHEOBNIENENDEFRACREIGELT 520140, &FiC, #
HESHEERABBERZBAICHAD S (TROBFHA TRERENFILEHRD,
S TIIKRRBIZES) BETEERRIZRZL TS EEAONS. £z, 20K
SIBEVIIHAEHOREBETHERL, SEREOEFNEFEEXROERICHEETZZ
ENREEING. SRIOFEEXTIE, ULEOLDBHRIZOVTHRENT S,
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ARG T8 - e R TELOH -
LU — (RIATA - 2)

B AYRED T B EHEAEY TH A ARG v IHEORFICMEL, BREH 2BRIAD
b b (Ezaki, 1998) . A > I8 (H BV IEK %ﬂ/:ﬁ&/:ﬁ)& %%%iBh
TWEHIZ M) T ARPHICHMD THIR L 2T TId % <, HEMIZBHIIHIRL Twi:
tﬁ%%#f&é.AWA%k%%/:ﬁm,AWAE¢@EW@ﬁﬁ¢@rFE%%J
(dwellers) & L THEFFL T/ (Ezaki, 1997, inpress) . Z4, diAEMRAHY » IHIT "%
K TELDOTHA ) D,

ARV LAEREAD S BT T, B S B BT IE K BIKIEREES R S . XL
AR HALIRE, AIKHEMEDFE L EIKE LT, RN R ERBRER#KED ERA I E 2
bz, T/, #HOL % TBBRE] OBXIZ, #ERkPOXREEEOEM (FHEL)
bHEEENDS (W1, 1997) . NV LARNKEHY » THIL, EWHEOESRICIZIZEA LS L
TWnd, AIKERICEARERIZHEBE IR TV AEENE ., W IITELEMEERE
RLBRBOERT S, RVARICEBWT, MY > I8 (& { iZwaagenophyllids) &, FHIK
R (BHBVIIARHT ~ o8) PEBTAIEPSIBIIEALELZVWI ENG, W7V —F
DEE%(%Eﬁwﬁivﬁmkﬁ&t)iﬁ3<ﬁ&ofwt®f%65.bU?Xﬁu

I, ANEY L IBIIAIKIBH EFEBICIEL, LI h) T ARBYLEL, FRO M
MLimﬁwﬂmAmmL%¢wa%.A»A%m%u%uﬁmﬁﬁﬁﬁﬁt.iwm%
L 722 &A%, REHF T “wh " MRS RRE L -0 THhArS. T,
AIKEMIEDIL R I N2 T LT L o T, RN v TEPZ 0N TR SN DS D AR
B E L7z ERZONS. THRLENDS Y 2 SEFHICOT TOWlEL, ST~ T8
RHIKBARDOBHEODWIE L [7I7 VHEE] Thot. T/, REHY v THOSTFRH%
FWLBRENE, LB O TRIZHRKETH D, FORIFEIX, BX #300Mall
FTHMBHZ L E/RLT WA (Chenetal.. 1995; Romano and Palumbi, 1996) . § 7% bbb, 7J
VEDEEEZE T BRI, NV AHIBEIZAEF L TuAaZ L ARIEA L sk
FTIE W,

NNV ARITIE, WS TRURKN L T[RRI (2, KEH > T8 e iE
LTwWw/ztEZOohD., NVARKOMBEEZR L, MG THEHLBIBEVR S 72— 4,
BIKEBRLNEY ~ THO "R #—EI R (HAHWVIEIE) X470 THAH. <
VARKDOMEEELIIL DAY LB B 72D, £, BEO S THS 2 RZED
W B FHAPND . ZDiEVIT, F%m»&f&rm%u<m4%¥mﬂﬁcké&w
EELOH LA, LioFEE, hERLIED SHEEAYHRLEDEONE, 2o IZEFRLSL
DEBRERG L OB Y DOUEED AL S, AYoELE, i MEFELOEEEZER S
+tTHBOTEETHS.
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IVIVERIUETY > I, Stauria favosa \[Z A H N5
O F RS & BEIEEET
ZEAE - LEE— (KIRTTA - #)

Stauria favosa (X, BN 7% TRiE5E] 2R3 OV IVROEEKUGY > I THSE. K44~
T3, 44‘@)?[‘?1’5*75 e m TR A L, BB TH30EiiEl]l 2K 5. REEEIC
i, AR, HIR, VI ENLDORARMIREDOOLNS. 4, TFF U FEOT Ty
D HELHWIKOIKRIEE S RY Stauria O T, TRIFERR] L @E o s 8%
% HREARC ( $H1Hj3f ) RN FROOE - WK OFEIZIHO ML, il
zo)ﬁglﬂlﬂi’i’nm

W, %J}\@Smund75%’1’]@9@‘5‘5[%, FRETICBEASBERE LTV AR=-RL, &4
DIRBADANR=—RE LTEFDOF 5| &P B, EEEPIZE, $3FERBEEDS, BEAD
FNo EEBRD HEMEE B LRSS, F0k, BAEREDY T2 0 oiil) 121
TIERIFAS NS, ﬂﬁﬁl{'ii@ﬁlﬂﬂﬁfﬁii BRI IZIT & AL EILET, 20%, 54
(ZH B WITBGEICHINT 5. REEROENA LTV, Foh K& 213#E LMK, B0
BAGE 4T ) .

BIRY Y ONOKE W IERTE, #UTRh S, BT ThTICRIERR Y RT
BeahBOoND. FoOBE, SEHOUEHSEFL, NI ZIZMEOE R S, [
AE DSBS 2 5. %U){a‘n TR SR LY LAVl O TR I EE S 1,
FIAHEU (22 &2l) &, MEOBKBERSBAIMICEKET S5 EI2X ) ARl hE
ENha, L) MEHZIMNV, BEEIHEET, SHEOH 2T o TEEPEE S
Nz &b,

AR D Stauria (2B W T, R—KEHT, B & 8 EOBEELE—FIZOIEHERR 2R3 5
EHRDLNDE. WFEREAELC/LEITIE, REEEFSREG ERIREETHDY, 2014
DEEIZEY, HORIKEREICDIE T 5. DIFEHE L REIZ, BRIz, B (2
ik, 3k, 4 18K OREAEIEL S84 ( "W ) PROLNE. —JEDEHET
R XN BIREARO I, AT OB OGS LEILL TWwWa, BIMEKIEHIEST 555, 445
KifH» 0TI, WEARIGBEEOHEZ HE | 2T 200 L) IR TE LR
W, BRI RE R IS A U ANBFE R TOHGDIRT L2, %, BREL 02T,
%n%ﬂh%<@@®Mﬁ«®mﬁmiUE@#K%Eéné.it,@ﬁﬁ%u,&%ﬁ

St EALBEIZ 4 U 9> (Ezaki and Kato, 1989) . 4@z sz “dh3E” &, &
éﬂ BEHRMT—FICHEREPECAZLICIRTSE, LA TZEHMwE D] IZERL
TW5D0b Lk,

AEERE LIRS & EagNE, 1) EESMMOFRRP R, 2) i
HXOLEM, 3) DIFEMHREmEMEME OREF, 4) HEMERNERRB L OMRR %%
AAGHEICEETH 5.
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A pE b A B I O corbiculids DA BEEEIZ DWW T

IRt AS - BIERS (ROTE3EA)

corbiculids D = H &, Corbiculacea & AABERLBIIZHE L 7~NeomiodontidaelZI€ 9 5. B4
BTIEBABIOEABIZAERL, LAETHIRIFIAKROAEERENEZSNTNS,
Corbiculacea & Neomiodontidae T EFEIZZDREBZN. IENEXRICIRHEL TSR END
ARIHEEL TS (GEK 1962) .

corbiculidsid. 2 a FEINPFITHA~FERBRICHR L TUR, BEICESETRIEANIZHOH L
TWw3, £/ ZHENICIE D 2 FRICHEEDArcticidaeMSIREL - EFBRINTNWS, LML, &
BREMBABICEABICHEZNTOZIZHMMHS T, EOXIITNMEEILAL-DOMN,
BELRAZMBIIEZIIHZONEND U DNTIL, FLLEFREINT I aho7=,

CorbiculidaelZ %6 THIBL L /zNeomiodontidaeld. ¥ a F&F MM S gl p fichir Tt
ROTHEHTEIN, KBTI 20N SZET 2D T, corbiculids DL ZE%T 5 L Tif
LTWAB(EEK, 1962) . 2o I&AIHORREEERSERNBED S EHT Bcorbiculids D4 RIEREE
WBBEIEWSHEEE S X, FHBERD S EHT 28 /KEDcorbiculids & 134 BURBIN 72 5 S
WL TWSB PRI, 1957) . Bt Dcorbiculids @ Crenotrapezium kurumense., Eomiodon
lunulatus. E. vulgarisid. F®#%. Hayami (1958) 12k D i DArcticidaciZ & EN 3 EMIRE
Nz, BfEIENeomiodontidac & XT3 (Hayami, 1975) . Neomiodontidae @4 BB EEIL
JEMfEEINTNS K 1962, K. 1981)H. 2 2 T I DONeomiodontidae D4 BRI
TR THS.

FHESIL. INETIZC 2P NS AT O FERBEM S PENT Bl E AR %
WL TETWS (WNIED 1999, I - . 1999) . F T MEHEENRIICKD, #
BEPEERNEREN SN T Beorbiculids DERBRBEEHME L, ZOIFMIMNAEEZER L. £
7=. corbiculids DE RN EOMEEEZERT AL OMERERE L, TNOOHKE. LTOX
SHizkERmNE o N/,

D R HBEHREEER) M BEDcorbiculids (3. UE UIEHB AR Z SO BIBROMEIRERT. Lol
BHEICE TN Scorbiculids D HBIEIAKRIZ L > T—HRNIEBR I N/ EMRNTE R R/ ENED
SNA5DT. SN THEMERESUETEENE . LEA-T, Jas&nilflo
Neomiodontidae D& fliid. HAKBRIZEBL TWEEEZEN 5,

@ B4 D Corbicula japonica® & & - 7= EZBR DR, corbiculids DKM ITIL. BHRBREIC
FEHMZEBDINENBIHNbONH, ZOTENS. JUEITITBNDE N BEO—EITHEDE
EMBHBEHEZ LN, FAKBADER IR »T-EHEIN 5B,

@ corbiculids DA, EEMDESDEIHEVINRICE > T, LD ENITREL AR
EZ25N03, L. MK (1962) dcorbiculids DREFEIZZ T TH S D EVWIMRRE LTS,
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RBABHOARZAMBNEI SEH Ui R B Choristites L X588 B Schwagerina
MRE— - BERNERIT (HFBK-#H) - FHEL (EHX - B

REARBHHRTHLBOAGRERBINIE LY. BRI Choristites sp. & #i $ B Schwagerina sp.
HRERBIh MEABTOXRM-HRWEHBB IS4G TImBRINE (BR - BR, 1957) I8
HEKE BKEADEE2EHAREL, HE, AREDHBLX 3 ICERBRPMHAERETDH 5.
THORKEMOENTIMBARLKI (late Visean) OFAH - WHY T - J=7 %
A4 - =Zd (BR - BR, 1957, BHRITIN. 1962;1go. 1964; (LM - (1% 1981: Kobayashi and
Hamada, 1987) i2& 0, T#AKZF (upper Visean) WHEET A ELEIMHONMTH 7. T/
BE, BRESHGEOBUBKELITRBKEADE» SR MARKL O & B Quasifusulina sp.
& Wi BB $R Karavankina sp W& I (AR - &/, 1994) . EHARZOEFEEVERZ I
. LU, PHARLEDOILERIR DD ->TH57, THAEAREFRLE~LBARZINZE A
STHHETEIONEIDIIAHTH - 2.

COBEHET LB ER Choristites spid. EHMVARABHOMKE (HMF24) ICBH T 5 MR
NEBPHOBIKABRERESA>OoBFELLLDLOT, ARVPEELL. EXTEHROANE 1R
N1EETHS. ZE29mm. HIEH 35S mm. BEHERABIZHETT 2 EOEIK (dental plate)
NWHFET H I ED S, Choristites Fischer de Waldheim, 1825 D | THA I L WEHEETH S
UL, ZBONBERBEEDEHIREFINTE T, BORERXEHETHS. J Tt
Y & Z F Choristites sp.& U T K. Choristites DV v V3T GRS (late Visean) ~ i i
NIV LfE (Asselian) THHD, TOHBL WP HAKRFKE (Moscovian) DS ET S, % 5
HREBEE Choristites TP MARKDODETHSEEZEZ 5N 5.

% 8 B Schwagerinasp i, HRPBEELILKOFHANZK (HMF20) B H T % mH
Mgk LA EORKE~KEAKEEELEL L TETENATOHWI0E2REL. ERIIINE
FELUl. $@EBOBRIEABEE~EMNEET, GBIV EL>TWHE. BE 7~8mm, &
i 2mmE. NILHE (B 0.1 mm) 2FD. EE (spirotheca) SMEBE (tectum) LB H
J& (keriotheca) "5 5. AMOEEIEICE TS, BE (septa) FHEEMIEICEH W
THECAEAMLTHEY, FEMETEWLIOHMERT. 32 —% (chomata) DRFIFR
. UEOZEDOHRBEOERIIFEIHRM Schwagerina T, 35 HEBTH 3 & HM
Ihb. T I Tid Schwagerinasp.& L TH . FHREE Schwagerina sp.i¥. Thompson (1948)
ALK A 3 XD lower Wolfcampian  (upper Kasimovian~Gzhelian it Eh3) HhoB&k L
Schwagerina campa Thompson & Schwagerina longissimoidea Beede)iZd TV 3. FHFHOEARZ S,
campa EWET AL, BEMBEOY A XHKEL, BELE. S longissimoidea BT 5 &, BBLU
HEOY A XP/PEL, FEELPPOHM. §78bb, S campa & S longissimoidea D HIBIEE %<7

UL, #HREHIBOTIRINEHED S P ARLOB R Choristitessp WEHT 52 Eh o, BIFEOER
EEADbET, mBIEMTARE (late Visean) ~EPARICOZBEMRBETH 2 Z ENH ST -
1o, Fi:, BPARLERTHiSER Schwagerina sp DBEXDBIMENT:.
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BIOGEOGRAPHICAL CHARACTERISTICS OF THE
ORDOVICIAN CEPHALOPODS FROM KOREA

Cheolsoo Yun (Department of Earth Science. Teachers College. Kyungpook National University, Tuegu, Korea)

The Cambro-Ordovician Joseon Supergroup is swidely distrivuted in Hangweondo, Scuth

Korea. The Ordovician interval of the supergroup is rich in cephalopod fossils. It is divided into
the Maggol, Jigunsan. and Duwibong Formations. The Ordovician fauna from Korea shows the
strongest affinities with that from North China. Of 34 genera recognized in the Korean
Ordovician formations. 24 genera are also krown from Nerth China. Broadly speaking, the
Korean cephalopod fauna is also closely related to those of Balto-Scandinavia. North America,
Manchuria. and Siberian Platform.
The cephalopod fauna of the Maggol Formation shows the strongest affinity with that of South
Manchuria in having such common genera and species as Polydesmia, Manchuroceras,
‘Wutinoceras robustum, and Kogenoceras nanpiacense. In addition, three species, W, robustum.
M. nakamense. and K. nanpiaoense in the Maggol fauna are known from the Lower Setul
Limestone in Thailand and Malaysia.

