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New material of sirenian fossil from the upper Miocene of Numata-cho, Hokkaido, Japan

Hitoshi Furusawa*

Abstract New material of sirenian fossil was recognized from the upper Miocene of Numata-cho, Hokkaido,
Japan. This specimen belongs to the genus Dusisiren of the subfamily Hydrodamalinae, because of its size of

vertebrae and ribs.

Another genus of the Hydrodamalinae, Hydrodamalis spissa, has been found from the lower Pliocene of this
area before (Furusawaet al., 1990). Detailed relationship of these specimens and the evolution of North Pacific
sirenia may be clear by new specimens from this region in the future.
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Locality map of sirenian fossils (NFL11;
NFL15). Parts of the topographic map

Fig. 1.

“Ebishima” and “Ishikari Numata”, scale
1:25,000, by the Geographical Survey Insti-
tute.

1. #4 LGOS (NFL11; NFL15).
C oM, B BEEEFETO 1250001
F#EE] & TARER] o—HEHEH L.
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Fig. 2. Stratigraphic column of rock units in the in-
vestigation area. F. T. Fission Trackway
date.
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Fig.3. Sketch map of sirenian fossil (NFL11).

Abbreviations: R=right rib, L=left rib, T =thoracic vertbrae, Lu=lumbar vertebrae, S=sacral verte-

bra, Ca=caudal vertebrae.
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MAMMALIA Linnaeus, 1758
SIRENIA Illiger, 1811
DUGONGIDAE Gray, 1821
Hydrodamalinae (Palmer, 1895 [1833])
Simpson, 1932

Dusisiren Domning, 1978
Dusisiren sp.
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BHE 4 AbsHER S hs.

MaHEld, A ORKEENT (BEMEE)
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Fig. 4. Vertebrae of NFL11. Upper row: lateral view, Lower row: dorsal view.
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Fig. 5. Key to measurements of the vertebrae. 1.
total height, 2. breadth between tip of the
transverse process, 3. length of the centrum,
4. breadth of the centrum, 5. height of the
centrum, 6. height of the centrum in the
middle, 7. height of the spinal neural, 8.
length of the spinal neural in the distal, 9.
breadth of the spinal neural in the middle,
10. height of the neural canal, 11. breadth of
the neural canal, 12. height of the costal
fossa.

X5 #FHOFRIGLE.
L2, 2MREMIE, SHAR, 4HKIE,
SHEES, 6HEAIETS, 7HEES, 8.MELE
Eftnk, OMREPANE 10HAE 11LHA
18 12MREEE.

D. species B (14-12 Ma?)

D. jordani (Kellogg, 1925) (12-10 Ma)

D. dewana Takahashi, Domning and Saito,
1986 (9-8 Ma)

D. takasatensis Kobayashi, Horikawa and
Miyazaki, 1995 (6-10 Ma)

Hydrodamalis cuestae Domning, 1978 (8-2
Ma)

H. spissa Furusawa, 1988 (5-4 Ma)

H. gigas (Zimmermann, 1780) ( {2Ma)

AEADEHENR (7~9Ma) & D.takasa-
tensis DEHERICEE &N, D.dewana 28 E
5. F£f, ERKFHEHEEBEOT 2 Y ABEBREP S
FHEIN T3 H cuestae DEREREEZD—
WEEHELTVS (X8).

AR TIIAEAR E O LB AREIARES (BHE
LB DBBELCBEESh TV ARE—ZHENOER
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Table 1. Measurements of vertebrae of sirenian fos-
sil from Numata-cho. 1-12: Measuring
points, e: estimate, +: less than true value,
—: impossible to measure, *: value to as-
sume an order of ribs.

# 1. WL E OBHERHE.
1-12: $HUIGIE, e HEEME, +: KigME, —: &

RREE, *: WEONBRAEEICH W/ E.
Vertebrae
[mm]
1 2 3 4 5 6 7 8 9 10 11 12
T-a 200+ 226 - - - - 122 61 22 55 - 103

T16 296 137+ 40+ 137 118
T17 296+ 186 81 142 113
TI8 261+ 185 81 144 107
TI19 257 182 78 139 104
T20 265 184 82 139 102
T21 256 179 78 142 100 116 71 22 48 61 50
Lul 248 351 81 160 105 112 69 24 68 51
Lu2 237e 465+ 65+ 149 95+ 80+ 113 69 25 65 48
Lu3 211+ 517+ 88 150 85¢ 70e 115 68 27+ 39 60
S 225 525 85 137 98 8 103 68 18 52 37
Cal 227 444e 71 145 97 & 103 60 20 40 45
Ca2 180+ 494e - 136 74+ 56+ 99 60 17 38 43
Ca3 127+ 69+ 67+106e99 8 - - - 35 18
Ca-a 120+ 176e 57 117 8 80 21+27 12 18 25

97+ 36+ 23+ 70 108e -
118 72 27 60 60 *75
117 66 28 59 58 69
118 70 28 62 54 68
119 74 28 51 61 60

S82IZ2Y

D5, MAOHEAL TLAER (£3) 2HL
THREEITREV, ZOREIRMERSHIIT S
ZEELt
KERDEHIAH» 5 13 FNZTNOFEDIEYH
BTEBVY, BOEMEL > TVWBEED
RKES 2B EFHEE ICB VO THERE L.
gk osER (WETRIES) LEA
AR (MBEHRIME9) % Hydrodamalinae 35}
PRBLELUKT 2L, ABOFHMERISE
Dusisiren BOM AW (K9). F#, FE
DFERAEBEENT 52 BHHAOHREE (BHET
AME3) 2HEL TS, KEXOEIBEMUL
BRAERLTVS (X10).

BHEHBORE
EH

BHEOHII DLW TIhETRBEEINTVWIE
¥Ha, D.jordani (UCMP77037) = C (%) 7,
T (MaHe) 21, Lu (BEHE) 3, S (i) 1, Ca
(R #H) 32 (Domning, 1978), H.spissa
(TMNHO0001) =C7, T21, Lu3, S1, Cal3+
(Furusawa, 1988), H. gigas (TMNH0002)=C
7, T19, Lu3, S1, Ca32-34 (Kaiser, 1974)
Th5.
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Fig. 6. Ribs and thoracic vertebrae of NFL11.
X 6. NFL11DE & Mk,
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Fig. 7. Key to measurements of the rib. 1. total
length, 2. arc length, 3. distance from the
head and the tubercle, 4. cranio-caudal di-
ameter of the neck, 5. medial-lateral diame-
ter of the neck, 6. cranio-caudal diameter of
the shaft in the proximal, 7. medial-lateral
diameter of the shaft in the proximal, 8.
cranio-caudal diameter of the shaft in the
middle, 9. medial-lateral diameter of the
shaft in the middle, 10. cranio-caudal diame-
ter of the shaft in the distal, 11. medial-
lateral diameter of the shaft in the distal.

B7. BiEOFNGE.
12K, 2i&, 3ENEEH-WEREIGMERE, 4
WESEHER, SHMESNANME, 6MhE@Eo
HER, THBEEONNE, MEB#HPAO
R, 9MBEhiorNAR, 10.EEELM
OHER, 11LWEERRERMOAAE

H. spissa #HlicaHt O RMEB 2R &, 81
~EE11 keI B & o BIETE o3 1 Sk A Uk
OREEER & HEENARIC ORIBIETE & & Ui
(KRG HA OBBETED SESHEAICRoN 5.
LU, %59 MHELIFE, RIBIETTE B BE
BECBEHT I TRACEBDL, B2
HELIRE I3RS BB & RPAETE D 2 AR 5.
% o, RBATE AR R D SR 2 ICHEE DTN
B L, REcCEBEREOLEGNORNMSE A
Bz L b » THEBE A RBETE IR~ 108

FOSSILS 60 (1996)

Measurements of ribs of sirenian fossil
from Numata-cho. 1 -11: Measuring
points, e: estimate, +: less than true value,
—: impossible to measure, *: value to as-
sume an order of ribs.

HEEEA LR OB ERHRIE.
1-11: FHAIGLE, e HEEM, +: KiEME —: &
RIREE, *: MBONERAFE AV 7 fE.

Table 2.

*

]

Ribs
fmm]

1 2 3 4 5 6 7 8 9 10 11
L12 714+ 950+ 115 36 58 59 37 63 36 42 29
L13 716+ 915+ - - - 61 34 62 33 39 30
L14 710+ 890+ 108 34 58 62 34 71 32 44 28
L15 395+ 470+ 96 34 58 62 32 66 30 - -
L16 610+ 850e 89 34 59 70 32 65 28 40 29
L17 559+ 730e *77 33 59 69 32 64 29 41 29
L18 496+ 520+ - - - - - 59 29 34 26
L19 384+ 390+ - - - - - - - 34 24
L20 274+ 280+ - - - - - 37 24
L21 152+ 150+ - - - - 32 19
R14 583+ 750+ 94 30 58 34 70 28 - -
R15 464+ 575+ 90 34 64 33 68 30 - -

R16 660+ 795+ 87 28 62 29 60 32 46 24
R17 700+ 870+ *78e 40 66 34 69 28 34 27
RI8 735+ 825+ - - - 59 35 64 29 36 26
R19 610+ 700+ - 63 37 59 33 37 24
R20 136+ 136+ 52 42 42 67 30 - - - -

IR

D&, FIRHLIBRRIWAENOEDKETL 1
BMoME®EELTE2A MM i3
(Furusawa, 1988). £/, Z Ol IT D.
jordani ICBW T HREIBFICEE SN 3.
AERcBOVTIE, MEEieTICELTRAESN
foBHEHES (T-a) AN 3 o BEETE S8
BINBIEDD, TOMMHERSE 1 ~E11IH
OVWFN,LTHY, BEETL CEHL RV
NHBEFIEN—>TH B LD, F16HgHELL
BobolHrcz s, #kid 5 6 EoMto
SHLERANMLOMIHEZ 16 & 9 5 EREER
E2MMEE TR, T, AEAROEHER (7-
9Ma) 28A TEHT % D.jordani & H. spissa
Qﬂﬁ]tﬁ@iﬁwi‘b\ﬁ”n bIETHB T EM DD,
AEROKIHE G 21EHTH 3 LHEE L 72,
W1~ 3ERH, BXUTOERMICEST S
ke, %1 BH~FSREBHIC» T TId, BEE
DEHEPHAEDOKRZ ST E, 2ERORKIE—ED
BHEOTREBICHRI BT S L bT T
NOIEMAEREELY. a7 oy 7 h o0 LTH
RaniBHicovwTid, ZoRRPREEDLS
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Northwest Pacific Northeast Pacific
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Fig. 8. Age of the hydrodamalinae in the North Pa-
cific Ocean.

K 8. JtAEE®D Hydrodamalinae HfIEE AR,

HIRBHOBERORH L IEISNT, BHO
B bBEEENEZEZ SNBZ I EMSIEMNZEEL
TE 4 BHELIR ORAIEHE (Ca-a) & L7,
k=]

Bhg oMok — T 5. BrEEETIHEAED
HEIEEE, BB HIIHEER DR » B
BLHEHITAI LM S, HEDOKIKEMNEIBE
LCH#ET 2. 2B CHBolEM=ERE L.
TRbL, HEWEEOES (BHEHIMEL2)
LB B ShEREEE cOME (a6

&3) DEN—KT 2 ORS L E ONEM
ELTHELL., AERDOES, BITHRHEODE
BRE-BTEELAOMBEEZEITHIEEL, B
BEHRIGLE 3 DB NAKRE 33 & 5 I NELL % FEE
Lic (&1, £2). 38, WEFTRIME3 OARH
BB SO TRMBESBAICITIC Lt -
TRE 2 E/MARAEREEIHE L /.

EbhYIC

FERIEREO—HER T ATLRIEELRD
wic, B EFHOLERL SHEESNBEEOK
% Xk - T Dusisiren BIcHEEINB E VI
D iF»ic, Hydrodamalinae £fE & DE THE
ML srEOKITE Lo, L L, [
—HiRic B VW TE—RHERDORE 2 2BDOHES
HLABZER S NICBHED» 5 id, 5% X 0FHE
RAEEZRREICT A BEANFER SN, LXK
SEEICER L B O « RS MICE
NHIEBHRFTE B,

#H W

FAEHEOME—HK, MEFEBKICIELRLH
ool E, BEHPEROLTRKICIIERORE
fEWFPWTHEOKALEE L TW Wi,
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Table 3. Specimens of the Hydrodamalinae.