The Jigunsan cephalopod fauna characterized by orthoceroids and endoceroids is entirely
different from that of Manchuria which comprises many actinoceroids. This fauna shows an
affinity with those of North China and the Balto-Scandinavia region. The Hawngho fauna in
North China shares 13 common genera with this fauna. Especially. the common occurrence of
Kotoceras, Centroonoceras, Leptoplatophrenoceras, Stereoplasmoceras. and Wennnanoceras
indigious to both regions strongly supports the biological affinities between them. The Middle
Ordovician cephalopod faunas of the Oslo region. Norway and the Baltic Sea comprise many
lituitids and some Sactorthoceras and Stereoplasmoceras in which 11 genera are common with
the Jigunsan fauna. The Duwibong cephaiopod fauna characterized by actinoceroids has the
strongest affinity with that of South Manchuria. based on the common occurrence of
Armenoceras, Ormoceras, Hoeloceras, and Selkirkoceras. Previous works in the Arcto-America
region suggest North America to be the mecca of actinocroid cephalopods. The ‘Arcto-America
fauna migrated and extended to East Asia through the Siberian Epicontinental Scaways. The
seven genera of actinoceroids and Tofangoceras in the Duwibong fauna are also reported in
Siberian Platform. Consequently, the Duwibong cephalopod fauna represents Arcto-American

faunal elements.
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#HEWERERERE (CIILILR) DRIKERICHONDIHMEYE
JIATER (BEEBEKR) - BBEH (RRKX - #BEXL) - IEF— (KIRHX - #8)

SMEOHMETHELICOHTTI2RKEIL, BERIWBTIEIENLILILE (Wenlockian % B~
Ludolovian #iHR) DILRZEETH L TEHLSLUHONS. CORIKEIL, HELBHEARLLTE
FEXaENT, AEBEXERIIFOIILILR GEEWL G2-G3 B 4 &) PERILAFEEILEFD LI
F URBRE) Lxdtkchd (A, 1997) . SE, FABROHERIL—F (BAKR) L9HT3E
REHDWBE FENICHAXRZER, BEYMHE (—BEKER) PEHEESh, TO—BILEDOR K
(CESLAEZENBSREEINS,

SIIERIERDEL< (X, KRB LBBOBMRIRE TIRET IRIREMENSET S, KikY T4
(Halysitids, Favositids, Heliolitids 7% &) PREILEIENEBETH Y, ICHMY T4, B3, =Fh,
PR HERAENZ<HFOND., BEVMHIERLELEGOFEICHHLST, S<ORKEEDORIC 5
DOICEENTHEY, BICBEROBBECEREIOREICZ< AoN5S., BIZABOMEMEIL. BbHIC
LIR#E (calcimicrobes) @ Rothpletzella X Wetheredella? & L UZERIKMEND Girvanella 4
CRBIKT/NOTUT2THY, ChOoDEBBEILR?LREEZH S TERBERLAENSY L T4 - B
FLEBAE - BHREE (Chaetetids?) - {IEMGEDBROBEZRYBATNS, BBEBRBROBICIZTRE
DU ORI OS54 b (20.2-05 mm) TEMD(F 5N 3 Renalcis EL< A 65N, LWNERTIE
B DIRRE L >TEEL TS, Renalcis DRI, EBMELTHEBICEENTWS, &5(C,
Rothpletzella 76 E DBE MDD EE(Z, KEBRDOLVLBEVWERE~RO4 FEBKXRSE (grain-
/packstone) DRICHEZELS HAON, B (R 5em K) BIRTHEYHEMLSEAINA A UYL K
(bindstone/framestone) bR EIND. — 4, FHABTHEOLEKREBRCAHEREWEOP(CITAER
& LT Ortonella *° Renalcis I3 EMEENDELEDHIC. Girvanella ZEAEA A4 KHZ< B 5N
3.

FHROELRESULEKEIL, THEBO—HM2R<E BEOKEHMHAECBELIRAICEL>TE
MLERLASROKETHY, RUBMEDERREAXTIILL, LHL., Y J8EeBEIL R, Fo®
MHESKENSAT, AREBELGBEABEEDDEELLTIVEEHTEINS., FNSICHESHLEY
(L, LROEKRISAKT, BREEETHRENERLTENY THL., —BIIRELEOHDHIL
TWERTEEMA T, BIHRGREMEEZ D> HAEYREL, BHIELEFOUILILRDNINBL K B
THITIZZ<RHENTN S,

SEAEREZBCEMEDRRICIE, REDEREVDORE - RECE2DOBABEYICLIRR - &4
AT, MEVRICLDMBBELECEAY MEAPKE<BSLTWS I EPRAERSRBEINTE
= (Bx1E, Webb,1996) . ChET. BERISEDUIIVIIEABIRETIE, KikY > d%, BILE%E M
MY R EEFTE LEEYMBEOBIBICL > TBRINIEMENS—BRNCETINTE D, L
BDLD ICHAEYESRE ERTHEEDIC. —WEEEARBBEDHDE LTSNS 5
B5IEMS, SEREINSEZBICANIEEMEOREHES LENH D, /=, BERDOUILIVILEYIE
(X, HIHEBNICATREKREROVIBICHDIIENS. Sk TOBEEYBHECAIMEEZASMHICLT,
HAZHOBRBRKOEYMELIRFFL THDIIEHEETHS D,
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BB LP=ZBRICB T HRRHE T MO WR R R

—Ho<H (K - K#he) - BH 8 (BK - BFH) - &l %
(NTRLPZF7I 2T ) ) - BEEE (EK - BH)

BFHERLUVZERIIBULIEXFE TR ERIT. RAHILH OF FhsIC FE BRI
1981, /MR - T 1996)A%, ZEIRFEREEGIZRERR(LERSBENTNAAL THD.,
TSR I BREGRBIIHLEIN TV, SEIIFEEHE L REERMSERT
THREEETNENREL. TS OFMIBRR Z2fT2/o0 T, TOBRIIDVTHRET .

FFE - AR IRNRSEREEIIHEICAA L. RXHILTFEREES (—HICkB) T8
DUMEL - THE1996), T, BT LSRR AIIBEBITIIBEOLOMBELTHY. R
FM72FEIZIX Protocardia ibukii. Costcyrena ohnishii, C. otsukai obsoleta, Tetoria sanchuensis 73 & 13
H%, TORTORIT P ibukii DFEHD% <. TERM LS N TOLNE QW) RERGIE RO
IUsP D BB S ZPET D Havamina naumanni DFEBIIFTH S, P ibukii L, EHRLANE#
O KMEBRIC L BSNNakazawa and Murata 1966). WEOENBRENB X TEDE
HAREINTWHER.1987. BR.1993), —F H naumanni 3. LM - MES X OERERFO
HABALBNSENT 0. KIEMBICIZEBORENZNENR.1993). Lo THEEIT.
MEOEAEEHILOKMERHA S ENTNENT2ZHACA 7 + —FBRELTWD Z
EMB SN Tz,

EEHLETIE OB ERETITLRREABENERIINESIOMEERE E TER.1997)
EEZoNTOWEN, ESRXHEAIMNRTIFERXITHMT DI ENASMIR L.

MR - FEFEEZERFELGOBRGHESS CGREIE) (22T 5 TlE R0k
WBHEF T H D ORIFN.1999). TN SN SFEH LIALARIRICE D W THEO M8 @ REEH
WXL I N TR 1957). AWM. ARQIDICKUTERBERICH LIh TN S,
UL L. SERELUZRAKEZKELBIE. Eomiodon matsumotoi. Aguilerella nagatoensis.
Hayamina carinata. Tetoria yoshimoensis I8 ETH Y. T o O LA EEBRIIUEO R EBEE
BATE, FREROPAMBEINORKE. KSROBEEBILME. LOROBAFMRBEREO D
O ESBENE LY, IO ICHMERBICIINS ORBIKHMNWLEE GO 7 )L 21— XEE M
AT D UREDIENS. MR S MEH TORKETRRE BER. fkxltanT
WEHHOBYRTEIR NS X7 O-F—TIET CORBHEIMRTHL &
AL RS0 N A A S Y AN

Lower Cretaceous Bivalve Fauna of Chichibu Belt,
Shizuoka and Mie Prefectures
Megumi Ichise. Hitoshi Tanaka (Kumamoto Univ.). Tsutomu Takahashi
(Yachivo Engineering Co..Ltd.) and Takami Mivamoto (Hiroshima Univ)
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Jp@aits, PIEDLSadER
AHEBEPOBRNEIDELULCEARICGESE

GREE - EBSEE (P)IIETHE T &HEE)
RS8R (AEXK - Bz - HIKIRER)

BBERBBOREBICK VAMAHBODBKIEZECHITIHIMDIEEZEREMDHERINT
BESIN, ZORBRBRRCHITDERROBEELEBERENEIESN TS, FE, PpERY
[FOMBHSEILEEREMDIRS (BITIFD,199673L) EFSNTLND.

EEILEBOD) N ETHEICDH T D LB ROXBRBICIL, BANICHEREDEENZ
NTLVD BXRIFN1967) . 88, COSELNSYODIH1EEUHETRILPREREEE
SOEBNEREENZ (BBIEN,1999) . I, ZTOBMSHEEEIERICKOERENEZEC
& GRWIIN,1999) HEESHNTIRD, FBEDZEKIAICEDSNDEMBERICHESBILIC K
DERESNETEHNDD. Bl KBBEOCUESHKICRFRIFOBAREZELHELT,
ZLOMILBDEEDBEBESNE. Z2CTSOH. GBMEEZOBBORERECETINDIBF
RICEBREDOLLBEETL), COBMSDOHEREDZOMPHNEREEICDVTRITUE.

D)1 HMBEEDOBS BREFLRIZ, Takayanagi (1960) [CKDFEIBEHRNZEN, TE~L
EMREBREC DOV TEEBDORESNTULND. UHL, D)Itgo £ EERREBEHCDUVTIE,
KEBD Li1E&E FRIOBEET Silicosigmoilina BEEX ET AR ESEEARDSRIMENRS
ENTUVBDEDD, KBBBAHEDGRIIEZNTULVERL). F2, Z0%ICPIERHIgD L 5i%s
BEIC DV THIRBEERSLIE Yasuda (1986) EARHBICIEERL TULVEL).

EHE TIILERDOAY DI F 1BHS Silicosigmoilina BN BSBER>TEHEIBCEE
BRUED, AIBONSEOREEMSHS IIBRONEREDMILEEEEICENEE R
RPEHNBERLUTDEL, ZNEERIICEBREDSIVEMEEREKDERZHEIDIEOMES
ARILEEBSICREIDIBNTEEZ. CORKIXHBENEXRE ABECHIEDINERE
ELEBUT, ZO2EM - ERBEBEESICEINNCLEEND->TIND. EEEAROBSEE
L TI3 Gyroidina |8, Dentalina [8, ME#EE U T3 Bulimina BI3EDBREEFARDHITS
nad.

{ELR2EREMBEERICHSIEEBFROARKT. LB (1996) OMITIED (1996) &, BiFEK
BMICERTDINITTUPHBARCHETICEICKD, BINTEBETTCEFIMHBARY
HFRUDBTEEHALTND. KBBERSICHNTE, Dentalina BIxEDHRIMBFLRE
EEBICIC Gyroidina Bl EOWFIMB ARV EL T T EICDNTIE, HEMBOBMEICKD
{EEEBRHENTEREIN DI DT HINRET CIHFIMBFARLEL UTUVETEMLEZ S
Nd KHBTGHREDILRSKESROER (EBIEN,1999) EEZHHEDE, EHITDIEF
RICEHEEDT, BEKEEDONDFIPHERTILOIBIBET THEAESNZEHATES.
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EERIEBERNETO LB ERIVERLL
LE2ER_ ARSI UVHEH T IREBHMBEE

EEEH (P)IIHELRHE) - BMEE (UBEHFEXERRK) - B#KE— @EEBHEX) -
arraE ()IRTELREEE)

AEBACHEE BT 2 HHR O LT BRI E ORIR GRYVEIE T hIcEE I NS
HIRINE, EFARBABEF 2 —TI—MMEADMH, I SITHIRG OB B KOG
ZRRED SE 2RO AERBICBITANT T T DR Y UL E MR TERICK
D RIS TRRE N FVEIRBSRE TH D Z &I ohiciaorz GEENED, 1999 ; Rulidsh,
1999) .

AWEERT, Fa—T7—MMEA O T KA1 K A ERFIRGIRPTA AT K E N
5. WIKEABEBTIIMR - IRKD LB Fa2—-TI—LEKEELTHRELE “FAZ-"
BROE I ho@Mg FBADOKINRDEND. Fa—TI7—LMEfildbo EHHHEL
T35 TIE100cm® 1112 300fEALL L2538 5508, AEBPMLa I T ENRW. —7,
R e B A IR I, ARy MRIZEMeg AN onsd. ZoHHM 51T,
Calyptogena sp., Nipponothracia cf. ponbetsensis, Milthasp., XU Thyasirasp.72 & D1t
FORTHABENENTS. TRHBREITAXTERTELL, BittttoAAmMEREZRL TH
LHEHEINDS. NSO KBEGRKIIUNENRT S UVOMREFEIN T SEDH 20, £
BT HRAIEL TWa. BIREAIEAREPIE, OARy MRica2ry—ra
LSS T L. —REEROIKETRAH, QAIAEDILRZEZR AN L 2 AR 5N 5.
NS DA SIINIREBYL AR ENL > XIR~MRICEEL TERTS. HoE%
WDITFERELecmEA T (ZH<IE5mm fR)E) O FIXAMBIIBTEEEX5N25EHTH
D, KIGERR3MmM FED AT HABTHD. EBIGRIINUTHATH B0, SMEPEMiK
HiBLNEEDYEGY - MBI LX< RAEINT NS, FOEFNEFEEITHREED X 0t B

GEESMMBEE) PHREEEEHR, ROV IHA B HHBE TFEENS. ERBLY
RFDORUEDN S, INSIMEFEGRAEM LSRR L T LI N5,

AR XTI LR AE R KE PO AR ERD S EILT 2L BB E HiPEd 2 )k
A DOVTRHML, INETEHHINTWS LIRS, FEZ%R BIXREEDOHD
EDOWRETOTETH S
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BEREREFEOPHRIFIRIKEHABRESLVEHLEAX RSB
(FEEE 1 A7 7K OFRELEZOREMMIPENES

HEBEN (BREHEBXFE-HE)

BANHE=KEEN 77 7H Il BETEIA - SV TEIDERICOAEB L TWIEZOEHBE
WH5. HEbFHEEY> SHEEHHEOEF 7 7 7 F» 5 1E Aturia coxi X Cypraea (Zoila) DL
(Ozawa and Tomida, 1996;: Tomida, 1996) W& V), HEAEHtH » SHTHAEHMOENNZ 7 9 F-H 5
Austroharpa D3RS (IVE 1999) »H Y. ZOLEYHIEENERHI ZRINTVS. SHEGEh %
HIOEX T 7o+ 5, AUKRTE Lyria (Lyria) DR THF—X b F ) PREBIZHHORL % & DIERICLE
MUE-—FEERRLAOTHET S.

BEREEETERRWOMBHERADBRICFLTIEXBHEXNBREDN 1 B L) Lyria (Lyria)n. sp.

(FREB : A7 7KSH) OEXEHRELL. COEMOEHIEELHAN~PMET. BEILES LU
PREEREEC / Va—- D ZRENTVD. COLAERBEZSCRBRE L, FEMEARIEEL
EpShifichHttFMOELH»EESNTVS (FLE, 1992) . RUEHLY), KEOMIC Umbonium
(Suchium) sp., Cerithidea (Cerithideopsilla) cingulata, Vicaryella sirakii, Naticarius sp., Reticunassa
sp.. Zeuxis sp., Crassostrea gigas, Cycladicama cumingii, Sunetta sp., Clementia papyracea,
Phacosoma suketoensis, Meretrix meretrix, Solen exiguus, Anisocorbula sp., Laternula sp. "EH L 7-.
CDILRBEE L, Umbonium (Suchium)sp. & U Meretrix meretrix " ZE$ 32 & &, Cerithidea
(Cerithideopsilla) cingulata X° Crassostrea gigas & £ D # EEEZNI BN OERERTIELE Y
5, RBELBOME~MERRIBCTCHECHEENOEFENRNAATHREINABETHIEVVRS.

WRE SN/ Lyria (Lyria)n. sp A2 218K T. D EDEBREN R TV EIRRRIERTH ~71=0, ZRBVED
BROO—WHAENTVWIHDODIIZIEIERIERTH /. TOERBLUTOLS GO . B3N E (B
£11.5mm, #HE6.4mm) . KVWHHEH TEERE. 2B 7B T. BBRIEITE. BEIXMOSHE TS (188
SHTHY . EBRIBOABLELHO TKELEST. BFRICQ20KDEMI H 30, hEBICHVTE NG
B kY, REODASD IV EEZXIRREBEETIERTS. —F. FEBAESBTERRERLIPBOELELY),
W EXETHCETENELEET S, MOB=ZBAMWT. HEERDIEMULABANEC LY, %i¥%308
S5HTHD. HEANCEHEBELBREO SN EVHND, bFrLREOMONHZ. AEDEBI LS THE
RN TE, BMBEODSL-TADDEVEN TES. KEBBRETEL DL -THEANEATS.

SRMETIIERSE ERABOFHES S UHHKSVBESNTE S Lyria BO 438 (Lyria hanzawai,
Lyria hirugaensis, Lyria mizuhonica, Lyria rex) $ & UBRERBXBATERBL TV WL DH D& (Lyria
cassidula, Lyria pallidula, Lyria planicostata ) &6, ZTORBBALBREL L SABICEKA I NS, KIE
AREEMEILUTOIEBHIBEO(EREE L TE, A—X ) T7OLEBIFHHE, SHFHEIIBESA T
% Lyria gemmata & Lyria gracilicostata " ® V), REBE L TREA - MSUT7HLVZ2 -2 -5 K
WMEL EICEENWHS NS Lyria nucleus, Lyria deliciosa. % U Tlyria mitraeformis &5 3. L
PLENOERERE, ZhovwThEbRBICSTIRRBELUDEVWPHEBSSIUBBOREEEN BN WE
ENSERNTEDINT, FHELHEEIND. LyriaBRF - S ) T TREHIHELLIEDOMEBH, S5 F DE
HAMS N TW3D, FKIEREEAFAED Lyra BOG P THRVERRBE LY, ZOEROKILDMEBS
WIKDOBHFORMEFREERTILTERTH S.

BADOHE=ZBEML 7 7 VFDOEX, EF, ZLTHINZ 70 FHIHVWT. BEREREIDEVWEN SN
SOBXEDILAEHRIRE, PHPHEEE, FHPMERI, 2 LU THHEBRBEBOICS L AFEEIRA
FRBMEBOEEBSTEOEAEHBRRIH LI EERT. ZLTIhSOEER, 12 K—BAF$
BICH 2 RBEBMBOTERIELERTIRICEELEHMERMHAT 3.
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LR T + v B O F OB HRME LB LV - ENRRNETHRIVET D
BB aiEHBERK

REMG SR KRR - EREX - NEEAE
(BEERFXZREFMAIKRETS)

LER 7 A v U< T MO HHEME D S (SMEM B SR I N SRAEHPLARMAELT S, FITEBKE
DM SR S N2 ME R B R & B0 R ORAE A RIET S 2 ETHREDIT o, fifFit~
FHICHABH R TERLREZ—HEFHVHOUMR EALFH TT 5N TS (Ogasawara, 1986). Hi B4y
BOBREVOKRE—TEFHMENOLEBO R ERIIB DA AMOMHTEMHNOBNERINSBETHY.
FOIKNER ST EHMERBOLEHZHOMITEHIELRBELTHS. MEWMBENERL U A RO L 1
FAMRICDNTIE, Ogasawara (1994) IZ& > THRHIBH LHEESNTNEHOD. ILEE7 4 v o< 7 F 8D
MEMDBIIZ DWW TR 2 LB B TR SN HEOBBRIZHES L THWlERBEA T HIER TN TES T,
R L TOMEDT ZiEHT 2 L TOIIHOEEGATRENTVLRWIRKIZH 5. M LK
AR AT AT R OENZESIZE D BIUE T, S B3I RERIFSRAESMEAZEEIZELL. $4Ma
LIBDILR 7 + v U< 7 S TOHRE - HQREHZELERL TWD. TITHESIE KEFE LAKANEFRE
MR THEREZTV. HSHECRESIEAEREOLIEM S LEOMERERE - Stz HEL. &K &
AR BT AR EEMED S N RREHEE L.

MG B KO TR S oER R E THHB LKL OEEZRIZTS. WRIZHBH
TE15D)— b THREZAERL, 2SS K DREEMIEEEZREL 2. TIRKARED FLORMETIIRR
ZBOWTIEA R RO ) MW AENERTH Y, Patinopecten yamasakii¥f . Glvcymeris yessoensis
yamasakiifif e (@I G MR~ LSRG ISIK) | Panopea japonica - Mya japonica 88%. Callista brevisiphonata
PR (Wi~ L ar i) Mg ohsd. —7%, ARIIBOLTIERIK IV MABNERLELILD . Tridonia
alaskensis BE8E, Buccinum sinanoense BE#:, Panomya sp. A BE3. Conchocele bisecta BE$E CF AT LAVRTRIK)
MRHEND. TIEREBEID LMickds, BRIIBLUTIEBKOLIWINERBEMIEBERNTARELLO,
Crassostrea gigas $#%. Mya arenaria oonogai - Macoma incongrua BE5E (BiRITIRIK) ZMETHWHE I MEF%E
HETS. —4, IERIZBWTIBWE I M~ MM S BN REL . Mya cuneiformis BEE.
Buccinum sinanoense {¥3%#. Panomya sp. A $HE (LERRMBHTRIE~ TRl RE) Mo ohs. BLEED.
YFDOHER AT | REKE S D e & 531G i D FEE T DAL AU B WS iB A & T )L & Ol PO @Al
RIEDILASMEIIE L IEZBA O NS,

KICHEBBREN K E S BT BTIRIK AR OMEZEEIZ, ENENOHERIICIIT 5 W0E B % 4 Bk
ANCHEE U7, TIBEKARE D FOLORRUNIZIE. Lottia cassis (W A HEIK) . Nurtallia commonda (L
RN PRI~ N SRR RIK) . Megacrenella columbiana 3 & WTridonta alaskensis (i g AR IK)
&, WIBIREEEIRD S TR URREICESD 2 TOKEIBOLWTERZERNESRTH D, YO L #EE
LEBIIBEOILHAEMIRS U <IEZFEMT OMIRTICMETE S, —4, Nemocardium samarangae 73 £ DBIE
FBEAGUMICERT L5 LBAERHHED S NDM,. Solen grandis DT NT IN S OMFEEHITPHHN S A
MBITILFHRBRNH D, BROBAIZ S THITBAL TEALAERE LS XD IEIARMBHFRICEEL Tz
REME B HD. 723, Solen grandis I ZRFOTWANZMN > T T # v SV FHBIZRALTELEE I 5N SDMN,
KRR MOBEENHET 2 BEICHRIRNIZEDSNDITTE RN, BB TIERKABID LZoHEIZ DN
T, @ TH~ TR ORI P& ERRZREN S D, KREL TRBKBDOZE FiZh 72
ENREENS.

CDEDIBFLVWEAFHE-FERZHEOENMOL LMY LEOBMEEOKKRIT, BICHAMIIZE
B U S N SEATEEN S8 D TMO LT HEIREEO B DR & I3 TH S, Amano and
Karasawa (1986) iz &kud. HEM IR KEEdREH SN S BAL TELHOMAN#REEINTS
D, ZOYBIEEIIME S (dMa Lhiil) THSD. —Ji. 3IMa4FOHARICIEROTAL LRH -7 2
EMHIONTNDHN (BIATRKMELO KEEFE &L, 1969f) . BERROEEEEZEMITZIR0WEROKR
ZHHI T+ v T FHHE T, KAEL THKRDEETIIH > EMLABEEN S REN 5.

125



AARNGEYFER2 0 0 0SEFELRTRE BAFI 104 200041 H

LEER)ItmEDE/ v -7 VBT U EFM b RE
B 58 (SHMIIEYR) - BH FE GLEE)IEH)IET)

FEEO—A (BH) [CKYPIHBOPMBEREBEHt/ v =7 U BLUT7HY bS5 XH,
VUUFRELZEEBEMLEICENGZT A FOZEFEESH, PIETELEEEEICHR
Ehie. ThoBI3—Ounho77VADTFARAMEDOE/ 27 VBETHORLEH~t
JRZTUVBEFRICHIITERTIELEEIZOON, BENMICIIE/ =7 BEIED
TEHTHASEEZADOND. —AT, tBEHS WV IIEKXKFFMRITHEOEHIENTS
Y, HCHRKIETRALSIADDODO=EHEBEO=ZHKEIIb (/=27 KT :
Mantelliceras japonicum &) D7 &+ A FEELOBELUNSRDOOLNS. £/, it
BICHEWNT Parajaubertella kawakitana Matsumoto, Gabbioceras mikasaense
Shigeta, Eogunnarites pentagonus Matsumoto and Takahashi D& B L > 2(E, WX
T/ RZT7UBRPEICIEEL TGN D, SEtE/ 7 UOBPBETEREIND &
biETENS. F, HENCE/ 7 UoRFEICBENEIATNS Sciponoceras
baculoides (Mantelle)[I=BEBTII /=27 B TEHLY FOEESHMOSN TIN5,
BHRICEFDERBL DRt/ =27 UBEPHBICETRI ENDMo /.

SERESNEL /227 U BPEOBEEL, WHICHERGZTH M S RBEEA/ €5
LAREER &, =ZEHiED Mantelliceras japonicus D7 EFH A4 FEELIFIZRAC
HEBREAL-TNS. BERTAEHICOVWTRSE, ZHBOBAIROEN_HKEYE
BZZEH, PRRIMEFADORNAALESDDEEZ SN, SERELAMIRTIREEE
ELEBORDONDIMRMER LIRS, — D/ Pa— IV TEIREFTEHEKRHPHSN
5. EXPD Inoceramus ginterensis IERTLH>MUYERALTHY, (ZFZBEMNLE
KTH5.

EBETR<HSONT NS Turrilites costatus DOFICIEI—OYNRT 7V HEED
T/ R=TURTHROLE~t/ 27 VRERCENTERCELL, MICHBOHS
Turrlites scheuczerianus WEENTWSZ EMbh o/, E£P)IMIBDERTS,
FEICI/NAVHETIOAINBEHLNS.

SEOBEIL/ 2T U TEHEOXBESEL, EBEICEITZE/ =7 K TER
MDOPEBANDILABFEEAS L TEEREHTHS.

Cenomanian ammonites from Nakagawa, Hokkaido, Japan.
Hiroshi Hayakawa(Mikasa City Museum), Takanobu Nishino(Nakagawa, Hokkaido)
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Y ABCHETIREBERA NV ST IDERE
e REE (RRA¥LARREYR) - BHES GHUKEXSR)

RESENEICEELZBRERBLANSEZTIEENARIHELFEIN T
5, REBYICIIOBME LBFRAHEMRERZIDOLOMNDERSEND, BRHREL
HETHIREBR VAL, ZHREFTRIITIQAHAME - A7 HAHEEDOKS.
BRETREIA AT LMASHTIVAL,

A 77494 = Caledoniella montrouzieri (Souverbie, 1869)l3=a2—AL K=
TERAEMNE U TREREN. BATEISNESDOE(EA, 1941; AN, 1979) -
WINRBEGERR, 1943, 1944) - ERBRGREI(GRT, 1977)0RFICBDOE. K£F
¥ELBEICAMTHIEINT IV, ECANTFEERUBTH>ABKATICLYE
BREEIN, BLR¥ECHIEFELTWSIENHBELE, F2C. REQOLEEAE
BLEEZA, UTOLSBEEMESHICH D,

(1) BEROEFE TR 7P YyARHOT7 AL v OFE TEHEEINTVE
B, FERBWFTTRIO = v a8D M A ER Y 2 E L + 3 Chorisquilla spinosissima
(Pfeffer, 1888)ICfAI /L TUV=, (2) 19984 S5, 7, 10 BO 7TRIDEBKIFRET Y
FHRVIES Y2 147 BESREESN. FOOIBED 23 BEICA 2 h T2 94 I Hift
ELTW:, ) BESNAE M ARYIEL v IDOMIIEIELER : #=2:1 T
Hol, EDILE, AVHIDIIFIMAFREL TV M FRVIAIES +ODHLEE
:=21:2 THY. BICHBTIHEENERMICB N, (4) 12HhD2953F
1RBEDRTARYIES v O 1 BETOAETIHBENZ (23751 7
B, 7=rZ0. 1@ (4680, 3@4E (14, 48 (14) BEETIHHLESHh
fz. (5) HOBEFIWOBGERLY BEINETHS, Lo T. HEROATESEHEX
SNBM. TORBEBRITELR N/, (6) H#IIFE 2~ 3SROMITIRFE, (3
FBA~5SEERMAICERNICHELTEY . FBUBASENCANBDS Z &30,
(7) AN 9 I IRBTHBICABELTNSL, BEMNICIERICEEBRHT
SELARETH D, 2L, BB TTIISHH - ERHOOSWRE LABAKIE N ARY
Ay IICHBRSI N, (8) AEFROHRBTIENOAERICBHOLESHFIIR SN
MWolee AHAIDVYYIORER M ARVIAES v aAMBERHZHIFTOBRHICHT
bhSAREMMNEZ 5NS, (9) KB 26CHEERMETTIZ1 7TAMIC2 OO
BREBROBICESR (T, BREIPEATETL. AChEREILEBOAY Sy
—NERBICAMET D, ILEROZBEHEIIKE 26°CEKETI 1 ABNR—SALER
BULEXEETFLUE, (10) 412N T7299IBMFARYVIES v OICKELEKT
THREREIBOOSNEWL, (1) BREBOASA AT L9 I0FHIEIEITE AL
7=

LUEDBRNPS. AHD9FZ3RARVIES v OB EDOREICSIRY
CHETHIRBLEFEXNE L DO ESMI SN, £ REOBBIENIEISLL.
BOSKISFRMNEBMICEKFEL TWSAMEERBBASMHICAR>/=. LIL. HELED
iR, MAMBE. hEAKOFEOTE. XETH. HAa#X. MAkvars ey
ADBREICHTIRGEE, BIEOEREICIIEARE L TRBPHDIRKRNKS < BEIN
T3,
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GEOGRAPHIC DISTRIBUTION OF AMMONOID ASSEMBLAGES
INTHE SANTONIAN AGE OF HOKKAIDO, JAPAN

Moriya, Kazuyoshi” and Hirano, Hiromichi® (" Division of Geology. Graduate School of Science and
Engineering. Waseda University: Present address. Geological Institute. Graduate School of Science. University of
Tokyo. * Department of Earth Sciences. School of Education, Waseda University.)

The Upper Cretaceous sequence of the Yezo Supergroup in Hokkaido. Japan yields well-preserved and
taxonomically diversified ammonoid assemblages at various horizons. The Santonian strata in Haboro-Kotanbetsu-
Tappu areas. northwestern Hokkaido consist mainly of bioturbated, fine to coarse mudstone and muddy sandstone. with
frequent intercalation of sandstone (ca. 5-100mm thick). in which bivalves such as Parvamussium sp. and Nanonavis sp.
commonly occur. The litho- and biofacies of the strata suggest outer shelf environments. In the study areas. synchronous
three different time equivalent lithofacies are recognized in the Santonian.

Facies A: Muddy sandstone with trequent intercalation of thin sandstone.

Facies B: Sandy mudstone with less frequent intercalation of thin sandstone.

Facies C: Bioturbated mudstone with rare intercalation of thin sandstone.

Facies A, B and C line up from west to cast respectively. In Santonian age. a source of supply of clastics was
presumably located on the west side of the Late Cretaccous marine basin in northwestern Hokkaido. Thus. we can
detect the east-westward and north-southward geographic changes in the various ammonoid assemblages in association
with changes in the lithofacies.

In contrast to the heteromorph ammonoids which commonly occur in fragmentary condition, almost all
normally coiled ammonoids. except for Hypophylloceras, retain a complete shell even preserving a pair of lateral
lappets or a ventral rostrum. On the other hand. in many fossils of Hypophylloceras. the phragomocone portion is partly
crushed and most of the body chamber portion is often lost. The mode of preservation of most ammonoids excluding
Hypopliylloceras strongly suggests that they were water-logged soon after death without transporting a long distance.