% 3. H#&IcA W7 Hydrodamalinae T} D24,

Classification Specimen Reference

Dusisiren jordani UCMP77037, old adult Domning, D.P. (1978)

D. dewana YPMG662-749, adult Takahashi et al., (1986)

Hydrodamalis cuestae UCMP86433, immature Domning,D.P. (1978)

H. spissa TMNHO0001, adult Furusawa, H. (1988)
H. gigas TMNHO0002, adult Furusawa, H. (1983)
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Fig. 9. Scatter diagram of medial-lateral diameter and cranio-caudal diameter of the rib in the middle in the
Hydrodamalinae.

X 9. Hydrodamalinae BRI&EOMB&DALIC B 3ERE L AAROFHRIBED .
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(mm) a: Dusisiren jordani (UCMP77037)
u:D. dewana (YPM662-749)
o: D. sp. (NFL11, this study)
1500t a: Hydrodamalis spissa (TMNH0001)
0: H. cuestae (UCMP86433)
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Fig.10. Scatter diagram of length of the centrum in the hydrodamalinae.
T =thoracic vertbrae, Lu=lumbar vertebrae, S=sacral vertebra.
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Chemosynthetic benthic communities in the subduction zones: past, present and future
of Calyptogena communities in Sagami Bay-The purpose of the symposium
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MBIRE DL AAHTHOKEKIBICES REBIELE &
{EZERMIIREHYHEDRIE
AREBRES * « BITHOL " « RIGEE " « BoofIE""""

Environmental conditions of carbonates and chemosynthetic animal
communities associated with cold seepage zones along the subduction zone in
Sagami Bay, central Japan

Mutsuo Hattori*, Yasumitsu Kanie**, Tadamichi Oba*** and Kazumi Akimoto****

Abstract Methane (biogenic)-rich cold seepage zones are distributed along the N-S trend active fault off
Hatsushima Island and NW-SE trend active fault along the foot of Okinoyama Bank Chain in the western and
central parts of Sagami Bay, the depth ranging from about 800 m to 1450 m. The Philippine Sea Plate is sub-
siding beneath the North American Plate and Izu Peninsula along those active faults. Chemosynthetic animal
communities and carbonates are widely distributed along the cold seepage zones. The & *C and 6 '®0O values
of carbonates range from —27 to —38% vs PDB and from 3.24 to 6.42%, vs PDB respectively. The
CaCO; and MgCO; contents of carbonates range from 34 to 89% and from 13 to 16% respectively. The “C
ages of two Calyptogena shells included in carbonates are 9710+100 and 37020%£1060 yBP.

High temperatures as much as 11.5°C of bottom sediments about 20 cm below the bottom surface were
observed at the reddish brown colored bacteria mat area, whereas the temperature of bottom water is around
3°C. Temperatures of the bottom sediments about 20 cm below bottom surface in Calyptogena communities are
at about 2 to 3°C higher than the temperature of bottom surface water.

It is clarified that the environmental conditions of the reddish brown colored area and the area of
Calyptogena communities differ in temperature, texture, pH, oxygen contents of bottom sediments, composi-
tion of carbonates and combination of chemosynthetic animals.
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(Okutani and Egawa, 1985). # D%, #IEM YavickB) T4 LEENBBI NI,
vou ) A4 BEENRE LRATESTON, REBEHOERBICOGT 5 C L oMEE s, o
/BT v EE LR 2B+ / {LED

“WEPERIS B €~ ¥ — Japan Marine Science ~ WIAED SHEZOEEE SHLMcEhD20H

and Technology Center, Natsushima, Yokosuka 237 2

CREETEAREYIAE  Yokosuka City Museum, ) . }
Yokosuka 238 EH5FR, BELRETIERTHEEELS
U"‘it?ﬁiék%k%l&"‘ﬁﬂﬂﬁ? s BB FFR  Hokkaido NA3WEK - HEEY) - REBESEOWE S5 129,

niversity, Sapporo 060 20w 4T ¢ PEU
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Junior College, Shikatsu-cho, Aichi Pref., 481.
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Fig. 1.

Calyptogena communities.

Index map and contour map of Sagami Bay showing localities of
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Fig. 2. Distribution of Calyptogena communities and carbonates around Real Time Deep Sea Floor Observa-
tory.
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Fig. 3. Plot of §'C vs 6'0 values of Calyptogena shells and carbonates from

Sagami Bay and Nankai Trough.
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Fig. 4. Cold seepage environment of off Hatsushima Island area, Sagami Bay.
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The distribution and phylogenies of the species of genus Calyptogena
and those of vestimentiferans in the Sagami Trough and the Nankai Trough

Shigeaki Kojima*, Suguru Ohta* and Jun Hashimoto**

Abstract The phylogenies of species of the genus Calyptogena and vestimentiferans collected from the seep
areas in the Sagami Trough and the Nankai Trough were analyzed on the basis of partial nucleotide sequences
of mitochondrial DNA. The geographical distribution of Calyptogena was generally narrow and many endemic
species were sampled from single sites. In contrast, species of vestimentiferan were distributed over wider
geographical ranges and their dispersion was tend to be limitted by water depth rather than by horizontal
distances. Difference of distribution pattern between two groups is thought to be attributed to the difference

in the larval dispersive ability.
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X 1. #HEZE o9 ) 1 Calyptogena soyoae D 2 ¥ 4 7
Two types of Calyptogena soyoae collected in the Sagami Bay.

Fig. 1.

FIEVWEEZEZ ONTOVS, Licd-> TH L WEREE
WEE U 7o BTSRRI A © LB S5 i R
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2. BEfE b 5 71200m TEES NI 2FED % ) & ¥ Lamellibrachia sp. (A) & Escarpia? sp. (B)

Fig. 2. Two species of vestimentiferans collected at the depth of 1200m in the Nankai
Trough, Lamellibrachi sp. (A) and Escarpia? sp. (B)
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Elemental distributions in the tubes of modern vestimentiferan
worms, and carbonate formation in their habitats

Takeshi Naganuma*, Mutsuo Hattoti**, Jun Hashimoto** and Yasumitsu Kanie***

Abstract Tubes of living vestimentiferan worms were collected from a deep-sea cold seep and a submarine
volcanic vent. Both habitats were characterized as chemically reductive conditions with high concentrations
of hydrogen sulfide and methane. The cold seep site was also characterized by the formation of carbonate
rocks such as high-magnesium calcite, to which vestimentiferan tubeworms anchored. Magnesium and cal-
cium were concentrated on the surfaces of worm tubes, as revealed by the electron-probe X-ray microanalysis
on the worm tube cross-sections. Iron, phosphorus and other minor elements were present mostly on the sur-
faces, but the distributional patterns were different from those of magnesium and calcium. Only sulfur accu-
mulated inside of the tube material. The elemental distributions may be explained by the coupled processes of
methane oxidation, sulfate reduction (=sulfide formation) and carbonate formationn, in the tubeworm habi-
tats or in the tubeworm tissues.
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3K BH 2R RB 4 % (Kulm and Suess,
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XMA mapping: Sulfur XMA mapping: Calcium

° No. 1 ‘.

Off-Hatsushima (Thick)

S = 58 um

! ' ! | ' ' ! ' |

Off-Hatsushima (Thin)

Kagoshima Bay

1. EFFo-—T7 X4 707+) YRICLBN L) LV EERBTOLE< Y EV 7.
Fig. 1. Elemental mappings on the cross-sections of vestimentiferan worm tubes, by the electron-probe X-ray
microanalysis (XMA).
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Table 1. Distribution of elements in cross-sections of vestimentiferan worm tubes.
Off-Hatsushima "Thick"-type Off-Hatsushima "Thin"-type Kagoshima Bay "Thin"-type
Element |Outer surface tu{;::s:::t:; al Inner surface|Outer surface tuas::?:t:éal Inner surface|Outer surface m{;s:::t:r:'al Inner surface

S - +++ - - +++ - +++ -

Ca +++ - + ++ - ++ + - ++
Mg ++ - + + - + + - +
Fe ++ - - +++ - + ++ - +
Zn + - + + - + - - +

P + - ++ + - +++ - - ++
Cu + - - + - ++ - - -
Pb - - - - - - - - -

NFYLVEOEEWEICEIIETRY Y EVYT

NEY LVEEEDRF Y REE BIXE R
7 4w 7 R) K, EMTRORA 2EER -
WL, RECRZEEEL TLHE~y EVIOR
BE L Likd-1T, ZBEORFE (O D4t
BTEBWI &I E, ~NA Y LvEBERFFY
B LiRE Y v 8 (scleroprotein) o & HEAK
&h (Brusca and Brusca, 1990), REMSEE
TETHBIEBHASHLEBOT, REDT Y EY
7R HZTITHLEIIRIED,

TETyEVIR, BF -7 X~ A7
o7+ 744 — (BARETIXA8900RE) %H
WTiT-o 7o, 9, ARELAE%156-20kV TH
S LTEET A TRBEERRL, Kic, £EH
WHEicBIF B TERyEVv 7% S Mg+Ca-Fe-
Zn+*PeCu*PbD8ITLFEICOVWTIT-T. T
SONNHERIE, XAy v VEEEEDET
FRLEDOT, ¥EEMBLODELTHDLNS
(&1).

KEmLEONH TR, FoEBEAETSS
DEELBEE -7, Na*CleMge+Ca*K7«&
EHBLBEELTOAY, ThRf[EEKEEKE
2603, ThiclhNTSOEER, #BKD
{LFHSR D S FRENZBL O DR SEELD
T, HoritEE~NDBREEION S,

HEENDSBRETE~y EV 2o b5
hTho7c (LK), ABEICRONZ SH
HERKERZ SETEREICES S AMT 21T/

s, EBICIEEONEICSBEICFELEL TV
IhiE, EEBRE SHUAS THE L THTL
kl&ERET S, EEEKE SERFOBRI
HohTIEHREOVD, B85, £EEHKT R
[y vy By RFAVvRAFA=VIEES
2EUT I/ BUEETS L bMRTEEED
na K1oggEm KB CERBBED N
) svTlR, £EROPETS OFEENR
PBLTVBRESICRA B, Thi3RE - FAo
BETELLEBRICSBAHELE VWD TH 5.

SUAD T HONTHIIEEONMIERRS L U
HRRIEHEIBEOTEY W21 © Ca), ff
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“Cold seepage” in Sagami Bay

Toshiyuki Masuzawa*

Abstract Pore water samples were collected with an in situ pore water squeezer for a submersible (ISPS-S)
by the submersible Shinkai 2000 from a Calyptogena patch in the largest living Calyptogena community at the
Hatsushima site (34° 59.9'N, 139° 13.6'E; 1146m deep) in western Sagami Bay, Japan. Sulfate decreased re-
markably below 9 cm depth and showed very low minimum values between ca. 20 and 40 cm depth. Inversely,
hydrogen sulfide increased significantly below 9 cm depth and showed a very high maximum value of 13.8
mM at 36 cm depth. DIC increased remarkably with hydrogen sulfide, and its 6 '*C values decreased remarka-
bly to less than —40%. These indicate that microbial sulfate reduction using methane as the reductant pro-
ceeds actively at depths of ca. 20 to 40 cm below the sediment water interface just beneath the living giant
clams. Based on chemical and isotopic data of pore waters, geochemical situations of the Calyptogena commu-

nities at the Hatsushima site have been discussed.
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DO FICHERERBELEL TVAET, LBEobE
RERHRELH > EEL OND, FREUKZER s th
RGEPTFNBRZTOFEO <7< LiKEDK
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ZARMICHRTEZ LI BEKOEEIENT
B, FhzOBEMEFNEREIHITDEIC
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R TH 5100, EYBENHERYRBRKO(LE

‘& H B K¥E KK KEM ¥ A Institute for
Hydrospheric-Atmospheric Sciences, Nagoya Uni-
versity, Chikusa-ku, Nagoya 464-01

19954E11 248544, 1996%E 4 A 2 B=H

AR & FALAHRR B & U2 0 5 DB 1L,
“BBKEYBHEELZITVAYE E 7 OB
BEHO»ICT 5 L TR OEENIERES A,

19844EiC TLADW2000] 12k 0 W1 B TE
Broy ) FABENRRINTLUR, TLAD
12000] ® [FL7 4 v 3K] BmEICXB%L
DOEBAEDHR, HEZDKET00-1300m i
b8 R TEBED o ) #4 BEMNE
WitEhTwa (H - B4, 1991). FH Lt
EHFFE S 13, 19864ELLK LA A 112000 i
OB THASNLEREED Yoy ) #4
BEADOYow Y 45y 7T, BUSRRKHH
B (ISPS-S) 2 &I & B RBR/K DHRLE & (b2
kB L ORI EHHR D RE S & £ DEB OB
BET->TW3, ARETR, Iho0RBEDOHE
LEROWMBEAR~NSE, 2 LT, HicWE Gk
{bL3) OIEH S I T bbb - TRHb
Do TVWRLBIEDOVWTERT 5.
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Fig. 1. Expanded view of the largest Calyptogena community at the Hatsushima site. The solid hexagon shows
the Calyptogena patch where pore water samples were collected with ISPS-S during Dives 521, 593,
and 720 as well as with a weight-driven corer during Dive 380.
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wBEROo - P AREKBEZKE L. 19894
25 id, HENHEREDO L0 EVREBKE BEEF
£4 52 EEEHNE L THEKATMAZUISMEK
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HHEIE LTD380&[E Lty F THEL21 B
(D521; 19904E11 1), #593##i (D593; 1991
F128), F720%H (D720; 1993F118) &
K OETT4HML (DT74; 19944E118) TRIBRK
OBRGH 1T (Fig. 1), D593 THI¥H TO-
45cm D4 6 BT OB OB ICEII L (34
B3, 1993).