Phyllocerataceae (Phylloceratina) and Tetragonitaceae (Lytoceratina) occur in all of the three lithofacies.
Turrilitaceae (Ancyloceratina) are dominant in Facies A. whereas Desmocerataceae (Ammonitina) are abundant in
Facies C. Baculites sp. and Hyphantoceras sp. both exhibit a facies-linked peculiar mode of occurrence. The former
occurs mainly in Facies B, while the latter is absent in Facies C. Species composition of ammonoid assemblages
gradually changes from west (geographically nearshore) to east (geographically offshore). whereas a north-southwards
change in the composition is not significant among the same lithofacies. In view of the taphonomical features of the
ammonoid assemblages. almost all ammonoids except for Hypophylloceras show  parautochthonous occurrence.
Therefore. it is assumed that Turrilitaccae and Desmocerataceae were distributed mainly in nearshore and offshore

habitats respectively.
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DFEV—N—ICB I RRBRERRE - £REEDLLE -
SiE M EE B FLRGlabratellidae & HIE L T,

TR E®-IE F GEX- 1B

SiE I EEBFLRGlabratelidaelC DWTHZEOBIHZ1T0). DFREBADSRKE LBIREHSH
ICT2CEZBRELTHRETSIZ. RIS, 1) B, 2) BBRR 3) REER 4) 9FF%
RBROADDFETEDZ. T2, B—HEBRAODRFKRFRZPESDICL. SONCELFRABEEE -
TE e - KEREERRUZ
1) HZEEREAR - GlabratelidaeD3MiZ885E (Glabratella patelliformis, Planoglabratella opercularis, P.
nakamura) DRI SR REPEDRREZSEMICKDEREZT o2, BRISIOREIMRESEZEL TEEL,
EFNEBNORERCE(CIHENRITD. GlabratellaldOFLEN VA, ERLDBEHPMEHOSEABICAD >
TRELTUND. —TJ3. Planoglabratellald O FLEBIC BB/ NZZRNRET D. CDINZEERIIP. nakamurai T
BONDTHBADICXIL. P. opercularisTIIEHRDZREEN 513D, P. opercularisTIIMDESETERAMER
DLL(H/OLL), spineMBRICERNRO5ND. HOLLEBXATFETES, BXRBRITSIVMEQTHY. EE
BICERDEEINEILTDENS, KEDEENEEESZITNDITUEMERETD.

2) FIEBEEER  BEsHHULCEERBETUESEEAELCHEZREERL. TERORRBIT
EDXKSIZR.E Necophenotypic THDDNZIRSMNCLIZE. KETIL. KR BOEZZNBNIRHCE
Lz, IR0 TIIFREREOENBDL. chamberHEIMET DEQNHD. KEEZLIBEERTIIAR
SNZERIIBTERZD SIZ. Spine&E i DP. opercularisHh S B A 5EBYIC 4 U T2 gamontiCspineld §IE8 &
Nzl REENDSHBITDE, P opercularisldss~758DEFIETHDEMBIEND. £FEEBLT
agamontldZEE, gamontlIBETHY, REDHAERE T TCECOFEII—TEL TS
3) REEER  En3MEBNTRREREAATREDERELE. T2, HIPNCREIMENS
IFEUCR—ERADORBIURM ZRIIVZ. KBORRIIFSTBDIMEERZBUVC. parféskiCIdiREZR
WCBRUSESN. BRIEDHERRTIRIREDEBAICIT TrarfsKICEBES T, QUREEREEDHMpairZ Rz
RUTIZ. P. opercularisl R 5N.%spine CH/OLLDZER ZF DBEERDRBIRERTIL, spineZiHDBIREIFIZ
ZVMEE, FBREDELMEER EIEL MBIADRI Tpair ZRZ6% UreproductionUTZ.  P. opercularis®DiBR DB T
fettld, RSV EVERRS & (3 pair ERZEK LreproductionUIZHY, & U\t Tldpair 2 ZA UIgLY. B—
BARADZROUREREDNEGRL TEREI D" WIKE OTEMETIETD.

4) DFRIBEPREIRIT : KHROIMAEIC, BERISBDOMENG. pateliformislZ1EINT 2. G. milletti
Angulodiscorbis quadrangularisZ N0 X TR ZTT D12, FRHBEHICIISSU. LSU IDNADIEEESIE AL \7"
BEOETI-TIEAUHEREZSATHY. REEDEE—HTD. T2 EBLFRHAEBRDER/NS—
ET?TITCIJ <. BRISBOREZILORAEZnRET S BRSO ERIREDBERERIFT DIkt 89

RN ERFB, COREIEEBLHNREISRI—-EE—HTS.

Planoglabrate/lal?;,@%lF"ﬂUDﬁMﬁLIEIITSCDIEEEBP'J’éﬁ%b\;" P. opercularisiC(ZVD B3 & E28IGFBY
(typeA BYDMFIELIZ. TypeBIXP. nakamural X8I U TICBHZ D, BIGFRIRBISEP. nakamurail 643 T
HDTEERUIEE. —T3. typeADBIKIStypeBE(SBBRICRR DB ERH. EORT:ECNRDENHD.
TypeADRIEHZE RIS, RERBRICKIDBONIZRABOIVEMEZIIITD. TypeBOIBREIIP.
nakamurailCX¥al T 2EDDRENIC 2 EROPRETH Y, WIPNICITAEDDHBHERTDMRAICKRS
nrz.
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=xEd, illaenid/ ) — T DEEHAEIZ DN T
BRI ARER (RALA - H)

I fEHou& Bergstrom (19972 & 0. ZEHE ST E#lamelipediaRI I N, ZOTN—TOE#O—D &L

T. AERESIIBOWTEERMEDMBRZH DI ENE TSNS, DFED. ABREOEBRILMEHTH
3, ZOEHZERORMEIE. —ARMCEBRESNAHERECEAREFIIEINS. LML ZEHDillaen
dBIZ BT HEBHAEEL. BAORESIZHAONDMAREEFLED ZEMPHEINTNWS, £ THou&kBergst
rom (1997: 10)1E, —BD=ZFERIZBWTIZ2 H L <L 3 Diagmata (BEHT : BEWITRET 2ME % DEER) %
HoTWAlRE BB ELE. SEOBETIE. lacnidBDFE BB ARKILLZOM, E-F0OREKIZK
29 EHRGE E OISEEN LN ERTL . LU FiCillaenidi(Fig. 2)&. & L Tphacopidffi(Fig. 1) DI HF#
/ﬁniaJ:Uﬂm"]FéT‘d‘

7 =L, BEfelabellad BB AHIHAL DL T LA EZ X SN TWA(Fig 1). —HillacnidE D glabellald
ﬁ#@<@5#f%éﬁmgztmm.%m&a%u%ﬁﬁmchLruémgzEmowaxlxmiMmmﬁ
DEFRED, EREFTNUNDONBRIZBOTHIFIOED Z&Mbhns, T, ilaenidBOSEHHBIIZEDL S
BB ELES RN D DDA IM 2 Fg 20 EMIZEMABROBERREBERTRLE, ZOREAS &
hvpostome (I Z M THE > TV AHAEHK) BAIMBT 2HAERNMERICERL TWS ZEhbhbd, ZDZ &
(3. ilaenidfHDSER L S IZ BT BB, FEERVERBIZERLI N/ -OTE LA EHMEINS, TIE &
SHEDERNIIERLEINHEREOEE. XUFhEHETIHAOERED. BEHRHMIIBNTEDLDS
BLDMEATHD, EMKRELT, HLEHEEDHITS.

ST E . SR OB TR R E R %17 S (Sanders, 1963), FO-OIHEIBOTBIEEA, ATEESHITT
3 HNENEZERE HITH. MENEREROEBICLD. HORE., HEBIHEAXRDRERETIEEXLSHQ
5. —Ji. W EE TIEAEESHOATHS.

—RBEYICHEEDOMEIICIE. BEANICABROFRANLETH S, FREMENENLS 2 EBEOHNLMF
BREGHANEODTHS, FhoDH5, HHEMEL | BEO 2 BEAREO/MBIZMAE. ROO 2 fEEHIH%
HICHBETS. NS TAEESZERIHEL THW3. fiRESDOADHE. (TEKEEHOESIIIEMO D LHEITH
LAKEIGEWRETHS, LML, EIEROBIZR S NS LD BAENIES £ BIT MBI, AN
WENRIFEC HHET S, RIZKETE. MlIZET 280K NAENS. Z0O%. HNERNEGEFOE L
(2o T, HEREOEEHMOMENBRT S, ’@@ﬁ@%mmm%tbﬁWémé HAR N o E BhEh o Rt
MHEMT BN, WHOELNEKTS.

illacnid$H T3, ?w(bhf@%%ﬁﬁWE%WEhthjhﬁ#&6WwD KEAROBAMDYINH TS
FhiEHESNHTHB(Fig. 3). ESIZIGHABROHS THRBBEANEL TS,

LLEDREM S, ilaenidIZBWTIE, RERVERZEHBOMIBELL. TSIZIGHARICAET IR
PIHMHAEAL b o TOL RIS E W Z Ehbho Iz,

7<hypostome
NoOFHiE A
hypostome
B
R EEE D
TEE
Fig. 11 Eophacops ® A& Fig. 2: illaenid 3O MHAK (M) Fig. 3: Fig. 2TRU =884z
Campbell(1975)% %1 BT
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BRIEIEIERE” Actinomma” boreale (BAIKRKER) OFRBE & 5]

ARE (RIEKRZEXRZER - #H) 2 - KAHEML (LXK - B - #ERSE)

HABEE L OFAEMTHIRY X RAT 4 (EEHBR) OIS B, Actinomma boreale (Cleve) (3 iiRE IZE
KECABL, BRAKHZFUEEBEZAONATVD. TOEREEIR, /A —U=AEHO T 1 3L K TIEK
R 100m LA (Bjorklund, 1974), HAHETIL 2000m BAR (BRAKIZAY, 1996) THHEEZHLN TS, B
AHIIHE =3 (primus exosphere) DKE SIARBEALHEI HD LV IBELH S (Cortese and Bjorklund,
1997). AFOHBIIV < £ H 0. Ma ETEDDIES (Caulet, 1995) Z&%2Ex DL, BE 0 FEMDIE
BEOEHEZIILDH L LEHRELZHRPREAKAMDHERELMATLIOIIELAFETHD.

LML, 4. boreale & THEN & b ® THLT B Actinomma leptodermum Jorgensen sensu Bjorklund (1974) & @
Ea»&bdTHLL, ZROTRIBEEZ R TEEGET S, SEOBRMES Y OREECHE S E R E
ERDBIZHIZY, HEORIVPFERICEBEEATLES.

A. boreale & A. leptodermum O3EERFIT 578, FHMRKFLENLD BOM-4 i W T RAMEILS
(43° N. 138° E;7/K#%3.613m) MOHIRESHIER b - a 7R (Core HI-1) 2RMKEBEHE L4
WKHREEL TV e Zniz, FRA/UE SN TO2RBICES &, TE 110em T 2349 10,0004/, TRE 164cm
B 15000 FERNZH LA L BEZ 6N TWD. ZOa7REPOERRBBREZBVHL. BEFEMETERER
FUTRER, A boreale & A. leptodermum (IR T EEPEDBE RS LI MEFET, Sphaeropyle BIZFTRT 5 1
fiCThdEMHEBA L.

A. boreale & A. leptodermum (21X, ZAVE T Actinomma, Cromyechinus, Echinomma ® 3 B)MEHN T 7.
A. boreale & B RBOBEXEOFHRME L LB Lo R, AEIZR VS, parapylomate microsphere, pylome %
-2 secondus exosphere & V> 7= Sphaeropyle BOFFMEFSZ LD, Sphaeropyle \(ZFTIBT 5.

S. boreale & A. leptodermum DWREIBLDMEETIN O, 4. leptodermum (I TEIEME LR TS, boreale & %Ak
THEEZLND. BEMICIE, (1) 37%% H D 4. leptodermum @ triple-junction {Z nodes 2351, (2) nodes 2> 6
B UV SRS R U TR L, S8A 5 3 A D lateral apophysis 235 L T< 5. (3) lateral apophysis 7>
SEMIEK L, secondus exosphere & BN 2 4 HFH DOREAEY, TR D & S boreale L RIE S 5 8K
.

ZHETA leptodermum & S. boreale % X5y 2 73 FEMETH - 7= (1) i O AEK, (2) lateral apophysis D
A1 (3)secondus exosphere DH ML, MEICHEVWENTAHELHA LR, Fin, WHOXSITE.
macrosphere DR FLOKE I HbAWVVTW DA, BRET LT 4. leprodermum, S. boreale & BFEDPREIMENENT
FELRETRDONR N7,

R EIBEORRIN G, A leptodermum & S. boreale {XRIFR & PIBr XD . A leprodermum 15 S. boreale D
G T D Z & 1XF TIZ Petrushevskaya (1967) D36 L Tk ¥, D% Bjorklund (1974) BHIFE & B 2 -, FH~
D% R 1T Petrushevskaya (1967) DFFIR % X159 5. S boreale & A. leptodermum (XFH R4 L 72V, HiF (L Cleve
DS 1889 FEIZ, % #F 1T Jorgensen D5 1900 I L TV D7-8. S boreale WENHTH 5.

1) Sekeletal growth of “Actinomma™ boreale (Recent spheroidal radiolarian Polycystine) and its taxonomic classitication.
2) SUZUKI Noritoshi (IGPS, Tohoku Univ.). 3) ITAKI Takuya (Hokkaido Univ.).
Key words: Actinomma boreale, Sea of Japan. Radiolaria, taxonomy. paleoceanography
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Ab#HE TN 5749 2B HAIMME O H LI R
~EFREOOPICADRA R LR~
BIRME - RAIINE  CEX - B « MRRED

JevEEE BET IS T E R F A~ SEFR O mMERFIIME A5 A L - P EnBEGET -
fafE, 1957 DEHE Fortipecten takahashi (Yokoyama)WEH T A Z &N o, F-HLD
THO1957)2 EIZK D Cribroelphidium ezoense (Asano)ix EDPEHMHEINTE . AL HIZ
L TIISERICER L TR IND ZEMHEIN TV D, TOEBERICDODVTOERIZIZE
AEREINTOWRP oIz, FE, ALHEEROERBIVECORLRABEERFN L 2O TH
HTS.

BILREEIHEHRT 5 DIXEIZ Cribroelphidium ezoense TH 5. RO Y1 XIIEEH Imm
UETHD, BHIZBOWTHRIBTHERE T SIHEREZBRTES.

Cribroelphidium ezoense EVRIIHRLIKTIB)INFKRD 1km FBOEFHHEFICBNWT, TS E
MOBHEE THRNICER TN, E<REBEELTHREINIRELEBO—MTHS. 0
HEMIERICE > TUTD 2 BRICRAEINS. 1) EIEA Teichichnus [BHMMES T X FHIRD
HREBEOHICREFTONLLLDIRER, 2) BE, EVOESRRNICRNAAZX D2
PEIR.

ZDMOBETHERILEOPICADRAALERVBEEZININFALROELEE IV WL,
Ei-, BRICKIVAAEEROBDRAELRETTRSBILGEOHEA 2 EERBICEATHED,
RIVADBRICTE BN BENNEREINS.

Teichichnus EOHFIZEENDZHARICDOVTHERELBOY A IR E, 1) AILABES
53, 2) BELTWRWEERS, 3) di@e U THRORILEN S5 BRIt RILEE
ERBIZHTTRIL, UTOKRZE .

1) BLREER,  BNERD D OFALLEMNE L, &<IT Cribroelphidium ezoense DIE%E
NEW. STRERIT30%FHE.

2) FE 5 5 Cribroelphidium ezoense DBEIIE S, HMNITENLUAD/NYREOHENE
W, STRBITS5%6EE.

3) A{ba®ER  BAERD D OEERN DL, Cribroelphidium ezoense DEEMNE .
STRBITI0ORRE.