[LADV2000] 284 5oL %] KBl
% ISPS-S » SRk 2EUX L, BALZERRS G
U7 RENEE LSE L TERZICRELRED, 1t
Forir s L CRIGEMT I L, RIE L 2o qb
TEH, Cl,S0s, H:S,POs, SiO:, NHs, Na, Mg, Ca,
K,Mn & DIC (/AGMEMEERK) & DIC DK%
RERLEL (67°C) EMGHERFZEE (AMC)
BLU SO & H.S OBBELEERMLIAL (65%S)
TH 3 (Masuzawa et al., 1992, 1995a, 1995b;
B3/, 1995).

w R

X 2 12 D593 & D720 T ISPS-S ic & » R & &
Nk D 11224 D B & 0-45cm D 87
B4R d. D3BODEM T 7 T3 2 TH I
D14-156cm T SO4 EE 139.6mmol/kg T, H.S
BE130.33mmol/kg TH Y, »* 7 v A2BLHI&
THAWAYNRBETHSEETVWE Yoy ) 4
OETFTTHTLTWVWE I E%RL TV, ISPS-
S OFEF SO, MBS 9cm A 5 18cm T2
ICBESED L, BEE#20-40cm T 2 mmol/kg
bLARERZNUTE VI BMEER LI, Thic
SHE LT HSEEIZ 9cm » 5 18cm TR I 1
AL # & 36cm Tl39.0mmol/kg (D593) ¥ & O
13.8mmol/kg (D720) &5 &b TE O EE DS
Billlshic, ThonfER» S, MAYPIRERE
TEDOEI > TOVBRESH, EETWbHBYyoo ) h
A BT OHERYRAELT#20-40cm TH 5 T &
DEES N,
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Mgk to DICBL O DICD 6°C & A“C D
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BinL, #heEsdbic SRCHELLEALT
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LTWBIZEDBHSHITE T, 61T, AMC
BdEHELLHLDL DEISOEX18cm B LU
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D720D354 T3 SO BL Y H.SH&E b §%S
312 1E K DME (+20%) 2R L, ELLES B
BREALEEDONLV, RIGEENKELKLS
B EHHIERAES BRSNS K125 T Eh D,
CNRRBRELEROE(LERT D EEZI LN
3,

E B

1984EDHIEHTO Yoy ) H 4 BHEORKE
PIRIOCESEBRL, ChETHENTREEE
FUHRSFTOZ L DAL, MEHSTONTE
7z (Bl 2L, Sakai et al, 1987; Hashimoto
et al, 1989). 19904E11 8 OES12BHi TR 4 »
FEERE L TV AEEDIF200m TEFEBE
igsFER s N, oI TORIE IZH10°C &
Ehots (K1; fidh, 1991). COEREE
IR T19924E11 A D EE 6598 M TEAK M HER &
n, ET21#MH (1993%E118) B L OETT48M
(1994411 8) TREBASFES N, {LFEHFHS
Ttz (Tsunogai et al., 1996). 19934 3 H
i oBEFROEBBOREICHET 2 oy )4
A HECFEBRR 7 — v a vERBES O

WESHEOBEREEET 3 BN T, HBR{LE
WIS SRIEMERY o v ) 74 BHEICHET 3
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Fig. 2. Vertical profiles of nine chemical components in pore waters collected with ISPS-S during Dive 593
(solid circle) and Dive 720 (open circle) within a Calyptogena patch in the largest Calyptogena com-
munity at the Hatsushima site (Masuzawa et al., 1995a).
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3. [LA»V2000] ©%380,

@ SO, H.S,DIC & DIC®D 63C & A“C D#ESF (Masuzawa et al., 1995b).

521, 593, 720 CHEBFIEHRDO Yo v ) 4 /%y F TEREI WK D

Fig.3. Vertical profiles of sulfate (SO.) and hydrogen sulfide (H.S), dissolved inorganic carbon (DIC) and
6 °C and A™C of DIC in pore waters collected with ISPS-S from a Calyptogena patch in the largest
Calyptogena community at the Hatsushima site during Dives 521 (November 14, 1990), 5693 (Decem-
ber 2, 1991), and 720 (November 26, 1993) of the submersible Shinkai 2000. At the uppermost are
shown those for pore waters extracted from a weight-driven core collected at the same Calyptogena
patch during Dive 380. (Masuzawa et al., 1995b).
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Living and fossil benthic foraminiferal assemblages co-occurred with the
Calyptogena communities (1)
—Depth distribution of benthic foraminifera in the sediments of the off
Hatsushima living Calyptogena community

Kazumi Akimoto*, Tomoe Saji*, Reiko Tsutsumi* and Ena Yoshihara*

Abstract This report discusses the relationship between benthic foraminiferal species and the chemical char-
acter of the bottom and interstitial waters in the habitat of the Calyptogena community (139° 13.6'E, 34° 59.
9'N, 1160 m in water depth) off Hatsushima Island of Sagami Bay. Thirty one sediment samples, which were
reported the chemical characters of the interstitial water by Masuzawa et al. (1992), are used for this benthic

foraminiferal analysis.

Four species such as Bulimina aculeata, Bulimina striata, Cibicidoides mediocris and Rutherfordoides cornuta
abundantly occur in those samples. Distribution patterns of these four species are dipcited through the Q-mode
factor anaysis. Those of B. striata and R. cornuta are closely related with the metane contents of the bottom

water. B. striata is considred to be tolelant of high hydrogen sulfide conditions.
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EBEED X Y v ESUREKICERCERLT
HERT2ERAFFLEROAEE, MERRDOKIKE
HEREORITICKETH 3. FIEEEHFY oYY
TABESHR TR, BEKICK > THRERE
OKiE, 5y, » % vEBE, BKRBESLU
pH 2 &) MEFFMICE L ELT 3 (Masu-
zawaet al, 1992), LHLIEHAS, F—DEE
A O TRARER LR & BEKE OBRE
B LoD, NRTIR, vov))
HABENMBICB VT, ERBKS X CRHEBRKD
LR 2 EHI L e BEh o EARALOER 05
MAEBESHITL, 9 LILFRS & OBRESR
T 3.

‘2 E B BEEEAS: Nagoya Jiyu Gakuin Junior
College, Shikatsu-cho, Nishikasugai-gun, 481, Aichi
Prefecture
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Masuzawa et al. (1992) &, FEEEH
Calyptogena B EA IR, (Jb#34° 59.9N, HEZ
139° 13.6'E, /KE1160m) 08 (D227-120
B LU D380) 755U EL L AMl (D227~
202) 25 3REHEREL, BElcmEBO
MBIk D LERDEAR LTS, S5, EE
HEOARBELOKRBKD* & VEEICOWVWT
DO (BH1Eh, 1987; Sakai et al., 1987; #
A e EHE, 1989) 75 5 NI REBRIK D BRIk
B, BAEAR - BRREBLUEZRIIOVTO
s (BB« EH, 1987, 1989) 2H 5. <
Tid, Yoo ) MM HEEBIRTORRER ST
B DILERR SIS W THEN T 3.

ERKD» v vEER, Yov ) 40t
(UTF, av==LtE89) BR S50 3 D227-120
KBWTHEER» S 5em & T 7400nl/ kg,
150cm k£ ©2500nl/kg ©&% b (Sakai et al.,
1987), D380 T (3 IEEHIE I T F98500n1/kg,
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B AK14790nl/kg TH 5 (4 » HH, 1989).
Jo=——DARITIBEEOHEKD A ¥ VBE LI
BERILTH b, 50, 5100nl/kg TH 5
(Gamo et al., 1988).
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L LEdss, D227-120CREET N,

ER/KDOEZEIZ, 5387\ L540mM/kg T
b5, ao=—0AAlicsVT, BEEKIZHEKE
BIUERETHD, HEZLLIEVL, ao=—-K
B (D227-120% & U D380) Iz &) B EkKk D
ERER, FeLEdbitgd L, ELEoERKIC
HREEERTUB LU 3I%EY (Masuzawa
et al, 1992),

Jo=—REDEE/KD pH &, 7.28 (Fk .
BH, 1989) BLUT2 (B, KRAK) THA5.
e N 5 7 O/KE1200m IZ BT B KD pH i
78T% 5% (Akimoto, 1990) T &hs, ap=—
B EDEEKEE DMK K fHEcE v,

ARKKER, D3BOELOEEKIcEWT
0.56mM/kg, BERT1.93mM/kg TH b, E
Bhbi3E—ETH 5. D27-120icB WV T,
#&1.5~3cm T3.14mM/kg, #E& 6 ~75cm
T7.63mM/kg & &M 5. —F, D227-202T
i3, BEmT263mM/kg, & 1~2cm T
3.34mM/kg, T#E &A1, 12~135cm T
132.95mM/kg Th 5. FHEIKFZE I, D227-
120ic BV TIEFE ICE WA, D380 T it D227~
202& D{EL,

EHE 3, D227-2020# &12~13.5cm D f@#E
ZRrE, hisw LK TH 3.

BHEEOSH

Masuzawa et al. (1992) Tk > TES1/31
EERE B %2504 v ¥ 2 (FL£20.063mm)
DEFEETKEL, Bonic2BE®E (1 £) »
SIEREIC10mI L, ZOHBRERD» S YV b
OLEREABE L. BREL A TREIXL, 80
CICHE L - BKCRLES I TRk, EB%
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Rt BREEEBENOZRERICESVT, &
WREKOLERBEB LUSREEERDL. &5
i<, BRAFLE0.125mm OFRIC THEEL, WIR
EIAGRMEE T THNET S0 O 2RE LR L /2.
LBk gmEta s EEER & X
SL, EXEELHRIWTHE - FAELL.

FELZI66ED S B, LWFnhroHEIcs L
TEHK# (0.05) 2HBA 2462 HELER
LHMTL, HEW g (RER) Y/ offik
BB L, BB LR, EKoRkT
1028 % % 4 & (Bulimina aculeata, Bulimina
striata, Cibicidoides mediocris 8 X ' Ruther-
fordoides cornuta) DEREZBRST LI (M1 Bk
v2).

vay ) A4 BESHRIRAN T D Rutherfor-
doides cornuta 13, D227-120TREBXBETH
&< (241K, B 1.5cm TaK (13 %)
L, #&6cm $THEY S, D3BOTIHES 1
cm ¥ TCORKICDA b BKEST . —FH, HE
SEEA (D227-202) 2B\ T}, X 8cm
I CTEEHTH 5. R. cornuta DEEES X U8
BREERCTRATHY, BEMEF TARKYT 3
(K1). Thid, %7 Rutherfordoides
mexicanus D475 (Nishi, 1992) & BT 5.
R.cornuta b3, Yoo ) #4 BEEREBRNOERE
K-> TEET &0 5, DHBZOBMICE
JAE EOEBKCEEINGLEELOND. &
B SNy oy ) A BEERBRICBT 5K
BoEHSE X, Akimoto et al. (1994) LEER
EFBELIEV, £/, JLE (1989) ik hid,
Fursenkoina rotundata (ZEZ D Rutherfordoides
cornuta E[E—) &, HHEZMH/ LHEOBTRIE
EEFLBESEL MK D22~52% % 5 54, #
Wh s 78 Tld4~6%TH B, M/ LD
B/ vy oy ) A 3o = - HER
T3 (Hp &K, 1991) T&Mo5d, [Hoo
= — & R.cornuta D5 & OERE BB ER
Fons,

Bulimina striata &, D227-120ic 8\ THIE
HOES 6cm F TIRIF—E (22~27fK) TH
h, B&75cm TAR (12fE{#E) 754, &&
BTBHED30% LI EA2E»H 3 (K1), D38OT
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Distribution of B. aculeata
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Distribution of C. mediocris
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2. Bulimina aculeata # X U Cibicidoides mediocris D& E & OSEEE DB H75.

13, BERD»SES 3cm £ TOMEEEIE 9~17
THYH, 4dcmUETHEDT 25, HEREIC
20%L ETHB. —F, D227-202icBW\WT I,
H&105cm OFE (19@{E; 14%) %K% 8 M
LT THY, FEHEYL., 20=—NHATDH
EoELWVWERIE, Akimoto et al. (1994) OFE
Br—d4 5, F1, Nishi(1992) BXUILE
(1989) i3, AEAMEHDZVIFEEL LT
5. Lid-T, ARRIYIEREERDOI 0 =— T

B-TEETS. &5i1T, HLEL ks
——NMOEZBRICEDSNDE T EMS, AFED
Sfhia o = —NERDRBKICBIRT 2 LHE S
na.

Bulimina aculeata '3, D227-120D 2 & ¥
(FBEB3~4cmBLUE~Tcm) KBWT, &L
TG BEEDOL11%) BLU8 MK (14%) E
4 5. D380TIF, #HE 5cm F TORFAKH»
5>3~6MHiE (7~11%) EtHdT s (K2).
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2o = —HEOERKIIOMICEER LW & Ek
INh5, HEEBICBY 2 5BOREES IEER
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/g T % (Nishi, 1992). Nishi (1992) icH.
~, SEIOMEEBIZE L Dinss, ERIZEM
F 5. B.aculeata DEEHBFE L, 12~16% (IR
b 7ERR), 4~8% (/L) THY,
S OHIRZES DIV (JLE, 1989). b D
EnHd, AEOERMNY oY ) 74 HECE
EBOERBKICHEBINTWS & REDIML,
Cibicidoides mediocris {2, D227-120ic BV
TIIERME F4.5cm DK D04 3 Hix (5%) B
42 (X2). D38BT IIHBIERT 3cm
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EE3ecmBLU 9cem i 5FE (7%~17%)
%, 105cm ic12ff{& (8%) ZEHL, ETFO
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DA IRERBKD 2 WIZRBUKICEES NIV,

ZEBOAHERFT BLFEMS

Bulimina striata 3 X U Rutherfordoides
cornuta DHHICBAE T 2{LER S = RET 5 /-
»iz, Q- FRFHTE (ERFE )<y
g RAEE) KT L., BRER1gH O
MEAFcmE L /.46, 2258 (BEICLOLR
BHABASI0LITFIT 2 » 72 9 BRI BRAL) %=
XHE L, SPSSHE 70 /5 s 2HVWTEHE
L, B2lFE THRINT 5 &L TLOHMD81.3%
ZEEA L 72,

05& D REVEIRTFRENER, vav s
A1ao=—-H£BBROAIEDLNSE (K 3).
CoTEMS, BEIRFIRIv=-AHNHLOER
KIS 5 DI HIBR/K DERST ICBATR S 5 LHEE S 5.
a0 =-RNEFELOEBKICIE, EFLLSEED
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fo. D227-120k BV CHRIFAERMER, 3EF—F
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-1200C P REL, BEEL EDIT/NE LB,
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o= =4l (D227-202) DIFEALDOHR (F
&9.5-10.5cm OFEKZER <) TRD S (K
3). oL, KTFAMEBLEEBLIUART S
B, FBKOMILKFREEDOZh S &E—HT
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KEBEARBRLTWLS LR,
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SMMITTE - 7z,
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REME

Bulimina striata ® BELIZ & 35345 5, hiiR
OfpMbek, Bt~ v H v, FibESH (EE1 1)
BLURBKR Y v 4 (EEIOL) », #kaico
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nNaZEdbds (Gamo et al, 1988) T b
5%, B.striata DRI ZELELETV. BE
DELBIMRNICRES NS L5, HERY
Ptk 2HSBN FERERICER LI EEBEX
W, vau Y A4 ckBEOESLEN B
striata WEET 5 &3, AEOREH 2 5 v
B & B LK R LB L AR I IKE T
52 L%xxR-MeT B. —7K, Bstriata B LU
Rutherfordoides cornuta H3 8 & U THIE % B H
Lz EIRET 5 &, v uw 4 BEE RISl
THEESRERZETTHE. LLLEMS, Z
DR THREBCHEBICERLSEST L (K,
1994). soic, EEFAEOMCHENRER
&7z (Bernhard, 1992) T &p b, WED
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Varimax loadings for each of first two factors
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Benthic foraminifera associated with cold seepages: Discussion of
their faunal characteristics and adaptations

Hiroshi Kitazato*

Abstract Faunal characteristics and adaptations of benthic foraminifera associated with cold seepages are
discussed. A few species are known from cold seepages where an anoxic environment was produced due to
methane or hydrogen sulfide gas. Neither of the two species in Sagami Bay is endemic to the seepages: one is
common even in oxic bottom, and the other is present in anoxic microenvironments below the surface oxic
layer.

There are two possibe explanations for the survival of benthic foraminifera in anoxic/euxinic cold seepage
environments. First, some foraminifera may be able to tolerate anoxic environments, using anaerobic respira-
tion system. However, in this case, the foraminiferal tests should dissolve due to organic acids produced during
anaerobic respiration. Second, foraminifera may be in symbiosis with sulfide oxidizing bacteria. Larger
chemosynthetic animals house sulfide oxidizing bacteria. It is possible that foraminifera can also house bacte-
ria in their cells, although up to the present time few foraminifera have been reported to have such bacteria.
Of the two ideas, I believe the second is more likely to be true, and in this contribution I explore the possibility

of sulfide oxidizing bacterial symbionts in cold seepage foraminifera.

[FLoic

WBEHEAYAERERICE, KBxAVvF-—iHEL
L7cb D ELEARME L ER LT 5 b O0EE
35 (KH, 1987). BRICEA LKL HIE
BETR, KBz iVF—2HEBE T 3HEEN
XELTWS, 1HEARBTH->TD, EWHE
HRETHEMT S v b v AR ET B LI
F o THELLEBYSIELLbOEHELT
VWBDT, KB R VF—2EBE LEERIC
FELTVwE, —7%, BukdsVWEBREKDOLS
KRR IC AR s ER & Lk
BRI EET 5. 2ICERT 3EY 0L B
b7k KRB LB D L SRR BN SR BME & Ak &

* ¥ MRS B B i BR F) 2 #E Institute of Geosci-
ences, Shizuoka University, 836 Oya, Shizuoka 422
1995411 H24 B 5f4, 19964 4 A 2 HXZE

HTW5, i, BukddVIREBEKEET S
Ny 7Y TRRBOEEEWEST B NI T )Ty
FEERT 2EE B, YovYLsq, ~t)
LVIEEE &I LEAREFEEBRL TV 3,
Bukd 5V IBEKOREIC S, TBOBESE
FEIRICEFLBESER L TV S, {LEAKREEIC
H-oTHMT2ELRE, C0L5EEHENES S
DEAIP? ZNOHIF, KBAEY ERIFRIC, L
AREHA KRB ICKEL TVWADTHA I H?
FHEEELT, FEMICBH TS0 2 5 Vo5
{LKEEEBALEKIE-T, YouYyH4%2FE
K& L bFEaBE%E (chemosynthetic com-
munity) »fEfE L (Okutani and Egawa, 1985),
Mo i3, Rutherfordoides cornuta
(Cushman) 3 & O Bulimina striata d’Orbigny
D2EEOEABILRENTET 5 E¥HE
xhTWw3 (Akimoto et al., 1994). AR T3,
MEHmOBEKICE - TET 2 HEEHIC,
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WIS FARS— B OBEREICERT 3
bDEEIDDLEI M, Fh, EFDLSiCLTH
7 U ROMAKFZEOFAET 5 & 5 KA B IC
BIELTWBEDMICOVWTEET 3,

L. SEKICE->TELT3EARBIEIZOEE
CEBDOBDOTRAN
VEHOKBHEKICE - TEHRT Z2EIE

Rutherfordoides cornuta & Bulimina striata 13,

MEE R RBOREI bEEICAHLTHS (L

H, 1989; JtHE « K88, 1992;Kitazato, 1994).

20, Yau yH4ent ) avBEDLHIC

Bokd 2 0 IZBEKICRETREE TRV, it

ROBEKHE» SHMES N TV 2 HELREES

ATH, ThZThoHko—BHEBEETR >N

HZEABBEEZHKT 2BHO S boBENE L

LTWw3 (F1). ziE, dt#E o pockmark %
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fE% seepage ic 1%, AL DOBEICEE T 2EE
DHHD4FE, Uvigerina peregrina (Cushman),
Cassidulina laevigata d'Orbigny,
balthica (Schroter), Elphidium clavatum
(Williamson) #35 L TW3 (Jones, 1993).
bLb, LFERHEREOFILEANVEIL LI,
LHETH A 5 BB TH 5 5 HBEFRIE Lichlf:
LIRBESOTHVORTTH B0, £5TIR
BV, BFbRS bESMEKTRERENZThOM
WA T 2 EARBEoToK o h D
BEEBLTVS, coliid, KA Oy oy
VA EpAA ) &Y PEEKE DEUKERIEICE
BERHTHDOELIERNLD.
TRELRDOES, &5 L TEE BRICER
LTV AFEENGEKRCHEKBRIEICOERLY 3
DA S, —2icld, BFLHOD microhabitat
EHEREY Dz H B microenvironments 3B {%

Hyalinea

R 1. TELGEKREBKRBEICEY 2EEFLREORE 5T L HEORY

Table 1.

Faunal characteristics and characteristic species at several cold seepages and hydrothermal mounds.

Environment or

Psammosphaera sp.

Calcareous forms are rare.
Enigmatic occurences of
Patellina corrugata

Microhabitat Locality Some typical taxa faunal composition References
Cold seep Louisiana Continental| Textularia wiesneri agglutinated forms Kaminski
Slope Trochammina glabra epifauna> infauna (1988MS)
532-542m less rich in number and
less diverse
North Sea Uvigerina peregrina lower abundance and Jones (1993)
152-172m Cassidulina laevigata diversity
Hyalinea balthica higher dominance
Elphidium clavatum
Sagami Bay Bulimina striata lower abundance and Akimoto et al.
1100m Rutherfordoides cornuta |diversity (1994)
Hydrothermal Juan de Fuca Ridge |Reophax sp. Dense network of Jonasson et al.
vent 2420m Trochammina spp. agglutinated foraminifera |[(1995)

Guaymas Basin
2020m

Bulimina mexicana
Globocassidulina cf.
subglobosa

less diverse

Ayala-Lopez and
Molina-Cruz
(1994)

Okinawa Trough
1300-1400m

Saccorhiza ramosa
Rhabdammina sp.

rich in agglutinated forms
less diverse

Akimoto et al.
(1992)
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LTW3 &S Ths, HEEhRTOFEFLREE
EHEEBD» SOEMY 7 5 v 7 RIcTEM LA
IAE B EE% 73 shallow infauna S EEW 7 5
7 R EFEERIR L\ deep infauna » 575 3
(Ohga, 1995MS). HEREM D th i3 PRSI 13 BRI
i -TBY, BEYOARSE T T anoxic
% 7213 euxinic WERIEMRKIL TS, LT,
deep infauna BEEFE (3 KM R BRESICHEIG L -
BE,OH-TVE, FBHao=—csldT 5
R. cornuta i3 deep infauna ThH 5. o F b, Ht
B O g 1 RS I35 EK O BESERES & MR
THEEDIIDRIMAICAMTEEDTH 5.
L» L, B striata \$HEREY) O ZEFHEOIFSH
BREICERL TV, JORESHRKHISEREEIC
bAERTELZLoHARELY. BZ 5L {ho
Bilirs s, 58, KBEYEIKELMEETSHS
febiz, HEREYITEAE S 5 microhabitat 1T 13 IN
o7, LERICEBSERESILA 215 KD 5 0
BEVKIRBICRRNICAT T 2EEA 005, &
fo, REHEYNISTEKD 5 W IRBUKBRIEICZBIC
B3 2B 2H & LT 2 uREMA 5
D, 20 & bILFEEBHE DL WHEREYh O
BRSBREIC I RB A ER LIS WIS 3.