ELRBERDDESTRBOLE R Cribroelphidium ezoense 72 E DFEDHEE D& IIIRILGHE
E£BELFRUCEMERLTNSEEEZLN, FELTVSHARITERIN2OBITHREL R
HEOHETHLAEMENELAONS. FAENIOLITERL LERERTHAIIINET
IHEINTWARVNA, SEMOHMBCBETHRBROERNSRFNTIHENS S.
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EILFYIIOBRIEUERFED SRINZICKDIEMNWROE2MH

1L

AETE - AKBBWE (RRAK - 2 - #Ht18)

HEO b RRETER L, BRELTWAEA, B EDRRELTEZ 5N 30D,
RS (BEROER: - HEBRROMEPUEMBOLER) LEDRME (APEETNHWSE
SICHiRAIh, ZOLECHEREREOSNE) THhb. EYHEEIC L > TR LERLAE.
ZOHENFTNET TR, MAHFPHEECETAEBRE2RH L TVWBLUGTE, Z0HE
EHEREBD SN TWS (Chave, 1964; Dodd and Stanson, 1990), —JF. ZHDRDIELRED AE
B HiEHETH %51 = LD escalation & WS Bl ST NTH D (Vermeij, 1977, 1987).
AZFHBOELERHBETH S LHFRFTE %,

AR TiE,. BEO - MHEEeNVX¥ 2 U 3 (Geloina expansa, G. erosa) £ 3% V) HY¥ 3
(Seylla serrata) ZWT. ZHEICHT B2H IS X 3 M008B O EEM 2 /7T & HIC,
BB R EHAEULERZEDP SGIEHEE R, EWD DWW THREIEZRA 5,

EVFUUIFHEROT V0T THRORICEHE > THEETED, mKATH 1lem I
ET 3, 6 HE 11 HICF#iRO~ L 7o0—7 FRICBVWT. BF U I2HEI -G,
HNTOWBIERIZ AP FLE->TEHEDTVWBZEDHD. 6 HOHATIE. BN TWVWBIE
RIIERBIEDK 60%Z EDHT V. ENF IV IZOQEETVBE ORI ENTITIEA
TWBHDOBRDPENTIHATNERHDIZHT T, KEXDONHEHAREEZA, OEOIZD
WTiHSrRE—IDH D, QDE—7EOQDE—7 L b H/hZn, EWSHRENE, X
2. QIZDWTHRDENSDISY — 0 BRFREHER. BRADRADEREGDOH 1= b SHEKED
AT TENTWBHDHE D 5=,

ENTOWBERD ARSI FLE>THEDBTVWBRIEDPS, BENVFU Y IDBROWBOKINA
. JEEPRBEE TR, TR THEEE L %, B, FEDKEIDHDH—F
DINY = TENTWBZ LBV, EVWIERE. FREDHBHED —EDNE — 2 TRED
KEIDRZRINNZHWB L TWBZE2ZRBRLTWS, . HIBUANDHINTIEA LIV
FUUILby, COMBAIHBINELEDIEEAEELFS DIDHDE N,

EVF U UIBRIAFITHECHE - AL TWAHIiRHE L LT, RO AREMEIEVDIR
AXFVHAYITH 2. ThEVHFTEEHIC. 11 BICeVFr Y I0BREURICBWT /O
FUHYIEZMEL, /aXFVAYILeNF O U IZEUKEICANT. HAEEZIT-T
Wb, EERBEGRD S 20 HEBEBEATE., /7aFVAFIZerForUIizMRLTVWEREN, I
BRI RRY —TRETIZIFETH %,

AT, ENVFT P IDBRDOKES - BN DIY - oBoshiEHid. Hmres
HERARTIREICLEED, B UERBRP SEYNBBOERES ST LOH LS
DUDTRENEETI LD L L. EVFL Y IDHNTWBERIIIERSERDOK 60%
L, ZOEKE ) AF VAV ICLBHMBTHHETFHTEEI2 L. ZHHICE>TH
ZHFELRHBEATHIZ L2/ LTW S,
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BEEMNOREIAIFaVAM/ DV DHREKINEIZE TE5E kM

KB XF BRNBILEMDE - HIEKIEMER)

GLER S B2 NI B DA A /2 D ERLLEL, Driesch (1976) 1216V EAZEF 45 1A H,
THAT 2L A ZEH UL, REOHILOEEDHEN 100 BIKDTEZFHHILAY, FEHOR
EF BT AITITAER - RN IT ORI EROR WD, BEFELTUIERED D, Lr
L, {tBA/ v ORMEBBEITICDDEHRLLT, HORKELBONIOTHET D,

HIBERIDIEALIL, ROIBY : WS REFE - THE L8, &) EHZE - THE3IM, &
[l LPETHZES - THE L, SERERE - THE2M, KROWVERETME - THIME, EiEE
PEOAZE - THAK 2, |WEKRSEHZOM - TH2ME, HEBEHESME - THOM, s
PESHZE 104 - THA2M, AEEEIAZET7ME - TH2 [, HREHEHEZE 24 - THIME, &8
PEFAZES A - THISME., ZhdzAM. UM, BERVEDOEER, HED 8 >OMIEIZHITTHR
AL,

A BEOIIND =R A/ (Sus scrofz leucomystax TEMMINK) TiX, 48 (1973) 14
BHORERETE REREOBAGRNOITAZIRMBLIY, BIERCHRI2ST., SRIBET
ST D P TIIRIFRES RBRES, BRIENRb/HSV,

VX oA/ (Sus scrofa rivkivanus KURODA) 13X, BERE, MEtEIKE, EKE, f#
Z K, MR, AEk. BERBICALDLTWS (IE, 1980) A3, EHXEEMEEEOEAR
IIRFETHD, BHEBEZRWVTUNETHY, WREEI HSEL/NE,

EEICD A THBYIAD A7 (Sus scrofa taivanus SWINHOE) D KEXIZ= R A/ R, A
WMESPED) 20X 204/ T3,

FREITA R (1973) PMRMLA THBi& i, THA, B GEHREREI) ofl, #%IEEX
LD, NEREFOADICER L., ZHHEEXRAB OO LICR2RDh, £l
HOFFEERENDIC=AA ) R 20F 204 )0 NG TDHE, OF_T=hRoA /B
DOAM - SUNE (REBE), QT X TWavXxavA /o U MOBEEKRE - 2B - h#liEE, @
ABEROB =R/ RTHEI 20 F 20 A )V ROBPRGE, @THEFIZ20F201/
UURITCHI =R A ) D RIE R FEL 72 B,

Y ARXEEDF BEFELDDBE, S s leucomystax-S. s. taivanus— AIEESPE S. s. rivkivanus &
WERE-HIE-MNRE -WREFED S. s rivkivanus |25 60,  REROHECIIEAE LK K
253mm/ EB IR 122mm {7 TS EE R 2385,
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AcgEALES, IR T 8 B BRO KR OB & AHMIMIRLZREF (F5%)

SR - FEKEARM - ATHI—F ' - WAL Y - (kR - BRI - TESAE
'ERMEAEHEEED  EREAERFEETERER 1> FXo 7RG 'BHRBIC LS Vb

ALigad il DO ZEH — WA I, B RS R HE R O R R DAL HRIZ AT 5. 2o
W R RERFDHER U FLRRCICIT 2R RROM R (R)BEABE[LUT 0AE]DE U2 EAEISh TN
%. IhETOHEYFN RIS MBI O RFEOMHETRNTRI LGSR, BFE77F7
W~7NET D 0AE Xt LS 2 AHRA LK SRS 34 4 2 FIAERTHWEINTWS(E
WalZhe, 1997). CRADIENSSRRUSKICER o 724 X b TR SEIHIZHE U L 2SO MITE-01C8,
IR FRAMRICEWTHERMRE SRS e REE > TEE.

ZD 78 5, iAo pN RIS < T2 TR ES e LT, SHINKERSK
W OREEN) 2 ERE, BRI A R URER LA 2 W= [ EE, AR L2 B 2o T
% . T BAMIIIC BT 2 ARER L FMIMREHIBIENIEDE LICH 205, LROBE/RIZL DL >hE
BiENT = BHOLNTVWDDOTHNFEMSHEL, SREEDLEVEEITND.

MEORLRE LizDid, JIBEHREAN G EN T 22EMEHARTF 7 o 1 Mg L&, Fss
W BEAPERRA (RIC LRIk D Kjl~6 SMIZXSr), B REAFIIE & i <H 5. T/ —E5 1 ME
DO ERELMEPHEVEDRED SR DD, bIMicEBMoOMELROND. e D ENT DN
Ut A, MR AR ERUNT F R TRE SN T D BB RERIC AR THEOSEEMNE L, F1
PUEIZHERMIZZ L. LA L Sanfilippo and Riedel(1985)%> 0Doghetry(1994) Cir& h /- {FDPE
WL o2 EICHEDO RO ERD D LIENHETH L. TRrOBEHIGEHAF I 1 jbhdIsL
ITUBE, TEMSUEEEARSE KjL~2 @ T TF 7 B, AIRRRE Kj3~6 &I & h e SE R O niRg
EETED FBETNET A REEMILTE S, AR RISETE, FRERFRENOR LSE2ROTE
NEADMRENDBH S N TANRNDS, P T, btk RS K3 S8 L b v =, /MU D7 & F 4 b (4K?),
Ki4 @& b Parvamussium kattoi 72 &2 ELEWOHEVE, EH, WEDOT7 L EFH A FERB LT
Anagaudryceras of. sacya % 1 ik, Kj5 S b7 E€F A b A cf. sacya, Desmoceras (?) sp.
Parajaubertella(?) sp. AR S MORAATHONL., TOLSITHTHRMETH KA LA
IO T SR SR L, ENGIED(1997) Doz U 2 ALK& RIS FEMRFHO L 512, 43 L
b ligt U CAMERBEDGE L L @O A RV et (IGRTE 5. F 205E L OB ER (L2753 b
5, EHBEIRASIIRYIERICIERTROWEWLSHEROBREHRLNTWS.

SEIE, B A TS RERLEFAILEH N T O HANT—HI—DR LT, Yl
BN RHRNRGRE - BRI ORI E B & A E O TN E .
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2 ITNK—FLB (F—X M7, &EBARKTILTR)
DOELREBIERE ZDOER

BARBE* e HY Yy N ZR-ANTF L« TAT T4 a2, TVE— 15— IYp
( l/7J'—/\“/7(¢3{') FT 33

FRAY-KRNBROYFTNA—FUBE. L FTOMBEDORMERERNS a5 R LK
ZBBXEMIEINTOW D, EABRREEGZRVWTVWS D, FORBHEIIRHMREETH-
feo 3FNA—TUBRERBEZEDABAEFERIET 52205, TV TR ELESD H)H
DERARZ N5 ETHFICEERMETH S, EREO o2 bV TXIVTBIZHELUL-ARE
MEREN, ZOBRIIHBBEACED., A0—T¥~F v 2 X7+ — RETH B ENH S
IZE N/ (Gawlick & Suzuki, 1999) , Lo T, FTIVE—F U BIZDOWTHREED MU
M NLERND o I,

BEESIE. YFINR—FUROERMTH Sy ENVEDRONOBHEIIBNT, HEHAKEA
WCHEEINB2BEEDON Y b1 MRS RAGRE RFISBRBERLAG 2B/ Z SR Uz, &l
MO=&%3/ R FOAKKIZLOTHD . 50~80TEE OFRMAA L MH > TWHiay (Gawlick
ct al., 1999ENRIA) . LN TYFINER—-T UMb EEOHGIRERLME > TR ER SN
5. XZbFA MROBBRIT. KENWTES NIZRBZHELHRICB LR, BEMEKETE
BLTEHESN. BoN-MEEABLL. FhS OFER ZBaumgartner et al. (1995)DL7EX M4 %
AWTHRHA LI REZLFITRT.

FEOXRY b NE (UALL~12F ¢ b UBETER) @ Archaeospongoprunum — imlayi
PESSAGNO, 1977. Cinguloturris cylindra KEMKIN & RUDENKO, 1993;
Eucyrtidiellum pyramis (AITA, 1986); Mirifusus mediodilataius (RUST, 1885):
Parvicingula  mashitaensis MIZUTANI, 1981, Parvicingula  dhimenaensis
BAUMGARTNER, 1984; Podobursa triacantha (FISCHLI, 1916); Podocapsa
amphitreptera FOREMAN, 1973; Pseudoeucyrtis reticularis MATSUOKA & YAO,

1985; Ristola altissima (RUST, 1885), Spongocapsula perampla (RUST, 1885);
Tricolocapsa funatoensis (AITA, 1987); Zhamoidellum ovum DUMITRICA, 1970

TEDON Y b F1 M (UALL~125 ¢ b 2BETHR) @ Archaeospongoprunum  patricki
JUD, 1994; Sphaerostylus lanceola (PARONA, 1890); Archaeodictyomitra apiarium
(RUST, 1885); Archaeodictyomitra minoensis (MIZUTANI, 1981); Eucyrtidiellum
pyramis (AITA, 1986); Parvicingula boesii (PARONA , 1890); Tricolocapsa funatoensis
(AITA, 1987); Zhamoidellum ovum DUMITRICA, 1970

ik

P. O. BaumcariNer et al. (1995): Mem. de Géol. (Lausanne), 23, 1013-1048.

Hans-Jirgen Gawrick & Hisashi Suzuki (1999): Neues Jahrbuch fiir Geologie & Paldontologic, Abh. 211,
233-262.

Hans-Jiirgen Gawuick, Hisashi Suzuki, Walter VormiscH & Eva WeGerir (1999818147): Mitt. Ges. Geol.-
Bergbaustud. Osterr., 42.

* [‘ossile Radiolarien aus den Tauglbodenschichten und deren Alter (Osterreich, Nordliche Kalkalpen)
** Hisashi Suzuki
*** Hans-Jirgen Gawlick, Walter Vortisch & Eva Wegerer (Montanuniversitit Leoben)
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HEMRRXRZRHFD R LR EEBRERT ¥ — b O S DREBREE*

ZRAMF (KRHK - 8) =

Faf HADRFEMHENPIC BT 2V AR ZERER (P/THER) IConaid, Wit (1987) 12
LHP/ITHARERROBELR, SHEFE, £BFFE, HIKCZFOLZEHNRMESSHICEDON
T&:. MEOKREFOFvy— MEP/THERIE, EBFEMNICIEEIIT/ K2 MEGIZ X D RFTE
NTELD, BBBMEEOKREHIH EhiIThbhThwizdk o=, S, RRXRFLFEOX @AM (1L4L,
1987) B LBt (Yamakita, 1988) 6, FRREBICEMRBEELABESNEDOTHET S.

REAMIETIE, TRLD, "NV LRLBKEOREEKF v+ — b, PITHROERGRES, =% T
BHOKREEEEHESD, NMNAIERMEENLTRELTVS. RNVARLEEKEDOF v — MIMKEZ W
Z60mICHE>TEHLTWS., Fv— MIIEHPHENS RN S, BREEFN20mMEE & RE
Hohd. Fr—FERLEOIMIBEREI LI, ZOMOBMIFNS0mBERETHK (TEN1-TEN73)
EEERL.

Fv+— bMEOTE» SIE, Follicuculls scholasticus, Follicuculls porrectus, Follicuculls lagenarius,
Nazarovella scalae, Latentifistula sp., Gustefana obliqueannulata’a ¥ DFENET H. ThH5ERIVLRLE
4% T & Follicucullus scholasticus-Follicucullus ventricosusBE 8% (Kuwahara etal., 1998) Z# T %
BHTHD. Fvy— M NEORLED»S&, Albaillella iriangularis, N eoalbaillella optima, Copicyntra sp.,
Copiellintra sp., Ishigaum sp., Nazarovella gracilis, Nazarovella inflata, Triplanospongos musashiensis 72
EW® o Wiz, Abballella triangularis 3 & U° Neoalbaillella optimald , <)V L% LE8HK LE D
Neoalbaillella optimaB¥ £ HF 2R OT 28 TH 2. P, BAESEOETOEHEREE» S
Changxingian® 3 / K > b, Neogondolella changxingensis 3 & U N eogondolella subcarinatahs 85 X h
Twa (e, 1993) .

FOBHUE T, KRR FERICNIVAREBEBLU=ZBRATHROEEEENSSMH T 5. Yamakita
(1988) IZADSDDNV— MZift>Ta/ K MERERELTWS. SEN—IB, V— FCBLUVAE
WRIHT, F+— b Z2EKICHE (NAKI-NAKI4) ZERELL 7=.