2. BBEKICEGHERONIFBHELHNNEHON?

BB - TEHT 2 BRIV,
BRI BEREICERTE 2GRSOV, ST
5. T}, BEKCERTIELREHLZ TV
BDIEHIMP?HBEVEHEELTVWEDIEZALIH?

HFL 0T 13 euxinic environment ~ D i A3
HHEEN VS, ABORKICHEEL THHT 5
Ammonia beccarii (Linné ) formal i3, E&FIic
e MBI Ofh T4 & TWw B (Koshio,
1992MS). A. beccarii (Linné) formal &, #F
SIS BRE T IR % L T3 (Hannah et
al, 1994) 7%, MMRERFICLLE, ORI
BRSITRAE LD SIATHE S LV, B
REZOBECHEEBELEREST O TREY VY
T LDBRBIEG B OEEN S B, BEFICHELL
A. beccarii (Linné) forma 1 |35k D —¥ 55 74 %
LTy, ToOEMSEKIFREZ LT\ ica e
B EERET S, LhL, BEKCERTS
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BALRERIBRSERLTE 5T, BKFER%E LT
WEEREARL,
BEKPEUKE & OSBRI Y ey ) A4
PAF Y A YO XD ITHRALKRER LB % A
SETHEEL TV AEYP VS, RN/ N7 7
) 7EEESETOAHIRFEEEY—RICH 5.
EAGEOEE, BRLOEXAERZ—KRHNTHS
(Lee and Anderson, 1991) #s, X7 57 Y 7 &
oERIHEFOLH SN TV W, Bernhard
(1993) i FgHR7E D euxinic environment 12 4
B9 3 Globocassidulina biora DI /x2 5 Y
THWBIERRLIH, 0575 7hHRAE
BRICHZ2DODEIDETEHMLE TV, Lee
et al. (1991) WWEHANFEHAE O B#UKRED 51§
1CEFLHOHIEEEE Lo, WILKEBRLEO
NIFYTERDIFAIERTE LM F,
Jonasson et al. (1995) &, Buko~ v b
DCEONTHAROEEDSRDT 5 &b b,
HARE N7 F) 7 EREELTOBVDOTIRE
WhERBRRTWE, D&, HBEDEZIAHE
flafkanr oy 7 ) 7TEFR L0 1 i
B/ETV, LhL, ERECHRILKZEOELET S
REICEIGT 288 L LTid s 7Y 7 Eodtt
PIRRELTEAPTV, ZIT, 4 TOHE
BIEERATE EERHREILTTA B %2R
A1z,

3. IRER

AR RO & S ST Ny 7)) 74k
RIS €T3, FAEEYSEEYE R
W0 AGEEICxy 7 ) TIREEESICHDAE
ns. HIBRKRTHIL SEsNBD, 7T
TRAERTH{bEN B T & LICHIBRANICED A
FNILARARICHEES 5 (Cavalier-Smith and
Lee, 1985). HFRDGE, HXMERED S
ETR7 7Y T EOREEFR SNV, Thid,
FSBREOTTRIEE & SICHDIAALE NI 7Y
TRAERTHLE NI DHERENE D TH B &
Eiohbd, —F, HKEETE, FIXIEEKT
Wic & 2EKBRICE > THIlBNO pHZEDH B T
Lick-T, WEETRHELINIVERENT
WizoNg 7 ) 7RI D, AEBRASE &
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AEROBIC

SV Pg/PL

ANAEROBIC
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= bacteria

& food materials

3% residual bodies

1. EAFLEPFIPIBRET TR Y7 7)) 7ML, BRNTRETE N 7 ) 72HlaRictd s 3
BRI OLWTOEEA/RTK. SV: 4, Pg/PL: 77 IV —4a/77TY v/ — 4

Fig. 1. Schematic diagram to show the membrane flow during phagocytosis and the hypothesized establish-
ment of bacterial symbiosis in foraminifera under an anaerobic environment. In this depiction,
foraminifera do not house bacteria within a cell during aerobic conditions. SV: symbiont-containing

vehicle, Pg/PL: phagosome/phagolysosome.

NATEEMNHE (BIK). TOLH5IEZX S
EE—RESFKHI BRI b ERKHI TR IC b A&
BLTVw3ZLoHAMNTE 5, Goldstein and
Corliss (1994) WHiHREY*EA KX BROEE %
AL, EEFFLHRICIZ deposit feeder A5 3 &
L, WODWRLEBEICIEL DN FY TH
B-THY, BLEMFEBRIIC N7 7Y 7 2B
LTWaZeEbrd 20l &i3Ek, BIWN
BEREEMHICIZ L LTWE N2 7 ) 744
HSE2LIBEHEND VBT LERLTVE,

4. FHELEER

COREREMEE T 3 7o DITIZIRD & 5 1 EERHS
METH B, Ll DKM HEERICHEKTI A O
{LKBPELET 2 B EKERE & HRIOREZ AT
FHSPED, LITSBICHBAKICE->TVE LS
RELRBENZ TR hid Lo,

1993 & v, FARAILBAK & HRFET, HEE

BRRBOEBRXF— ¥ a3 v (St.0BB2) o4
DOFEEAEVWTREBRN%2BE L 2 (Kitazato
and Shirayama, in press). #EICIERE L 2R
BICBUK LB BEKICEE LR AREESH R T
WAE%E (Smith et al.,, 1989; #ER] I35, 1993;
FMHEE», 1994) 2 ERHNICHENPDB72DTH
5. B, BOT b IC3BEKHIBEBENSLE L,
{LEAREEIE-TwWE Y vy A4avr )z
BEEWL, SEESELTEET LI EICLD,
{LEARREERICEE > THM Y 2 B LR OB
B TED LB BICEVT L,

#O

HAGEYFSRE44EHEy v R Y9 & [Tk
BRABTICB Y B ARIEEEYIEE — S
Dyay ) A4 EEHEORSE - BE Kk -1 T
IAVPETEREEBZ TO RV v RY
v L OWMEEA, BILRN « IREBEES « BT »
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Paleoenvironmental study on the chemosynthetic fossil assemblages of the
Hayama Formation and the related Late Cenozoic assemblages from the
Miura-Boso area, south-central Japan

Yasumitsu Kanie*

Abstract Chemosynthesis-dependant benthic fossil assemblages have been known to occur at the ten hori-
zons (18-0.5 Ma) of Miura-Boso area (Table 1). The assemblages of the middle Miocene Hayama Formation
(15 Ma) consists mainly of Acharax, Calyptogena, Lucinoma, Cochocele, tube-worms articulates of Decapoda,
etc. These fossils were found along the fault-claystone and -breccia, and were frequently preserved in carbon-
ate concretions. The faunal characteristics as well as lithologic and tectonic settings of the fossil-bearing
deposits are compared to those of the chemosynthesis-dependant behthic communities in the Sagami Trough.
Therefore, the fault zone in the Hayami Formation is regarded as located in the subduction zone in middle
Miocene time. The most dominant species of the assemblages is Acharax yokosukensis, whose habitat is corre-
lated with the middle bathyal zone of chemosynthetic muddy infauna. The paleodepths of the Hayama Forma-
tion indicated by benthic foraminifers suggest a middle bathyal zone (1200-1600m in depth), being correlated
well with the habitat of Calyptyogena-community of the Sagami Trough. The habitat of the fauna was assumed
to be substrata where the seepage of methane-bearing water was supplied. Comparison of the fossil assem-
blages with extant Calyptogena communities suggests historical changes of the paleoenvironmental settings of
the Miura and Boso Peninsulas from the boundary between the continental and ocean plates in the Middle
Miocene (15 Ma) to the middle part of the middle bathyal zone of modern Sagami Trough since Pliocene (3.5
Ma) through the continental border in upper abyssal to lower bathyal zone in Late Micoeone time (ca. 12 Ma).

oI

=R RS, AR B o E g
(15 Ma; 87T « R, 1995) » S LFARME
BEOLOEABBENSKER I, Choo
{LAEWEIE, 2kt +Xy L4418 Acharax
ZEEL, Yo 44 & Calyptogena H3/D 15 W\
ETREOTOoNnE (BIL - BFE e, 1995
EH - BT, 1995). I T, ELBE/LAS
YVIEOMEEZRE L, ZHEEEEREED VL

*HEE T EH AR E Y Yokosuka City Museum,
Yokosuka 238
1995%E11 24 H%%A+, 19964 4 A 2 H%H

SHDBETHE S N LEAREBELE 1L
B3, &0 ML 5 7 odifiEEs OLE
BREABYREL KT I LiIck - TER
BREOHENEBDOREEZEEK T 5.

vou YA EHEEC I =70 (BB 1
7L — QBRI & ORERISHEREICAERL,
{EEBRIC L » THEMEEHRELTVWE I &0,
{LFARBYEHELTITNTVWE, ZHYELE
AY BRI ORERMAICIIRE N 5 7 FEEL,
Mo 7 BSEMREmcETA LAY Y YA
DIAIa=F4DBHOSNTWVS,
ZHEEOFERN 53, ELBUAITRD 5
B L EEBRALABYBHESRES LTV 3,
ZHEHO=IEE (W12Ma), MFE (3.5Ma),
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#£1. ZHtE  BRYEEAUBRERL - LEREAR < 7 o BEETYEEY R b,
cvoy ) A48, CTHENAR
Table 1. Specific lists of recent communities and fossil assemblages of chemosynthetic macro-benthos from
several localities in the Miura and Boso Peninsulas, and the sorounding seawaters.
*“Calyptogena” **“Akebiconcha”

Loc./Form. Chemosynthetic community/fossil assemblage References
Off Hatsushima Serradonta vestimentifericola, Bathyacmaea nipponica, Margarites HRIZ D, 1994;
(Ht) shinkai, Provanna glabra, Buccinum soyamaruae, Onenopta Rk, BIE, N

sagamiana, Phymothynchus baccunoides, Solemya sp., Acharax B, 1996 1474
Jjohnsoni, Bathymodiolus japonicus, B. platiformis, Lucinoma yoshidae,

Conchocele disjuncta, Thyasila sp., Calyptogena soyoae*, C.

(Akebiconcha) sp**., Cadulus (Polyschschides) sakuraii,

Lamellibranchia spp.

Sagami Knoll Acharax johnsoni, Conchocele disjuncta, Calyptogena BR#B(X A, 1993
(SK) soyoae,*Lamellibranchia spp.

Okinoyama Bank Bathyacmaea nipponica, Margarites shinkai, Provanna glabra, HAE,, 1994;
(oB) Acharax johnsoni, Solemya sp., Bathymodiolus japonicus, B. R, IE

platiformis, B. aduloides, Conchocele disjuncta, Calyptogena soyoae

Off E. Boso Peninsula Lucinoma spectabilis, Calyptogena (Akebiconcha) kawamurai D - E, 1988
(8P)

Aokiyama Formation  Acharax yokosukensis=A. aff. tokunagai, Calyptogena (Ectenagena) Ogasawara etal.,
(Ao) sp. 1994

Hayama Formation Calliostoma n. sp., Lunatica sp., Neptunea sp., Solemya sp., Acharax¥il - R#¥, 1995;
(Hy) yokosukensis., Ennucula sp., Yoldia sp., Calyptogena sp., Lucinoma&iBIZ#», 1995
annulata, Conchocele disjuncta, Thyasila sp.

Misaki Formation Solemya sp. juv., Calyptogena (Adulomya) (?) sp., Adula (?) sp. juv.,%E:T(Z %, 1991

(Ms) Bathymodiolus (?) sp. juv.

Ikego Formation Bathyacmaea (?) sp. ,Neptunea sp., Fusitriton sp., Lucinoma®&%, 1993
(k) spectabile, , Conchocele disjuncta Calyptogenasp. 1*, C. sp. 2**

Shiramazu Formation Calyptogenasp.* Mg (Z A, 1992
(Sr)

Kurotaki Formation Fulgoraria (?) sp., Cuspidaria sp., Epitoniidae, Solemya (?) sp.,ZE&x#H, 1991
(Kr) Lucinoma acutilineata, Conchocele disjuncta, Calyptogena sp. A-

type**, C. sp. B-type*

Urago Formation Lucinoma sp., Conchocele disjuncta, Calyptogena cf. nipponica Niitsuma et al.,
(Un 1989
Nojima Formation Phanerolepida pseudotransenna, Acharax sp., Lucinoma Shikama &
(Nj) kamakurensis, Conchocele disjuncta, Calyptogena cf. nipponica* Masujima, 1968;
R (LBEMRER,
1992
Naarai Formation Buccinum suruganum kasimaensis, B. striatissimum, B. yoroianaum, Ozaki, 1958
(Na) Lucinoma acutilineata, L. n. sp., Periploma plane, Calyptogena
(Akebiconcha) kawamurai elongata*
Koshiba Formation Acharax sp., Lucinoma spectabilis., Conchocele bisecta MR - 88, 1995; f
(Ks) s, FIE
Kakinokidai Formation Bathybembix argenteonitens hirasei, Acharax johnsoni, Lucinoma ik, 1990
(Kk) acutilineata, L. aokii, Conchocele bisecta, Thyasila kawamurali,

Periploma plane
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FeEEoHME (2.0Ma), HEBE (1.9~1.8
Ma), /NEEE (1.7 Ma)., B#HFEED b Hif T i1,
HALE (18Ma), ARIEE (35Ma), BiE
(2 Ma), Z#&E (1.9~1.6Ma), #i/ ALE
($90.5 Ma) 5 DL H 3,

LZEREREMBEOERRE

ELEOtR#E

Ego L@, SRR s h/fbaBEIz
e * X8 LI ARED Acharax yokosukaensis
(Kanie & Kuramochi, 1995), v ¥ #4 € F %
& ® Lucinoma sp, # 9 + # 4 Conchocele
disjuncta ® A x € /) 4O BEHFE Thra-
cidae gen. et sp.nov. (87T - #ikH:13H, 1995)
BEDHE & /N1 B D Neptunea sp. 15 &
OERIBE» ORI N, RN S 70/ (L
FIRREMOEAT Y2 =57 4+ (B IBUL
T3, ZOLAREIILE~rERA R OWiEH
it > THAEET 2 aRIED AgD 573 5 R
e L BsncBERtERICFEELL. Mg
HNERBIESICR+F Ry LA (BT - 8f
A, 1995) EFa—T -4 (BHEEDR,
1995) B EDREDR VLAV ERICEENT
Wic., REEE O EWTEE & OBRIE, BE
DA b 5 7 1T % BEMIARHE O B L DI D
BFCELULTEY, hFtto 7L — FERICE
N9 2HIBERER TH - A HEESHERI S 1L 5.
B @D SRR S IcREEYLAEIE, Rz
toF X LAABOBEERESL LT3, &
OLAEE G, BIFE ORI O KB O B+
I DR g ORI A BT 2L ARKRE
HRCHBESh 2, REOHBEBICEET 5
oY )M EFEET BFEEREYEIEL, il
Boy #4040 FHABEEETBH
HLEIBEOMEMLREIL S, Botidds (1995)
ENE, RIEEY & RET 2 EEFLHREEC
£ Bl K E @ b M MR o g
(1200~1600m) &EHEEINTWVS, TORE
REEBOHE Yoy Y43 a=F s DER
EEICRE-HLTV 3,

1, EHOFX 5 VAALREEBIL, Fam
77— bDLABFERI N, TOEERBLUE
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BRI, 142 (S) OFENED SN <
N, Fa—77-L0EEEE - KEHREN A
FUDHEELBEL, 149 OB{LETICET 3
R&@BfFTbh TV L2RET 5 (BiBiED,
1995).

EREREORBEBEHOEFEALE (18Ma) £ &
F N B IREBEEAE D Acharax sp. (Ogasawara et
al., 1994) 3, ZENE®D A. yokosukensis (Kanie
& Kuramochi, 1995) &[EfEE A S Nhr,

ZHEER - LRERCHAIBEOLPE AR
RRE

=WEB=IKRE #12Ma. Calyptogena &
Solemya (?) X EDOHEAPEIKE YV b EHD
Ko v ) —va vhoRRSh I (BIE
», 1991).

=B T8 3.5 Ma. Calyptogena 15 iR

ERKEPEIRK B ICHEELTEL, YIVIFERD
MAE LT Wi (Ozaki, 1958; %71, 1993; i3

», 1993).

TEREHARERE (3.5Ma. BkaE. MIBED,
1992).

HaEBMISE 2.0 Ma. Calyptogena HSEHIK
BICEL, RRIBITTLEIENEL -
(Niitsuma et al., 1989).

HeBEEERE (2 Ma. Bka., EBEED,
1991). Lucinoma 73 & 1SR 36 TS & vt
RICEET 24, THEHHEEIKESICBELTY
7z (808, 1995).

FREHETER 1.9~1.8Ma. Calyptogena 5
BUKERICEL, BIEBET TV BB 1
(Shikama & Masujima, 1969).

HAER R (1.9~1.6 Ma. EEKE. Ozaki,
1958; %71, 1990).

@R/ N 1.7 Ma. Lucinoma 15 & SR
e R S NIFHRICEET 548, TEHIIWE
BEREICHEE L T (REIIE, 1995).

TiBEs  KERE (0.9 Ma. [RERIEEUKE »
BUKkE. KB, 1990).

BEOMLFEREMIZI =74
FED I I 2 =7 4 BERT 2 HEIC SRS
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X 1. ZH~ERHS 2 oF0MERic B 28E - (LObFEARBMBHEOE A, BHE
BO: Calyptogena, [I: Acharax; {tGJE @: Calyptogena, B: Acharax/Solemya. Ht: %]
Bih, SK: fE#r, OB: i/ (L, BP: BR¥EHM. EMZOKITRIE 1 23R,

Fig. 1.

Locations of chemosynthetic communities and fossil assemblages in Miura-Boso

area and sorounding sea. Abreviation of the localities as in Table 1. Modern genera
QO: Calyptogena, [} Acharax, fossil genera @: Calyptogena, B: Acharax/Solemya. Ht:
Off Hatsushima, SK: Sagami Knoll, OB: Okinoyama Bank, BP: east off the Boso Pen-

insula.

EOEET S (REEL, 1994) T&EhS, o
0=A %22 ZEYBEETEAERER, A5V
EEUBEKSMHE S 0 (B - H, 1989), 4
KILShP T WEE: b >MBEMBETH >V
Z 5. ELBHORBESORZBMAELE, &
WA FREERL, *5 VRBEOREZETH > 1
TEERBELTVWE, Wi, BHEOWLHALE
ORMEETRONZ D ERUL, REBESR
BIEKERED 2 ¥ vick 2HRBETIc X DK
n, B a=7 41325 vRHILKED T X
W — IR LT L T WO R B o € -
=74 THBTEERLTVS (RERIEH,

1995).
¥ &

LA RMEREOREEYMLARE, =/
ERHRO10BE» SHoh T3, ZilitE
T, 1) #ELE (15Ma) OE%E I Acharax %
BETIETHEOTONS. 2) ZiE (12
Ma) OEEEE I Calyptogena & Acharax O REHR B3
BKEvvibgahoary s ) —va VITEENS.
3) hFE (3.5 Ma) DOEIE I Calyptogena HSiX
FRIGEEIRCE RIS ICHEL, YV bEI OB
35, 4) BifE (2.0 Ma) DEEE L Calyptogena
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Stratigraphic horizons of the chemosyn-
thetic molluscan fossil assemblages in the
Miura and Boso Peninsulas. @: Calyptogena,
. Acharax/Solemya.

Fig. 2.

PEUKEICES 5. b) FEE (1.9~1.8Ma) O
B 3 Calyptogena HEURKETICET 5. 6) /)
%8 (1.7Ma) OEE L Lucinoma 73 & SR
ECEESh, THTRERIKGICHRET 5.
BERERTE, D HALE (18Ma) O£
Acharax DSIRBRIGEERICET 5. 2) AMERE
(8.5Ma) DEE L Calyptogena HSEEIK ahIc,
3) BEE (2Ma) O %3 Calyptogena 5kt
IREHICET 5. 4) &R (1.9~1.6Ma) TiZ
Calyptogena BEIRERICRSNS. 5) Hi/ K
BB (09Ma) DOBEZ Lucinoma 15 & R B
HEUKE « BUKEICEEH S 5.
ElgofbaBiRid, £8B0D Acharax £ F 2 —
T =54, Z L TWL 55D Calyptogena,
Lucinoma, Conchocele, ¥ 2. — 77 — &, H =D
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BHEIS S SRR S N, Wi IR - ¢, fhthE
FCIR D F D © 718 5 RIS & i S ki1
HICHEAET 5. HEREY D4y & MU REE & DRk

3, BIEOHE N 5 7o FIRESILTBY, C
DOWifEw 1, hEtto 7L — r BRICRKY
LHMEMER THA 5. {LATMHER, 24
VA BE TR E U, R o KEEMIR i O 8
i o iR R g DR I B B LA ERE)
Miasa=5 (B chiRsh sy, BHED
vu g )4 eFed AEAREMT I 2 =T 4
P, ROy F A EVFPAVFHABEE
LT B232=274 LIBEOMKNREL S, &K
KB & LEE B IEARFLREEIC X 2 dKER
1200~1600m (hifuigMEE ohi®) Th v,
MEZDO oy ) H4 33 a=57 4 OEREEIC
BIEF—HLTWA, &7, Fa—77—-b0{LA
DHEERE L UCHEERBICA v (S) BREL,
14 v OBbETICT 2 REBTOh TV
LERET 5.

Bito a3 2 =5 4 AERT 5 FHEICIIRERIE
BNGEETEIEND, 0= 4%kDL 5N
HRTEXBZEHLIZ, *»5 va2atBkofiisn,
AIRIES NPT VWEBTH - EWA 5., ELE
DREEIEE ORFEFRLALE, Enw<A > RfEE
RL, * 9 VBBORZETH - EERLTL
3. BEDOILAASHRAMEE TRES NIK
B 3B EKEED 2 ¥ vic & AFEETTIC &
DHEREN, BYEIEIR A 5 v RHRbKED T %
W IR L THETE L T W T B R E
Th5b.

2 LfE - REEE O RBREE & MR BT
HAEEK L1 b 5 7IROBREEE, hAAADALE
AEZRDPOSBIEOHBE N 5 7iICEF TI5Ma
OEERELTWIEWLZ B, T1ibb, 18~15
Ma O=iifi »« BHREE R, hEWERE o R o
BETO7L - FOBERAMNEICHD, 12~35
Ma O =iHBHE & 3.5~#) 1 Ma DT AREEE D B
W3 E SITERW T R ~ R R I B - 105,
3.0~0.5 Ma ® Faf@#t & X U2 1 LAKE 13 UKL Bk
IKEDPHAE S N 2 BIEOHE ~ 5 7 OUEEKEREIC
WDV T EERBELTWS,
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X 2. /IWRE A 1934F IcEh N2 HEF D KFE “The Cambro-Ordovician formations
and faunas of south Chosen, Part 1" (Z§iffi& L Tid#ks hrz A v F & 2fdhfio =1
i Ef . /5 Parabasilicus shirakii Kobayashi, 1934, holotype (UMUT PA751),
X 0.5. £i: Sigmorthoceras sigmoidale Kobayashi, 1934, holotype (UMUT PM652),
X 0.5.
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BRAEMZOEKRR (BALHFEL WS EEDEK)

it H #

FF aF e kbR MY— (Natural history)
LV HGEL S VFLE, BARERFEOMEEIR
KT ABERZHIRILRBWESS, TOEER
E #BYFERIhTOE, BNOYDEE Tt
BHlohZEicEY &S BERInd - L, EYF
2bH-T, EYFOMESHRshTw, L
» L, BYESEPECHEYE, THISHEEP
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IhTws, BYFEEECEYEICHkKT 5.
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ABITHWZ E TRV, REDLYRER & DFEZE
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**Tetsuro Hanai, AFEAS:
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Paleontological Science, @& 5 5 THE L,
DIEFER—L L TLIBMTREERTI &
AR, SRHOZVWAERHATI L L
fo. BB, FHENOBITRIREL4A»SLET
BT EMTHRINE,

7. FERGEOEREICHEIT TORESFICONT
HRmEEBRD O, FIRCGEGERTICET ToHR
BB O WTOEMSHIHE N/, FMITA
FEXHPICHBE S N A TIITHEBER TRET L 1,
REFEEER THE T 5.
8. BHSOREESAHICONT
HMBTITYRES TRET S 245, EAXGEE
LT, 1) Kb (A4, EBR), 2) REKF
#4 v O—F, 3) EMEE4LE Proceedings F b
FEMREICIBE T 5, SN > TS,
9. BE_XREREHHBEZEERKOSHROBHILEEITE
22T

B REHFTEREELSIRBICHERL, =
RESHEZER IS SHEN B Z EPERSN
to. BAFESHHORE IENER IR 5l &
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EEE AT 5. BEROBOLEELE LT, B
ROETPHEFMRBEOEFR S EHEF SN 3B,
FZREWEEEREB LD 4 v N— i3 6 A DHE
B2FTIEBRELLHEA (B REET
Wk L, REFFEELTEARMARICOVWTHD
TRET 3.