V— FBOREBER L E P S T atentifisulasp. DET 3. )— FCOBKRF v — b > SHEM T EA~H
¥4 2845 (BE165cm) Tk, {LADRERBIIRRTH 31, Albaillella triangularis , Albaillella
angusta, Albaillella excelsa, Nazarovella gracilis, Latentifistula sp. 72 & DS#BI X /=, Albaillella DEH,
WHD SAlbaillella excelsa % EE# D S Alballella triangularis ZEFH DB L I h, NVLERLE
BRLEETHD. PEMBOBREHEREREOETOEEENPSIE, 3/ ko MERDETHDOATH
EURRBBRIEAEEShTHhRN.

PITHRTOEYHEBBH2E LTI ICHE>TE, BEOBVWERRBEZREL TW L LHELD
%. KA, - aBMEHKO P/ THEA(TEOBENS 2/ Ko MuA & BEBHRIEA THRONICENRES
Nl &id, SEOEARNLICEHLEEIOGNS.

* Radiolarian fossils from the Upper Permian bedded chert in the Chichibu Terrane in Shikoku. Japan.
** KUWAHARA Kiyoko (Fac. Sci.. Osaka City Univ.)
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& 4 [H74# Kanchanaburi LT IR D F v — ML 0 ST 5
A AT R T B

fROUEYS G ks: ERELSER) - S. Salyapongse (% A [FHL M ART) -
P. Charusiri (F2. 7 )V — ¥ 2 — K4

% 4 [P0 Kanchanaburi 475 ® Bo Phloi B iR~ FIKODRGIKF +
— IR L, VIV TR Y % Bo Phloi KD —E & % 2 & 1T & 7-(Bunopas,
1981). {ii#f & id Ban Nong Pru P DT VICE I $ A IR~ IR L D REIR - v
— M5 A7 R = e M) Anisian~ Ladinian OBFCRI)TE %35 L Tw
AERMNIIA, 1998). SIE 612, OO ITNRLITo L 2 A, =4tk
Fx— bOWINFLANICE RS2 2T - QIR ? OFIWHURT G oLz AL 3
5F v — MBEPORKENPORMMILALZHLIIENTE/L, Z2TECH
SHEIRTRNATAEL LI, ZOENOBERIZOVWTER TS, Fv— MBS
uBmNmmHqu®E&i?®ﬁbl%%mwﬁé&ﬁoTH@mWKﬁﬁT
%, {ii# HRT Lo F v — MOBE I OTLEA S 5Skm WH D1 F v 7))
MOHEMN AR NCHE T 5. MEESIRAT b &1 20cm #i, 0% 5~10cm O
F- v — MOEEE MR EDORTNS 25, Fv— MIBO~IKOS—RNT, P18
ENTVWBELEIAEFEL R, v — }~0)1J’1;;(VJL}: &b TUHE L 72 M3k THERT
LbnElbis, F+— MRS RO BFHR DAL ML TE 528, %&%E
WHERBOR AT AT —8HD T v — FThH B, WiFiddid), tkg HOF v
— MBS OREBLE {T o TWohS, AL M L. AR L 10 Bnlfr 5 =
EWZED, B AT AT — N EEDZ LD, TOF v — MR ESR
5F+— bT, o710 BT v — l~B%L;tﬂ"\"(Iﬁl*fﬁ&}flfi’kﬂli‘ﬁﬁ?”é. 45
N B O BAFIE REFTlE R Vs, 10D E TITETH 5. s h/:
Wiz id, Palaeoscenidium cf. c/adophorum Deflandre, Entactinia variospina
(Won) group. Entactinia herculea Foreman, Triaenosphaera sicarius Deflandre,
Archocyrtium effingi Kissling and Tragelehn 3 X UF A. cf. angulosum Deflandre %
PEINTEBY, HRANYO Tournaisian DR TIIMEE 2 b b Hs, 7K
YR %W Famennian 2R3 EMEL H 5. ZHRABTCRIIEL SR TRV,
ChETIS, ¥ A HTIEARRAEIN LR T ROEIZ, & 4 HIEUEE Loei At 75 Huld
J-z A4 )i D "Fang Chert’ 8 L U ZDOHINEE, X612, 1KY 1 ED
Song Khla HID MDD F v — AP LRB STV 523 &, Kanchana-
buri # & UF Bo Phloi M {2 S 13 Rk RO BURHLE G O T e, AT
Hi -+ — b2 Paleotethys MO NWNI B Z & { BEIE 2 & B /- LR IR HED HE
B CHERI L. b b b s, Z0%. =4/ &I Paleotethys i ?ﬁ@lﬂ?&& &
b2, BEb(Shan-Thai Block) i L7z 2D F- ¥ — FASlIRI & v, I LB HERT
AT 2 RN ? OMIR GORIEE LTHRLZbDEEZONE, Z8FRTF
Y= bDLWAC TR AT 2T - HHlR?WEORIPICHI YT 5T v — PABAEIC
e ZARBIR B EENRLVOR, FERTYTYL, RIFNIFZ DL NE
W 2D HERETRERED S,
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FELERR 5 O - EIBEERERIEE
NE B REHHF (KEHA -12) ~

PEIDILP (Guangxi) HIEBERBHDEM (Qinzhou) RUZDHEHIEEH A L %, %
Mo ERRB R A OELS#RE SATwE. 2hoDERBOEMIEZELLTFv— FTh
5. T v — MEIXSKIMALHRA O BAL H T O R R MBI 545 L, 200 km LL b7 o THHEIIZ
BHFEN D, HESIBIFTAZEL OHLEIFEO—E & LT, 19964 117 128k M DIt 5hHb 1% 4 34
L, 117 avilblo TRBIERFEENRIT 21707, 20967 €2 L a2 b4
RREIAR e B tEE R Lz, UTFICZ0BBE e 5.

(1) #a#p (shiti) 2+¥2 3> [R732-R751] - 3+t % 3> [R752-783] : SKkM LM%
(Bancheng) RIS ICHZIE L, ABEKEDILERVCICEN T AIKEE~BEERKRTF v — Mg,
Entactinosphaera cf. nigrum 2 &, 7R M A GRS 5 L Z2 SN AWML AIELT 5.

(2) K448 (Dachongling) 2 > 3 » [R840-852] : /I# (Xiaodong) T/ DA HEFIZHrik
L, ¥LLTHESSE  MBEB» %25, HEER DS ¥ 1 Pseudoalbaillella u-forma, P.
scalprata 2 £, ~OV ARE AR T A BURBRIEAEEH T 5.

(3) a4t s a3~ [RI84-R788] - 5t a3 [R789-R791] : LikbKEDILAHT
IZHEM T BIKE ~FRERIRT ¥ — MG, Pseudoalbaillella longicornis, P. scalptata, P. fusiformis, P.
globosa, Albaillella sinuata 7% &, ~)V L5407 - it #4874 A BRI RE A EI T 5.

(4) IH¥ (Tianche) t % & 3 > [R799-R839] @ HIKOHILKICMFET A, & L TKEE~
REFKTF v — M. W8 R UCBIHICL > TRFEROMBOE Y ELFAIRS5NS. Pseudo-
albaillella globosa, P. aff. longicornis, Follicucullus monacanthus, F. scholasticus7s &, ~)V A% - ¥
HERTI 2 45719 B I b A ¥ 5% .

(5) fi}& (Shiwu) 2 > 3 [R708-R726)  HIKOD Wi BRI TiE 3 BIKBREIRF v — MR,
ZDF v — MED LR EE NS . F v — Mg D5 Follicucullus ventricosus, F.
charveti, F. bipartitus, F. porrectus. Albaillella sp. G. Nazarovella scalae, N. gracilis. N. inflata, Foreman-
helena triangura, Gustefana obliqueannulata, Pseudotormentus kamigoriensis’s &, 308D R 1L
AREH L, ZD—#idKuwahara (1999) T L7z, ARt 2 ¥ a v O Albaillellaria (X500 L 42 # ik
e R T 5.

DLEOBEBICEORRT 2413, TRy ZHittd o~V AKF IS5, 4, 4ik
REfRT A HREBCREAIR REB X T2 \WaS, Wang and Kuang (1993) & U'Wu et al. (1994) (2
Lo THAMBILLHEEINTVE., ZOXHITTFTRVRDPORIVALARIZEDLIZIZER L CHH
BRBDS, HOHFIAN TSI LIIEHENE. COMIFEO TR B~V ARBEBRILED
Batid, B - 244 D THRRENLFTFFARUNN YT 03 L OF WENEROEEE
R, HREDETLIZL > THETH 5.

* Middle - Late Paleozoic radiolarians from Southern Guangxi, China
**  YAO Akira and KUWAHARA Kiyoko (Dept. Geosci., Fac. Sci., Osaka City Univ.)
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5 A BPEEH > F v F T HEN S HET BRIV LR
7 X)) F R & Z O il B R

ERPBSE (R ACFREAETR) - SRS CRBRSHIERRISER) -
Nikorn NAKORNSRI (c/o % 1 [H 85 PE &R 5 E FAET)

& A EN B CEBBOREOIL. HAKEXSO LTI, AL ARICTRT7F
KEEM S NEEL > TR AMBIZE L TWS, FIRXNMTDNILARKI Ratburi JE &P,
BT Sy k74— AREEEE (Ratburi AIKE) ERHMETS. ULALABNS, Ratburi ARAED
S5SNI LY HEAOHREIZEVWDIFM DL, ZOERPEENZ 7)) FHIEO G EYMF
MBIV TIRRZETHARENEZ L, BESR, HAEMBBICROIHEY o7 o - i
AREEREDORFZHMWE LT, YA EEPOICFEZEDTHD. 199 FOHE EHERS
MK ORMFETY A BNEHDOH o F v TR EREL /. ZTOBE. Ratburi ARG DHAK
CLEREOH AN EERT 2 LTHRKS S T X T HEZGLOTHRET 3.

RBELEITHOENFY 7B, FMTEESHDRIL AR Raburi HIKEDILITHE
EIZHYTAEKEN. FIFLBE -MEICERNMNUSMAL TS, ZOMBONILARIL Sai Yok
fEBE &I IEI. ALK D Khao Muang Khrut . Sai Yok #1/K % . Madua JEIZX 5 E 11TV S (Bunapas,
1981), H#D Sai Yok ARAEMNBBUAESLD Ratburi HIREITHBE T, FLWE/FICD
NTOHFRIRBZINTNARY, Sai Yok ARENSD 7 X)) FHOHEIL. TN E T Hagen and
Kemper (1976)%° Fontainc et al. (19941 K D5 R B DNHEDAHATH 5.

SEHMETEZ IRV HEBEEALEY TV Ao Fr TV EDO RN N—T HOILE,
Song Tho BiLLIDILHEK 13.5km K DREI N/, LAEMBIDAHIKEDE L. AEMESLSE
D, HEETEDNIEANA NI T —2BRLTWAEYD. 2 7IIVOERERBFAAMEIIRH
72 MY, German Geological Mission (1978)fEEX @D 1:250.000 M8 B (Geological Map of Northern Thailand:
Sheet 7) MEHHNDL I, FALMNIC Sai Yok AKAIIBT 2D THS, DT X Tk
2. KBD 275 )R 7X)FThHDB Eopolydiexodina afghanensis (Thompson)Z45#EF & L.
Rauserella sp., Yangchenia haydeni Thompson, Rugososchwagerina? sp., Chusenella (C.) aff. tumefacta
Chedija, 5 &> T3, FOEMRIT. WXL L Murgabian 720 U Midian 8T}l & & 2 55,
& A HTIX. Eopolydiexodina BEGL T AV FTHRIEBHOT SF a7 7F) A oME B HEEH
T2 (LYRDAERT—4).

Eopolydiexodina BISRET 7 D T AMBMEEYD . INETICEHAROMRILMBE. BH
AR, NI I, AT IHZRAY AT 457, MIVaALENSImENDH S (Ueno,
1999 Bl8), N5 Eopolydiexodina [R%ET BHMMO X)) AL PEHO T HAMNREELRSD &, &
DENFIINVATFAOEBKEUBKIHHL TWZENDNB, ZOPFT. LTI A%
BUTFAMBEOMAFIL, FARAN AT HRBEETATHEHOICHHLTVS,

AT CHBRBEORHNIVAKR T AV T HRERDE. 1S PEET IHRY .
MNI—NEOBEEL AT AHBRIZIE, BETFAREORUNERTHZxF 275 )
FTHEHL TNV EF—FTRIZX) FTRZLETLIEHREOBVWHENR NS, —F. HEIZHI Y
T3 7T AMBORNBB T, X4 275 ) FR/ Tz EF—FHT7 X)) FEOEHIL
IO (BHHAZVWREEHET). TORHRIVAR 7 X)) FEEIL Eopolydiexodina &%
DONDENSBLDEFRMRITE O TNDS. D, AT HBEEICRESNSFHNIL LK
TANFHIEOEZREDENI, REFONIIEEBIABO B2 A7 BRI IC
MUTHTFIEABLTES T, EMHEASICEMAEN . DEDEHREEICMEBEL TWERLD
(2. PEHIS DL N T FAREN S DXBEL VRS KT LITLDBDEMRTES,

Middle Permian fusulinacean fauna from the Kanchanaburi area, Eastern Thailand, and its paleobiogeographic
implications.

Katsumi Ueno (Fac. Sci.. Fukuoka Univ.). Katsuo Sashida (Inst. Geosci., Univ. Tsukuba), and Nikorn Nakornsri
(c/o Geological Survey Division, DMR, Thailand)
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WORBPBE,P SE LT SH+ 4 2R
WIWFSEE (ALIUIN T 145 )

LT % ST L ALY rh R A S04 § B i DG 2 13, M T s
EEZONBALLTHREN L TWB 05, BeAMILEORIEI L h o7 199743 1
. MBHIZIKAHMEBICBW TERE 2 IRE LR ICHEL KB IR, Y
FThar)LMEz Lh, MBROFHEEETIEOAEI N TRREOIHET
HBEZ LRI,

COLEEE, YEE 2O KBEBEIFEI TOOFM»RONE D, £ O
THE L. SH>PBE LTV, FA-FHOKRETIIEPR TS LHKTSHh
o WL, AHM (FE2KHEA) PEFELTV I DORLIFEINTED,
MICT A EKFAEOBBRE—HA NS, HMOEOEREDO—HAR SN S,

i3, v H 4K (bunoselenodont) T, metacone & protocone @ [# i metaconule
Mol N THb, HHIZLCEEL TS, DL ) %I R EET
& —3T 5, Metastyle, mesostyle, parastyle ffdfL CLF ANHEL Lo TnBH LI A
FTEELTVWAEDT, BIEEZHRETSHITE T3 TR VD, mesostyleDFEEH L
BRI & BN OMNAN IZWETHD H DU A D3 SH 5 Z & 55 Brachyodus 2
B$ 5 THetE A Vo IRERBUILGHTHE 2 SRS A TIHER 2 L& LTIR
oA LABEBICTH 5o LIARTIIEMAREEE D> © Brachyodus japonicus Matsumoto

(k. 1925) PRI TS, LA L. BROERDEHGE (EFHEN
25mm) (ZEMAROE2KFAE (T3 18mm) L KECELZDTINLNHE—DFE
WEEhbsidEzON TV, MKRIEMROEKRET 7)) h - 3 -y N\ Y
DFEF L FHITHAXIZ20T) KEL T, HILwdDiERaVwWIEzHmL.
HEHRBHEOBEFR IOV TOHEEITToTVDE Y, Z0HDE L OHEE M
ZTHRETHE, TORKIIHEIICERE LDIIKELS STV E DD, H—F
AW THIENIEVOTHELICEREZRETEHI1ZETIER YV,

Oligocene Brachyodus {rom Nabeshima Isl, Yamaguchi Prefecture.
Yoshihiko Okazaxki (Kitakyushu Mus. Inst. Nat. Hist.)
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RS S —RAEHEBM LA RO G EYF - P
g (FPH)
KFHs - e (BREBX-H) - E#E—