10. BE&EREICHF IS ESROEE
EBRE2RED, 1) A&FHhzoffi%it
A2EZEHBEBR2THREL, FEBRTERET
%), 2) FEBOLLWER, 3) HEEBER
D 2EHEE Y4, “BAHEMERHEYE T
50, BARMRECEIEE R EERERT
Bitd 3) o THERS O, AKBIhik, o
AREZ I TEERSHY  EEHA c NEOZE
BRICODVLWTERS N, HTOBEORARSh
7z, BRELICHKOWENRBREINWB L LN
7.

11. &% - flSOBRERECOWNT (EE)
KES « BED OBMEY, Fa B —
3500M, %4 « KD42000M, #l1£ : —f#%3000
M, ZH& « KO£1500H, c5l& Lrons
LS nk, REFILE 6 H29 « 30HICHT
BARFHERCHEBOTETY YRV Y A [T
vryod s TEREYMBXEF 7 b= 2] D
HLAZDHY, EBESnt, BB, vvEYY
LEHEBECRAZBOIZENEEIN TV B,
WRBOERLE L TRBEEFOTRIMEEE & 5.
1997T4EEL - B2 1d, RIFBEFFAKRR AR EE
BBOHERHDUY 0BG b H D, T TIIHEE
KEFEIMcORM (19974 1 A24~26HDF
E) THMAEDTWEY, FEELTHERK
Bans, 146[1F1L (1997F 6 H) FERFT
VEYIRETORMEDOR LiIAB NS D, ABIN,
HE¥2 X 0 1997TE10H IHEAESFHMBOR L
ABDID > 1o, HHEYIFERE L TRy Yy RYY
L1 HREELZRET 2 AR THIET 5.

12. RERERUVREEBRFTEICDT O
1))
FOBEFRIC OV THIANS SN, &5
BREOAZ SN, 1B, 19954 8 e 13
I8 —&H BRI K - TEEEZIT TV A,

13. Z0fth
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a. MESWEOMHER (NER)
BEWEICOVTHEEL -

b. 19997 =45 ) 7L2BF~DEBEII>WVT
€9
HREBLVIMEY =5 ) TRENOEHEY

HLOBRBIRENS D, KBENT.

1996 A i
SRk 84F 1 H26H, 11:00-12:20 : RAMRTI LA
FHhEIALE, BME100%, AEER0E (E
E$994)
BeTidERTHE 6 AfEEAES (LABIFIC
B BLULTEFEKSEL ADFHREROH
& RFHEEADLE L TEEREEREL, T
AIhi, BRKRBEILUTOED TH 55, Fic
ABETERBIN TR EEHIFZ, ¥WHWeE
TERERRE~OMA L 2XRIDEE (REDOABR
B A, FEBOEHE) BETH- 1.
1. B4, 0. 2B#E, I ¥ - UhE,
BAREFLBAME, V. FWE - RXEORS,
V. 2528 0#E, VI E2HSEEEREE~
DIMAIZ>WVWT, VI, FIRXEED ¥ 1 + VFEICD
W, V. 2R0ZHIc>0WT (RBEDABAK
B4 2&HE, FREOTH T IEH), KX
1995 FEERERE, X. 1996FEEFLHEH KV
FEE, XL HL.

1995F HAGTEMFERRIE

KT /£ F & : Further observatons of
Cunninghamiostrobus yubariensis Stopes and
Fujii from the Upper Yezo Group (Upper Cre-
taceous), Hokkaido, Japan.

Trans. Proc. Palaeont. Soc. Japan, N. S., No. 178,
pp. 122-141.

Jb#EE o Rk B AR I IS B O EREETY)
ftRLEdbic, LELIIEEOEYILAVEEN
TW3, &I, AKE/ Va—VviRiEES N
R LR EERETE DL, hoMfahmsss
HBE THRESN TV S, 1, EORIE MA
BERERL-T, FEAMPCERTEEREZ L
WLEE-TWB T E &, BEREERLS > T
AELEORRRESLLRNAES TH 2 ATl
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TEEINLARR VWS T e TE B,
tEEDHER/ ¥ 2 — vihOBEHREE LA
OWFLIE, M.C. R b — 7" R EEEHBIRES D iR
(Stopes and Fujii, 1910) ic&A b3 XD icd
K ofrbh T, BT, KIEEPZOH
EFEE E 0, %< OHREIC K > TEIRIETT
EBBEINEEHicy, AELEHTEDLDL
“BTEACFIHIC B BB LY O R LI oW
TORHTRERREBARSN TV S,

AEmX T, /NERER O LERIRRER > ofF
S 2 FRSHERMORBLANE D HiF 54,
T OFMSABERRESMA S TS, 3
RICAETTIC LB IS EALICYIMT U 7o 50k 2 TS « BB
WML, BMmEcRI N ERYHESE 75—
b7 VBB LIRS HE (E- V) TR %
fED, BRREh (B AID), B# BT (BH
REDBRETELIIBRFTLTVWS, ZORKE, o
1t 55 Cunninghamiostrobus yubariensis Stopes
&Fujil it 3E—HKTALEHS LI LA, &
to, TofLATIR (BB MBRESNTED, %
DOREE P BB OMER & ORIRET B 720 Bl
WoEGU R OBEET-TWw5a, Hrahik}R
oS, >, ABIRBREECEIC3ME
DEFEEL, EHLEABITR2CAE RSN
DHERIE I AREREARL T B LU EICHEY
BHirEEHLIIL, ABBLUVEORESR
521

ZFMBAER & DFRBFRIC DV TKAIEE S i}
HHEEAMBEL TV, TRbL, EROWE
TRAABM Y 3 9+ v B (Cunninghamia)
CEERBRICH B bDEEZI SN TVEY, B
BN OB RER PCRIEEES S & THEICKE
BERPHLEEZHSHICLTVS, RFRIE
L3 IS ERTINE 2 - It 2| AU QAD ARl = S|
BEEMEMILAEOHRREL» SH S » T,
Cunninghamiostrobus @b D & 5 LT X
FRHEBHEO— L LT BRIFZ2ETEIEE
B LTV 3,

KIEEOHRFERIEETRBELSHESLE
L&ah, ERICEEEYZESYD SRR - PERD
LEESHEBSKVEEL S NS, BAHEYEREE
BOBNEEREEFMEL, < RKRXEZE

FOSSILS 60 (1996)
D, SBO—BORBELHFT 5.

1995 F A XA F L E
HI;REXKE : Cenozoic diatom genus Bogorovia
Jouse: An emended description. Trans. Proc.
Palaeont. Soc. Japan, N. S., No. 177, pp. 21-42.
1968FE LI O BRI HIFTE I & -~ T, JLikiE
AR TRTOFEBED Sk L 7o E i EHEREY
BEONB XDy, BEOREEMILARERF
BT ATEAREICER L. BPETE, F
& U bR IR O A2 JBFF DRESLIC [A] 1) T,
FiEHERY LB FoENTA» S/ o h I HE
PRERE SFEEEM LA E WIS OEB
BRI FehsdEsh 5T & e,

DL BEBFOMESECICONT, HK
YIoHIBEAE L~ VB TESBLLS T
BRAH, —HOHBLAREDOMFHFERREL P
HEYBE O EROEHLEB VI LEEZL S, D
R, BILLAMLABOSEENREL2EY,
WiOEFOBERMERLE LT, ThdoNEE
D LRBHRDFRIH S IS UL S W& 72 -
TWi,

BRTEXRBR S LcBEROLLIC, HE=L
DBOBEELGRENATHZICHEOLLT, BP
BOEHRMIIFAME T H - 1= Bogorovia BERED
AR LT - 7o, TORE, 4
i, 2HlAaabEEST 8D Bogorovia
BOBEFEMEEZBII L. S5, AW,
ENZTNOROBFNERFEREFEROEEL T
W B EBEREEZHWTKRET L, Bogorovia [ D
HIRE LA TTIS - 12, 1338, Bogorovia |& & B
15BAfRIC d B Koizumia J& & Rossiella B> W
TR, BAHEYFLRELEIT6SL1TTSIC
BEAREHTH 5.

FEREFEHIRR T3, BICHE « BRILERE « BFLE
&« IS - Bk - BIRER « AR L
OEERE, REBLUERNETHMELH
WTHIE, HIE%{T- T3, BFENMFE T,
fhOHB LA PHILAR EIck » T TIEERHE
B DD W RFEDDIWEHEHERY O 2 7
BEZHERL, SEOBFHNAHEBELTY
3. ¥, Tho0REESUEL ORI EZEEA
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NBEHIT, TNFNOBICEET AT -4 %
Bt AT 3t -T, EBOHIBENST
OREE SO M LTWE, BliRERERCO
& 21T, Bogorovia |@& & % DREEKRED 534 % 240
WKKREd % &3tic, Koizumia /& & Rossiella &
LOMELHMEIC L, #RELT, Thb03
BiE—EHDERY| AL L, ME OO
% & CRFERNHERD T LA SHITE - 1z,
PUbo &Sz, PHRERER, RELGELT
FRTES - 208, SBEMICEILL TV L
Bogorovia JEHEEREDFMITLEEN L X VBF
FHIFRZITIE, Z O L REHEL S 5
iU, BALARBFENSSHRITTNE L EEEY
WKIRRLKEEZ 5.

HAGEYFER I AR XM LA DKE
DO LR LEBHEERESFMEL, T
ICHIRERBICHXEEREY, HROLE—ED
R RT3,

1995F E B AR EMFERFME
FUGHE—F  AHBFAERRHO G EYERITFF
fEligkE—& O AFFER © REICB T 2053,
1984 FEDAIKBEDE R > TEH L FFE=L
it s < A FHOTE, SED SN BED
Z O FRIIFFERIREZ R - 12 D{bLAafEE%E
AFL, REHAOEEE OIS LT/ 1 —
(bAErkam) HEEZEEZBAL, ZTh o ORKE
B oltGlbo 7o R EEMICEA L b DT
Hote. FABDOHEL {bABERRESK D LS
131985 %, F & L CTPhrEHE A& H &5 E
Glossaulax BERIERICRIT L -BIcd, 20
EHRIEERAEE» ORE « REORHE~T D
so=—DSEEAL, EEANORERRE S
EEREEZH S PIC LT WS, £OTIEOEEII,
ZNE TOXRFICHB T 2REBYMLAHTLD S
57, L TEYFEOHFICH I RBEHEER
L#. T Glossaulax BIcBId 25512, BE

75

KL ->TE5IC1987-19884E LB L, 2o
FERDBHLKFEBREOHE=RICHEL TV &
B TRBICL » THEBSN TV 3,
fIgE—E D ¥ < 74 B (Naticidae) OBFE
2 Z D%, AEOE=R»SEHTILTOEY
MERREL Y, HOSOF SR 2E A S D1t
ARELFHTOBRENIRSE S ED S0, 205
HUERD, EBFFORETE & bIcD TRERE
i, RE DR E & 19894 Bulletins of
American Paleontology IcAfE& L TiE# & h,
197TTEEKE< ) va vy FELOILEAEFERE
< AARMLAOKRIEICE ST, BREEE=R
EY < AAROWFCKRELEFREZ LTV S,
[FE D ORIEFIMITICE D, s~ A4 EHDONHE
AR E N R, #l21E Gloussaulax
|8, Euspira @, Cryptonatica B TIIHHEREE
CT, T o 0ELRFIBEIUDTHLhIcE N
fo. Fih, EBIABFAERICE T B HEBESE
OFE%E, &< H A RULA O S EYIERT 57 O
KM & 1) Arctic type, 2) Cold-Temperature
type, 3) Temperate type, 4) Warm-
Temperate type, 5) Tropical type ic X439 %
T EERIBL, KEEYLAR O G EYIMIBEEFN
e, HEFERHH, ERUE o G EFERIEHEIC
DWTOFMAMEERLTWS.