HREILEO. RPEBESRCHISEBHILB—FITNTTHET 2BV LIER
RO HIIE (=hEAME) BLXUOHSBEMSIE. . 8E5. I AE
ANEEZOM. NEROTE - TeRENSR55H—FRARAXFHIYLEHEZELT .
tEAERORBEIBRBO LM T. AMIEFRHOFRKEHO TLIZHID. HLh
&% a > Muntiacus &) 2T F 27 T H Cervus (Metacervulus) astylodon® 2 &M
HBHMN, HwEL RBEOEHFEBRMOREPFENSLET HHEARFLV BT IERDK
BTHY, BRISGNEREZOT A XAZHAL TS, AERRBBEEDTHTY . NT
BIZLERTE 2, HWRREREAT IAROHENEOHD THEMT, PEOM/IIE
RILERE B HSEME SN TS LeopoldamysBIZRIE S N5 A8, fliL LT
3 EF BRLTHBEORHEERENSERI N, #AaRPEHOM. > HCervus
(Metacervulus). 3>, RAMRE, U9FE. MR EOWEAEES RFLZF
HEEWYML AR (B ca.2.0~25Ma)DBDIZEES N, FEOAREMENKEN, Z
DL, BEBEBIHEENSH D ESH-—RANFHEY LA TIIRFILETHEML
AFIIMETE D, 1% WLERIIBIZ22TOEBEOMANEITTE L. —BOF
M7z et BRI AIHE L 12D,

FH-RARXFHBPCEHE. TOBBEOHMANSAH T, EHERBIUHRFERD
LEBIUBARFHOER ERZT IEAR, 51T, £DII—Vid. LROHF
LTRMIIKRDD I ENHKD, £, Thoo@BiEzE> TlERLZFEADOHEER
DILAPCEEDHER b HINEETIIANA D,
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2 A LER DI ELIRENMIME (FiR)*

‘f‘P’é%iE(%‘_HIjC'I) AEE (JEIR K- BIRIRIEM) -Benjavun RATANASTHIEN (F 1> 71 X -
) -REEAERBK-HE)  -BPEERFHREEA) -EREGRBA- SR -SARA(RERA B

& A IR AR OHRRZ I SAE U, REDTIIRIBEY LI LIERET 2, Z0RFEIE
FADTNTANF KL LTEH SN TE 72, [BRDREHFED 720125 WS HREE OB
S LERLRETH D, L L, SHS DU AN 8B & 7 B LR 4@
EALOWALEDNI L A LR LN Wb FNENOR I OB AW CTH - 720 & 4463
DD & %REFE N O ST LAY SEIER L. Th o OMFUSILE O REMEERIZE R, b
EIRER=e > 7 ) 7 g EOWFEIET & OMILSEMRDOHINTEROBFERHE B EE X bN 5,
& ZHH HERDHIFE TR ENETNOHRBEIHDERIZ OV TIIV A VWA LEZ HITRENTEY . Hi—
B BT <o & A DRI AR BT BEEEN RIBFEATEL ST W iadrol, #2T, Th
B DHEREIDIBGBFEIC DOV TP L DS IR T T Lo TV B,

W DI 1996 &) 3 [NIbizo T A WEOBYFAEC O EHORBIEDFHRET & WEFLEIHNY
HOFEEITo720 TNODOTEDHER. HERHMON TR DoV OPDILAEBZRRL. &5
2 D LOFABLR 2 RIB T 5 2 AT &7z, SMIIAERDOSE 4 MFIEZ G0, ¥ 1 L&k
HFUSEIAE R F DUIBIEIZ DV T DT R R E L 5T 5,

% A AtER Chiang Mai JEIZ20 Mae Mo %85, Chiang Muan 8 Na Sai IHRSLZ: &EHEsk, AEShTE L
R 720 T <L F2 15 R E N7z Mae Soi HiX (Doi Chang, Kew Hoi Tal) 7% EDRBIF 2 #E L <A L 720
COFEEFTLTI0 % B2 5% DOFLEEZII LD LT BHBM LR *RATAZ LD TE L,
FOHIZIE Mae SoL,HIX T 2 @D 74—V KU =XV Zbhlo TRIBLIIZ | BESORERHE
Gomphotheriidae FtDILAH b F TN TV 5, ZFHHHD Rhinocerotidae FH3Z { DREMTA L, Na Sai Il
R TIE ] —BUADTEE RN, MR, MEPZEA o0 REDO LV LE DRI TE . T2, fEk, ¥
A DEFMOHFE D SIFH SN T\ h o 72 Equidae HOLA DB FICRRE L2, BEHIIZ C DE
#T Suidac FtTrragulidac Bhig E RO L WEIBRCHUEEARRA TE /2, £0MUIT =h A, RFF
D EHLE R ES L OFHEM LR R R Lze Tho ORMSEFENIIZEIL 7206 > 72iEe )
TH5HH, WFLE AL HifEE S NAFERENHPFiHROb OV EZnEEz2 6N b, £/, BH
Pk ZZ ONBEMLH D, 4%, 3 LCHEREICED (RFOM L H AR L D L T5

HWEAEEN LRI, X515 LRDERELEL T, ¥ 1 ILE0RIFEROFEABF R HERR O
BALBEAHLPICTELELVDH S,

* Miocene Mammalian Fauna from Northem Thailand

** Hideo NAKAYA (Kagawa University), Haruo SAEGUSA (Himeji Institute of Technology). Benjavun
RATANASTHIEN (Chiang Mai University), Shinji NAGAOKA (Nagasaki University), Satoshi TANAKA (Kyoto
University of Education), Yutaka KUNIMATSU (Kyoto University), Takehisa TSUBAMOTO (Kyoto University)
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BREORFELEL
— 2 v Y —DORBBHFHORRBEERICONT—

MIEIER - MEUEE Gk - TEDD . BARA GUEA - 1 - #E) . LAY (FHE - BgUrges) |
Tin Thein (Pathein Univ.) . Aye Ko Aung - Soe Thura Tun (Dagon Univ.) . Aung Naing Soc (Yangon Univ.) .
Maung Maung (Mandaley Univ.)

22— (HAENT) hEDR >4y o aigizid e~ 5 G
(#) 4000 FTEERT) DL - BRENEAHLTHED. 05350 IR

LAY LHBER (RO VER) ) BREEHABCLAELZEELRT S
CETHSNTWVWS, HICAHEH SEONBEEFLAR. RESNL
WS EESE (SE4EOY)I - SAK - b hEED (BSEEN 0F
V—T) DILBETHBHufetEMm< e nTER, LMLLINETRD
Mo TWEERN VTN OKAZBLOT, BEETHDETHRENZ
HEMMBETERVWIENSZTORKEMMBIC OV T DRPITIIRENF
MRVWEETHo7z, KBRKFESEHEMARNI 1998, 9 FIZI v ¥v—H
EOHPIRBHAAKEZHALL. A TERSELEARE2IVDLKOTHE
mitEERRL.

1997 £ F TIZFEHEN S RDOD o TW B EIEL AL Pondaungia cotteri &
Amphipithecus mogaungensis D 2 FERAT. & HIZHILKOIFUITFR I N
FELIES SEEMM o2 1970 EAKICENTNHF L WEEANRAE
NTW/., LAHL. EOFEAENTHEN EEIUTAML 2 %EoEIC
FERM DN ONOEERBROBENATET, tupmeLc | Map of
DHMAERBINT Wie. SEOWATRASN/LEIX Pondungia. | Myanmar
Amphipithecus . Bahinia (1998 fEiZ7 5 0 ADPHEBRMNFER) RUKRILEBD
FRZESCODANTHY. FETREEAIZNSL2TOEEHEDO LFEENEON - ETH S,

INFETOBRTINSOLLAZEBEIETERRICEENS Z &AL /. Bahinia 1ZFhEALIRO ST
MHEN SR DMo TWS Eosimias & DFRIMEERL. PR BUARBERREZZ 5NSB. Pondaungia &
Amphipithecus I KM OEIRBTH D, N2V OBLMEZRTH. SEORIATHHDOHBEIENSALSNSE T
ENbhol, FREHAREORREINIZIBEHABIIERTINTH 5. RiROFMIT/NHOBEBEHTH DM,
KEBROHERDREVRENTH S, CNs5OTH~BHBFHOERBLAGOFEL. BHORT 7L
WTEREAREL TWAIZEERLTHED. ZNETO NUEKIOT7 71 hKBERFEHR) ICSERERITN T
5HbDTHD. LIS OEFRBLE DO MEENBTIVNEFEIC BTS2 EY1 7L ERLTED.
FLHEOWHIZUARTHE - HOBHELNBENI LEZRL TS EEDNS,

AWFICEF AR N FNNE) OBBERTTHB I ok GRERS 09041161, WFFEREH -
MEFIEE) . RBRAXICH 2> TE2EBOBBIZNWEEWE I v 7 —#FRE FHERRE O Than Tun X4k . Bo Be
DN ERE —RICESEH VL ET,
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RFT R G v < — T ) EHOMABLR IZ OV TOFH#EL
FOEMMBENEREORDN

FARA(RX-2 ) BHER RRELEG K- FRH) TAEF (FHE- #2%) - Aye Ko Aung (Dagon U.):
Aung Naing Soe (Yangon U.) Soe Thura Tun (Dagon U.)* Tin Thein (Pathein U.)-Maung Maung (Mandalay U.)**

A rich mammalian fauna has been known from the Pondaung Formation, located in central
Myanmar. The age of the fauna has been suggested as some time from late middle to late Eocene.
At that time, the asian continent was separated from either of the indian, african, or european
contiments by existences of shallow sea, the Tethys and Turgai Strait (Figure 1). Because of its
location, investigations on Pondaung mammalian fauna and comparisons of the fauna with other
Eocene to Oligocene fauna can give better view on the biological interchange that occurred within
Asia and between Asia and the other continents during middle to late Eocene.

Mammalian taxa which have been discovered from the Pondaung Formation are listed in
Table 1. The half of the genera are endemic to Pondaung mammalian fauna. The fauna also
contains taxa that are widely known from other Asian localities, such as Mongolia, China, and
Thailand (e.g., Anthracotheriidae, Deperetellidae). Taxa which seem to have originated from west
are rare. The exceptions are a rodent genus which has similarity to phiomyids from Africa and a
hyaenodontid genus which seems to relate closely to proviverrines from northern India and Pakistan.
Newer discoveries of small to medium-sized species such as insectivores and carnivorans from
Pondaung mammalian fauna, more detailed assessments on Eocene to Oligocene mammalian fauna
in west Asia, and more precise age determination for the Pondaung Formation will be able to
improve the understandings on faunal interchange in late Eocene Asia.

Table 1: Mammalian genera from Pondaung fauna., Genera with  Figure 1: Location of Pondaung relative

asteriks (*) are endemic to Pondaung fauna; ! Gelocidae or Leptomerycidac; to the coastal lines during late Eocene to
? Isectolophidae or Hyracodontidac; * Rhinocerotoidea. early Oligocene.
Order Family genus
Artiodactyla Anthracotheriidae  Anthracokeryx
Anthracothema
Helohyidae Pakkokuhyus*
family indet.' Indomeryx
Creodonta Hyaenodontidae genus indet. 1*
genus indet. 2
Permisodactyla Amynodontidae Paramynodon*
Brontotheridae Sivatitanops*
cf. Metatel;matherium Pondaung

Deperetellidae Deperetella

family indet.? Indolophus*

family indet.* genus indet. . 4
. . . Acknowledgements: This project was supported by
Primates (Anthropoidea) Amphipithecus* Minisiry of Defence of thle) dnion of My%%mar and
Bahinia* Ministry of Education of Japan (grant No. 9041161 to
Pondaungia* Shigehara, and JSPS pre-doctoral fellowship to
ungi Tsubamoto). We dgreatfu vy thank Colonel Than Tun,
genus indet. * Major Bo Bo, and the stulls in National Museum of
Rodentia cf. Phiomyidae genus indet. Myanmar for their help during the expedition and for

access to the specimens.

Preliminary report on Pondaung mammalian fauna (Eocene; central Myanmar) and its biostratigraphic significances.

** Tsubamoto, T. (Dept. Geol. & Mineral., Kyoto U.), Takai, M., Shigehara, N. (Primate Res. Inst., Kyoto U.), Egi. N. (Dept.
Geol., Nat’l. Sci. Mus. Japan), Aye Ko Aung (Dept. Geol., Dagon U.). Aung Naing Soe (Dept. Geol., Yangon U.), Soe Thura
Tun (Dept. Geol., Dagon U.), Tin Thein (Dept. Geol., Pathein U.), and Maung Maung (Dept. Geol., Mandalay U.).
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BEAOZBELUEONAKREICSENSI _HER  £FERATLOBRNE R/
FERA - WREN - MUEE (RAX) - BEREF - FrhiEs (HETH QALK EHME)

SiEIT, BESOBEOTRTYH, BREHERZ CYBNRILOSEERB THY, Z2EH
REDEIBERE-ROEEEOBIC R TEBENICE S KRB ~TARR
HRBIHTHE. O NEROHEEDICSEIND “KALAEZAADOB S RBAERIC
ONWTHE L-pEIOREK (I, b, 1998) IZHEWVWT, SEIIFHAERBEDTELD T
WETS, “HAEOARHMETICELTE, AT TEY, HERLHER —F L AD
S, BEEEOHR - BROSWZHDETITo. £, ThETOREEIZMZ,
RBENDAEINT TCORBEABRIZOVWTHLERZH -, &b, HERAKZIT-H
-BEHIMZ, bbb ARNEERTORWVWIIBRERHZDWTHLRB LU VL TCES
L, ZE8EBOXRE L.

NEHBDICE TN _HEBEOBEORRWEEBLZ RS L, ZBRUBHREICWS
FTRE&L LTHEMLTWAEAPFAL»THS. LL, HEOKELRELRD LN,
PARTIE, ABRE/ =TV ETCORT—VLABRMEKEI CORTF—JIcHiTB e
NTE, FRENORTF—COHRTIRIREICEML THWB LI B URTELLENS. £
7o, HAEROPTIE, BHFHOT—ZIIHVE, K AnFiiF—ficmLcuwna &
INZRZRB.

ATEBRR L DORRNEBEABL RV TATAD L, TRNENREH DI EBNRY 2R
LTWABIZ ERgns. ABRLREETCEN--BEEFEM (f ¥R YXF Ostreidae) , H
BVTRAENE (1 VA B Mytilidae, RV ¥4 A F Pinnidae, V7 AN A F
Pteriidae, Bakevellidae, Inoceramidae) DOFXAER TIX, AHALEY DAV IIFLERIZA-
THER L TWARMN BN >—, ARLUBICHE LZBHITFEELRY. HETIEHARWY
2, BEACRTHE COBRNMMRBEICAR LT Plicatula 2y, TOERWDEENOLEZHEL, »
BESCHE CORMBERICBRIT L (BRI, 132, 1998) Z¢ b, ZHICHEL-BHET
HAS. £, REFET, FERONERERED L RONDDIE, A TIIR L CEHEYE
THHREFBLR2ITIA ZYHAF Pectinidae 217 THD. 2 ThH, Ve A HF
Amusiinae I%, NIZHZEI G THRAELHRRT I —F, #IAEE2EHBIC L ClEKEN 2
B, HEORILOBEELRNARITESLEZbDOERRTIENTES.

Thizxt LT, wVAF L HAF Veneridae, 7SN A £ Mactridae, ¥V H A F
Cardiidae 72 ¥, KEZFEOWNAERIT, FERICA > THRAEBY D CTRL ETELRETER
RERBZETITHMLUE., ZLTEOLBLUERAETIE, X< bA A # Hiatellidae,
=y ay A Tellinidae, 7 % /37 H A F Ungulinidae, ~7 A #} Solenidae, >4 Y
#+ I H A B Psammobiidae 72 EE L DRNRARIZERT I L IR oT-. bRAIZ, =
DAEFEBRR TIIPERICA S TH LR LZBHITFEE L2V,

i, REBLABTZEORABOFBIMNE ST OND, KBELEZ2H-ROVRERII=
BRMGEAET T, 24L L TRERLEBIITEIRV—F, REBLELEBLEIEE L
WX o THEEZIIDPoTHWBEIICRZS (B, 1998) . #lxif, PERDOHERLERE
DEZETH B, V07 HAF Trigoniidae 1Z, ZBLL Y 2 FRATME TIL, SHELIT
E-o THRBEOHEBEMIZIR SO TV /=23, Nipponitrigonia {Z R EN5 & H 12, BELIS
A->TRHRERBLEE, FRRERAEHZFOILIZL-T, IVAEICEHLMED L
BICETAERMEIKR L. £, #<X VA F Glycymerididae i3, BHELEALIE, B
BRI KRBT B L bic, FEROYMBHRELOFTYH, HIZRRIZLZEWVWELASEAE
RF ¥ RN EICERBF AR LICL > THEHEZIINY, st Ex 00
5.
UEDX S5, MEHERBYICEEND HAOPARLZOMMT, REER _HEOR
W bEHR—AT, KEL2HE-OSNE_LANEMLEZLIZL-TERENLZBLDLE
5. bRrAZ, HMEREVHLELIZYBHORILOEZEBORERAINRICERLEEEZON
BOIIKEEEHONAEMKBICEON, TOHBRIIBATIIHE=SRPHHUETHS.
ZDEHZ, ZHKAEEOHILBR TALFED LN TWVWARNALOHEITIRRIT, £8H4 L4
ERRXE2EBZEIH IZLicsy, IV EERNICEBETAIZENTES.
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R EFIR L E KIEJE BE R /= B D Pectinidae
RAKE (WERALH) - SIUFEF (EFHZLAAILBA T )

ALER 7 + v ¥ - = 7 F RO WIRISALE § 5 KRS BE I T 358 OO R o k8 A & BkiA T4
b %1872, A CTldPectinidae % .0 TS 2 .

MRS (X LR DRRET A & h il A & ATEIsEH i & S, EMNOERBREOHE |
MIEEN Tz (EINRGEES V-, 1958) . BAETIZERBEL LIZL > TIELEA
EOBEMPEEL TWED, PMEHEROMENH VOB X Y Fortipectensp. % s & ¥ 5
bR EHRAIEDNTE.

LEEMDOREREIINPBOR T TH S . FHIZTIHIROHKE 2S5, —5F
DG HE Tid Ophiomorpha’s E D ERILANHET 5. {LAH, Bem KD BEEL L BE
BIUVREHRE. WKOMK B E D HE D Fortipecten sp. D FE T 5. Clinocardium
sp., Lucinomasp., Cryptonaticasp.’2 £ DAL AV EHF CTEHT 55, £BEOLE
B L T, T3, HHTEBE, Y28, BhhEotarELT s,

i A & 4 & L7z Fortipecten sp DFCH 24582 LT IR 5. kB, #id
A lRKImmITET L. BEIIAR, ke bICI8~I19KEE. RIAMITI0E. H
WIEFICREL, ZREMALLIRETIFEOERICIIBMAITIEALHERLE L. BRI
HYBLHEDRESIIFEFICREL, FORIININ. EHOREICIE, ZEHEEOS
FLRYPROND 55, ARIZIZR o v, RITFEFRIEVD, HROGT¥ENE.
idAasgk, EHE bIC1I8~19KRRRE. RO BFIEHTRD, MBI 2595w,
TERDMENII AR TR 2R o ha L & b2, EROWLU XSS, AHD
BEtRIIZFE <, MBIOADBETIA. FICHET 5.

Masuda (1962) 2 & 1iX, FortipectenlB I RIZE T AHFHM TER SN S . FEFEIZKAH
Dk, B LB ERF-7EFE IO AZAR, TFHLER HEORIICILHKT
BIEWICKBMOBE R FFD. T2, THODFHEBIIIM R TMacNeil (1967) 13 KE D B
i 2 5B BIF TS, MHPRBOEKRIIGERDE O AD3E5\ LA Fortipecten® O
M XL T\ 5. Fortipecten)B (21X F. takahashiil 8 K S N 5 B SBEEICBEN 5 FELL
#¥1Z, F. hallae, F. kenyoshiensis’s & D HADFFOWHORE SN TWE. Thbnl &
Mo, WHEBOEAKIL FortipectenB NFB S L DHPEZ B TH 5.

Fortipecten)& 1 Yabe and Hatai (1940) 12 X o TIRE I N, £ OH5M IZILI AN, b
b, YUY, TIAMIHONT WS, InET, ABEIZB TS Fortipecten® 7
BRIKBEEZ Y HOERBE TH 72, PRI LDERIZL > TKIFIZZDERY
THE. A7 4 v - T FHIBIEKRE - TEFHHHEOSMBTH 505, L HES
HERETICAEBLTWREN - R BB % %580V} % Fortipectenh™ A #3812 33\ TR
Lo &, sAEYMHM2ERE2T) LTERELWRS.
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Fortipecten takahashii (Yokoyama) (Bivalvia: Pectinidae) &
NELER EEFRM

bl fL* - BARATY
(* FRKPHBRELHRR -** HRBEFRETRVF )

Fortipecten takahashii (Yokoyama)lZ, i@ DEEEHEAFHMT 5 HLARHETH 5581
— ABENIRE (1 - fRfE, 1957) ofREFEELTHISoNS. B0 (1958) PUozumi
(1962)2, Z D% N RES HDFSHEERE & L7zd, Uozumi et al. (1986)i37 4w a bT vy
7 R EHRETIFIT L ED S, T DOAEFHE A SH KD Mad o IR D2Ma & L
7o F 7o, wEMEL (1993) (3. RO FIHE A Koizumi (1985)D Neodenticula kamtschatica
# (6.6~51Ma) DO N. koizumirgy (2.5~19Ma) (THHMT B LU UL, THhETO
BRI BT, AEACIIE R 8 L F. takahashiiDBELEHED A -BP, HAAREDWEANKE
{, WEEICF. takahashiiDHEWBIMNH SN - 7o EBWA L. £ 2 TAR, JbfEERE
W12 434153 B BRIR I RIINE F D F. takahashiiDBEH G HE L. AIIC 1) B F. takahashii®d
PIBEHAERE WD TR LD TI JICRE L. F. rakahashiiD A QIS OWTERT
5.

AR AR P13 ERE, W L OFUED S RIS 235 P, T oD
BTk S MR n[GEASEES LA RHEDEH U, HEBT DR E1T» 7o, TOFEE. M
EEFIINIE AL 1d Yanagisawa and Akiba (1998)D Rouxia californicatiy (NPD7A, 7.6~
6.4Ma) , LMD SARE FiE & LEOSERATE TIEN kamtschaticadiy N. kamtschatica-
Nitzschia rolandiilli4y (NPD7Ba, 6.4~55Ma) (Zh1-h, FNLD FArOARE FEIZFEET.
oestrupiiffity (NPD7Bb, 55~ (39-35) Ma) {2H1-52 Ebh -7z WIMEERE T
MU\ AF. takahashind, 6JGHEMN SREHI U, WIFE LI O AE T EIEH D SFI70m FALICALE
4%, Fl-ZFDhiUilZ. N. kamtschatica-Nitzschia rolandiifififiZH 7.0, FHLDR. californica
HEDER (64Ma) X0, HIFMIEAIMLETS. €T, A FBOHRER E—E &
e U, HERDE S R 2 O THIEHBROFERERDI-EZ A, 6 2Ma|THY T 5 2 &N
bin-1c.

ZNETOWNN G, F. takahashiiDpe HE TASE &I CHEBLN 07 TH A DL, Kbk h
DEDLIE, HGROBEE, XYY L ORIV THS. hoDH b, BEEE
(21T BF. takahashiiDYIpE HAERIIAR T AR & R TH B vliEMA S B 728, it KI
DFI6Ma(Zld, TICF. takahashipJLig P RIS LTIV cESZ oD, F
takahashiiDpi: 1 PRI RICHIBIZ 539 5 BHR A A (BkEE 1999) THBHD. FEHE
D _LERAACIH ST, L, $91 2Mad SHERG LIGYS Bl & 5818 &0 Bb A8
LB DS, VRO ERAFEARIRL 2Ma L D i &EZ 6B, ULIchi - TF. takahashii®
AAEIENE, $96 2~1.2MaDS00J74EM EEZ o 5.

F. takahashiiD 2 EBENIDOWTIE, 2043 EED S, difipdifil ek &L, P
AR~ EEG DT THRIE S, YY) VB XUALF v/ AOmEir I iis U, B
ICA B EF. takahashily & Do A% TKD, SRUSIEBICI OB LI ESZ oh 5.
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YY) o oERH U Bi O Fortipecten
REFFFE (LEHEAS) - Viadimir D. Khudik (Far East Geol. Inst., Russia)

Fortpecten |83 FALHE T K F3#MN. LS. Y o0 ALF ¥ Y H. 75 RADEEKL 0I5 Hl
ST Be L Ly i S OB D0, HREBEND LS EE (= i H
b - B4R, 1990) In &84k & 7z Fortipecten kuroishiensis Kotaka and Noda , 1967, 7KBHZAN(1969) (2 & b
L@ B B D &R B LB~ LIRrhH RN (= EAE: S - $RE, 1986) hoBIRENT:
Fortipecten n. sp. IRHADHTH 5,

ULINU SNETHNY V- ALTF vV ADDHHD S Fortipecten [3HE XN THEL, Al O
ST IS A ST ADT (R MHLRFYIIDOT Y S & D Fortipecten %474 Uizo 4k
BOT 7 EESHERE. IV ME, BENSY ., Fortpecten 3V M ELVBER U, £, <
#1107 HIBOT 7 EOEMI/IMETEIEINA9T) 1L D, EB B LSOHBERLED S TPt %
A & o ] s it #1010D Neogene Climatic Optimum (2% 4 3 L3N TL 3,

AR E SN 7o Fortipecten K243 1 R (AR DA TH B, /MBI GRE. 38.lmm: #&E. 36.2mm)
T, BIELC R0, BoAdimd . BB 125mmTdH 3, WTHLMEXN TR, K&, £
DEXEFI3.5mmTH b, BEITIFI2ED A ABROIINRD o, IR & D, IIIIZIZE503
EOENRONLEHNH B, o, WHIZEH . BOSEOMOR o5, ERIIFREIN TV
WS, S OEERIZHD X Fortipecten pygmaeus n. sp & iRVEY B, [ —EEHIA (3 Mizuhopecten cf.
subycssoensis (Yokoyama), Macoma (Macoma) cf. optiva (Yokoyama), Mya (Mya) cuneiformis (BShm).
Periploma (Aelga) yokoyamai Makiyama7)s, #93m_LArDfiEbE 0 13 Anadara (Anadara) hokkaidoensis
Noda, Cultellus sp., Neogenella hokkaidoensis (Nomura), Kaneharaia ausiensis (Ilyina) 78 ERE XN T 5,

Fortipecten pygmacus [ SSERAREEF. takahashii CEJIFEEF. n. sp. X D/PhE | BITH . BTy
RS TRE D, XM Fortipecten T3 iz by . Fortipecten 7 Mizuhopecten 79 & 53 THEAL U 7B
WiE. D75 &SP HTI N E TEINDITE Z LN - o, i, Fortipecten takahashii 177
~NDOBHFIIOVT, BHEESEIEIN TS EK, 1997) o 400 FeR.1d Fortipecten B0 B 812>
WTHTHETLIHDOEETBRENLAD,
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FEREEDILT 4 —P—BR, T VAR IV~ X R, BLOEKIEE
DA —AZ—BEh) b DK 7 ¥ R Eochionelasmus (Z2OWNT

WNE2 (FEKSEHRENAL AT AFRL,#—) . WA Newman (27 U v 7 AHGHEHFIREAT)

Eochionelasmus Bzt 7 4 — o —HADEGEHRAEHILL» BN EWE 7 2V Rl H O bIFIEH725)
ERHC R LTHEB LSBT, £OMAEN E ohtai Yamaguchi, 1990 TH5H, ORI LTI, ~TA
BLOS v FREOKEnOBRERICERT 57 OV REROR LRGN TH o7 Chionelasmus darwini
D TEGRTHAN, AROLZBRAM/IZREZHELAT, TR LY b S HITHEM L3 E L (Yamaguchi
& Newman 1990, Y'amaguchi 1998).

BHAYHE - A—2AF¥—BtD EPROT25S) 1 bRBOR: 2 HENBBEH EME 7 YV REBD E
paquensis Yamaguchi & Newman, 1997 BRE I h7z, BK7 VY RBSECICHEAFRIIZARB R A
AHBEIN, BAERCREFNCNZTERBEDONTHIER, 7OVRER, 77FULAAFEALT77HRADE
4WENRMSN TV - (Newman 1979, Newman & Hessler 1989, Yamaguchi & Newman 1990, Newman &
Yamaguchi 1995), E. paquensis i3 EKFHEN LD TRREINTENB T, E ohtariZl 5 BHEBHIZRR Y,
BSOS X OBROFIEOHERIT E ohtai £ 9 bk L7188 % #2 (Yamaguchi & Newman
1997), HEMEDORBK 7 OV RZEIMBRIZM LN TV, 20 EPRERIFRER»OEEZE 2D, Hil
WAL PREHM T oY RHOEHBEMEE TV B Z & %2777 (Yamaguchi & Newman 1997),

Eochionelasmus ¥, 17 4 — o —WRADMIZ N HAEHDZ VBALBLGNTT - =2 —X =T HMHDO<X
AEMLE LN, k74— —1R TUIBABLIUTIRBRD IWRANLD E ohtai DEMERZ, &
HIEREIZ B> fo &AW, AROMR/NRIROBF IR BEBAEEM TN TH DA, HEMRBOAED
b, v X ABRHOMHB/PNBROBEFIN, 7 4 —o—BLVTVDENL LOMIZEVAESHY, EOFEVEE
NHOMIZIREEN H D e 2 RET 5. I T X RBAOEMIZX LT, E ohtai manusensis Yamaguchi
& Newman, 1997 &9 #lifi4 24278 L 7= (Yamaguchi & Newman 1997),

BETINER, LTORXOENTH S,

Yamaguchi, T. and W.A. Newman (1990) A new and primitive Barnacle (Cirripedia: Balanomorpha) from
the North Fiji Basin abyssal hydrothermal field. and its evolutionary implication. Pacific Science.
44(2):135-155.

Newman, W.A. and T. Yamaguchi (1995) A new sessile barnacle (Cirripedia, Brachylepadomorpha) from
the Lau Back-Arc Basin, Tonga; first record of a living representative since the Miocene. Bulletin
Museum National d'Histoire Naturelle, 4 ser.. 17TA(3-4):221-243.

Yamaguchi, T. and W.A. Newman (1997) Eochionelasmus paquensis, new species (Cirripedia,
Balanomorpha) from 17°25'S, north of Easter Island: First record of a hydrothermal sessile barnacle
from the East Pacific Rise. Journal of Crustacean Biology, 17(3):488-496.

Yamaguchi, T. and W.A. Newman (1997) The hydrothermal vent barnacles, Fochionelasmus from the North
Fiji, Lau and Manus Basins in west Pacific. Zoosystema, 19(4):623-649.

Yamaguchi, T. (1998) Review of Chionelasmus darwini (Pilsbry, 1907) (Cirripedia; Balanomorpha): A
comparison between the Pacific and Indian Ocean Populations. Species Diversity, 3(1):117-131.
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FARLE, THODEENA S VHKIKELTAB LT EEFRLE (Ve
HAFEGSLI 7Y —va i, 20 VK-1. A9 FH4 852G 2)—2 5
X 2D ¥K-2-5.8). ooV HAHO UC BaEAALE 11040150y B.P. &, FiA4
FHABUL1, 93040y B.P. AR U7y, VY —N—%REEZET S E, ZhoDEHIL,
ThEnf 1 HEATEHTEINCER UTOREKRTH B eI E N

" EEHL B
X 1
¥,
a%,“
] T 1 T
25km . WK
L 4. °
S WK
.,. .-
L .‘
-50 L. '
o e I
: o‘.‘ . WK-2-5,8
%] 2 60 |- RER A
‘70'.,.,11...|....|....1....|..
0 1 2 7 3 4 5
18
) O(PDB)

151