FBE—E & C h & OARFRFHERREE Y LA
BHEOMERR M E X, Olividaek®t, Amalda
&, Clevagellidae Bz En{bafEd 5 W IidB A
B DB F A 2 Phanerolepida &0 H{AF
HHFFREITY, REGRRES LS L.

EE oFERRBEILA OHERIEFFRD A 5T,
BRORSEHEEHIE, 0 R AR BN b DB FE I BT 72 1S B AL
Frbio Lz EFAMIC, KWICEBL T
LEZ 5.

HAGEYES R, CEBOSTEHEY
FOWENDOERE S 4l L, FWMEEE-T,
SHRO—BOREL RS 5.
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19955 E—RAHRELS L V1996 EE—KRIETE
IRADER
#e FEE REE 1996 FEE T E4R
AIEERES 3,595,944 3,595,944 1,551,397
e 0 0 1,330,000
SBINA 7,800,000 8,030,543 8,100,000
WFLSE 4,100,000 4,396,000 4,400,000
BB 2,450,000 2,244,000 2,355,000
e 300,000 345,000 345,000
AEESE 200,000 151,543 150,000
RO&L£E8 750,000 894,000 850,000
SERESE R 1,000,000 1,110,609 1,400,000
WELETITEIRS 1,420,000 1,370,000 1,370,000
AR AFREER 0 600,000 0
ISR (BR) 360,000 315,000 315,000
ERE R RS 300,000 0 300,000
B4 100,000 180,000 100,000
FIR 50,000 18,296 15,000
ELFSBME 800,000 809,088 800,000
RELBEELHANRS 210,000 236,900 0
B 80,000 56,904 55,000
it 15,715,944 16,323,284 15,336,397
&84 (F%RIT4:5,000,000)
lﬂ?;«éa ZhEkES (3,930,000)
T HOER
FE FEH TEAR 19964 E FE 4R
mm%ﬁ% 6,500,000 6,972,740 6,900,000
LEEER 800,000 601,120 1,000,000
BIE - EWE 600,000 912,675 1,000,000
FEEIRIZ 700,000 681,558 700,000
EBRTE 2,000,000 1,793,240 2,100,000
WREBELEFHRE 300,000 0 300,000
EBRR A B E 300,000 0 300,000
e 2,812,000 3,113,049 2,170,000
REFER 40,000 41,084 40,000
HEEEE 30,000 61,941 60,000
(et 200,000 148,498 150,000
BN 150,000 211,460 450,000
ELPSLIBE 500,000 475,227 500,000
IPA &% 22,000 19,630 20,000
BGRARE 700,000 308,420 350,000
HIERE 70,000 114,269 100,000
FORERHE 100,000 100,000 100,000
Z0Dfth 1,000,000 1,632,520 400,000
FiHE 1,653,944 697,505 866,397
REERES 0 1,551,397 0
£t 15,715,944 16,323,284 15,336,397
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1995F ERANESSRES L U1996EERIETE

7

IRADER TEE B 19965 FE%R
RIERERi S 3,638,994 3,638,994 3,493,841
wRlETE 1,000,000 826,605 1,000,000
FI& 60,000 49,838 60,000
FiTBiss 1,192,000 700,000 1,333,000

& F 5,890,994 5,215,437 5,886,841
SO TEER REAR 19965 T H%R
#He 40,000 40,000 40,000
IR R 30,000 13,408 30,000
BEHE 50,000 0 50,000
Bibliography FRE{ERKE 60,000 0 120,000
RIS EIRIE 1,692,496 1,668,188 1,933,310
TFIHE 4,018,498 0 3,773,310
wis 0 3,493,841 0

& it 5,890,994 5,215,437 5,886,841

BEALTEMESNOBSEREFTE B 70)
(7%, 50 IE)
MEE, #kET, MAER
Gt 3, 70,000M)

PR 7TE4A1IBLKOFKB8EB8A3IHE T
i, FioAehoRk2icBerBb L.
HEYIEB L UORFELOTEWLD D, BEICHE
bETWEEEES. JEEICHL, ELEtLE
LEFZd.

B, BEOBRWVIE, FERITEX DAL
FIEBOBET, ROBEFICTBINL->TEY
FT. FIEEZLALLCHATEVWET LB
LW LET.

aup

!
1. BEL%  FcEB TlRESDEEA.
fetZWiciged, BERESETCBROANRE T

2. ROBELEHORFOBERITBDETO
T, B OO BIRAL &,
BREIREE : 00110-1-762037
BAGAEYES
3. MEEVAFEVWEHELZDIHFLIL, R Tt

Al KAESETVREEXET,
ARTE¥ESaRE FEELE

LBOA < BREFEDOZT (19964 4 A20H %
BRERRMD)

LE2B 74 (EHREAN, BHET, EBRE
BHY, kB %, $#ARAK, Titima Charoen-
titirat, REEES) ODARERZFfT 1. B
£3% (WHXE—, WIEX, ANE—), &
ER#H1IH (EHrc:zx  BALERXED»S
mAZEN).

19964F 4 H20HBEDO 2B IE, H#E2H656,
FHI2B272 (BERXBETED 28%K<),
ZELB1T (197TEE» > 0RFHNSB 24 %
a8), BHLRA9, WHARE3S (N1 &1
FIZB), FAHSB D994 TH 5.

B2 RRIEEERR1995FEEHRE

F2REMHBEEZERER KEBRX, B
XE, MEKE, FHEFIE, WR—m T
Ik, sl E (RAR), PHF = HHES,
k%, PELE, & O, LOFZ(138)
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[A] %2 REMHERESO B &
F2RENHERESIZ1993F 1 A28HOAK
LFAFZELICBVTHESTESN, TOEME,
BIRENEEELN T &k [HEYFEH
7 HEOHKELFE] (BB OEMERIT,
HEYE L HEFESORED 1) D BIKRITE
FhS AT T &, BLUBRRRSRE
BT B hFLe~DIRE M T 5 F K& LTER
TB5I&E, &Nt
1995%E 2 A 1 HOFHEB LR T 2 FHOTEHM
ExfTot. TOWMET, HRARELEADEE
BELTOES, @t s o, KEERES
oVl POMNERE, SFHIKODVTHREG -
BEBEET- 7 (LASSESERR).
EFRES BV TRIGTERZRER20FRIR
SEExh, ZOHMELT, MEDTREL #EH
BEEERT 3 &, BLUBREFLHEEOER
BELTEHTEE, BEDONL, Fi, B
SEHDIDERELITE, FhEFNOFHEICIEL
THET V- TER T, BIEES V- THHEI
DEEED, FEETEEMNTREN, T2
YN DHBERIGCEEEMLTEVWEVS T E
127 - 7.

PIFic, EEEok > 2BHEMETIT > KE
EOEFHOMEERET 5.

[B] 1995%EE icB1) 258 2 REWEERERES
DOIEE)

[1] BRRFERXESENOXE

HARLFELEA 19955 6 A 3 HICRL KRR
AR, 26%FAMNBML TRUIBEENEEHR,
WHOTEE 2 RD . HFWTIOR 7 Hicfl
Vigay Ry v s [HREAMOLE -2111
COHRBMEOMEEHEE -] L5 2EKREL
ZBMLE. YRV Y LTI, TODHEEN
b0, BETH-1. BB, TOVYyEIILD
BRBIIALHMPHE L HERARRARREER
(B) B8, BIUMHEA -BEILERZORE
LEAHEPODFEMIc k2. B2EBRET
i, HAOEEHAL EMSEESH, EEXES
bRE L. B, MRESGREICEAZDOHEKE
EEHEa Nk, IhTEXEARARBIIERIC
AV, 1996FEEDOEHTFESORE - /2. HAE28

FOSSILS 60 (1996)

FHanma Ll TH 5,

PIEOEHO 3, BREEES= 2 —A%H
TLTWB, T F TOBRHOFEIIARDE
EBELOREMFPLER - TIT- 12,

(0] EXREOHKR

BEOHIREREAE L CIEEL, KEKREEZEXD

fedicid, BEOHMKBRBOEENERTH ST
EAEERL, BRENOBELEED S EEHM
LT BEKRE [HAY & HIERERE | OHRETD.
REEIHRERE.
1) FHEOBE - FHENE : BROFAENEFET
EBLHBREEVANVERNRET S, £230F,
HARAL - B ENE. RREATIEAEI AKX, H
MRIGITE3 AETFE. 2) TKhE [HAY & Ik
B oA 1. &E®E L LA EHAE
¥, REETLELAOER 0. £GOFEL
HIFREREE « SR DIRES, AGORELZOER
R, %&n v 7y 7RROEY) ERELE I
HE¥oKEHR (Cambrian explosion): Walcott
DRFER, KREFROEREHRE, KERIEY
DOt V. EYOREBHRE : KEMGE &3, B
TKEEETS & MR R (HAER/PAERERD,
AR Aok (HER/FERER. V.
B OAY & HRBEOSEMLC E 1, HIROBRE
)& dkERAL, BELEBYORR. VI. AL
HIERBRYE « ABRORCIR & (b, A& BRIENEE -
REEGR CCHDTIFE), AFHOFRK.

(] —f~DEK « EYEE & DEH

— M DE RIEE) P EYEE & OEHIC OV T
EE&»H%D-I'@%E %&@Ib%% LT, %%;
BLDITHERICL D EFOITEL L TEMHES
nTna3,

FEEEE 1 6 BRI I RBESEAETEE
FELLOHETITONL., 5BROTFER, OF
L EEVNBEEYEE ST LREFESEE T 2
EoEKERSEHMET 5. 965F12H 14HF,
F—=: Vv ILVORERAE, +N)vOTVE
4 MAE ITE2A 1 HFR, BOWMIAHED
ERSE, “Vasvys o2l v x—y"—HBER
oA, #EEIFREABOAZRE. £55
butRizhEAELI E. @974 1 A D RERFELE
LTI [H v 7 ) TRAEHR -REOHE &L 24
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fEYOREIR] <P 2 ERFBHSOTFE.

(V] BkEFRROMIE

(1) BRBEFHBENOEEL LT [2EK¥HE
VIFEE - TRZERAN] 21K+ 3. EHEER
RUORIIEMSBMBIEE S V- 75K, RR
EUERR. ZNIC & B E96EB HIC REE « B
REDH TIKHE « TREZRNOFERBIREE T 5
TE. £100H, ITEHRTFE.

(2) RFBER EEFHIE OMEES 2 EM
TAH0, ROI>OMEL =40, EREL .
QEOMME, 74— NVFE3IF+— FHETKS
WT, 9558 A LA 1 BfEl€ ¥+ — 2B
fo. EF—< R34 v THEOHIE « £ - HREY
T, 23+ —LHAERET-. BERBEL
THHREE « HEERC « 18 2L « FEEE -
MHEBHOREE, ¥HELE  -RESbET
MEBBMLT. QRFEREDES : KA
DORIREED 5 123, HRES - FHHBmO 7
DONERXEFEL T LI ERET -1 B
1 B2 RERSE RRKER) DX TISE
6 ABI&IcEBI/INES & L TR [HFWME
ZRG % v FERICOWT] ko0 T. OREI
€ 1) - S FOERTHAE ¥R
L, BREEmETOBRIE S +F -2 T &E L,
IEFELORBELRIC, HERKFABFERE
OFF TEICELB 779 HDILAEAELS
R ANEO#] OFEEEET- 1.

[V] BB OR—E

£ OEEYFEE MBS T 5 KBRS
Fuvy b EILES, SCRERITBOES
M EEOFELB THALREMT 2100,
b« KEZRBIMNR #%-dtE #FRBoH
bbb, zodHE42 O H42BTI08ICK
HerBg BARNTEONBLERDOILDD
FlEEME L .

£ OFRECRENSBEKERES, MAOHK
BOEBICET T THEL, ZORENBAED
HECHEEHEE>LS5RI0BEDF—< %
BB L, HIRREE AP OEB 2 BT 5]
FEE LT [HELLIEOE YR LR 65 &
YD) BLOTH Y7 ) 7TRIER] © 2
F=<AIcRE 2 ED 12,

79

INSDF—=IZ>WVWT, BEARVEEEEHE
BiE, Broufife i, BERoNE, -5 0
figtr, €7V EERICK BRI, AMEEROR
WL, THROEKELELOES, fh¥EsLo
Hif, SEORANEERERNRTH 3.
(V1] =ofh

199 FE DRI ERZERME TIRE - 128
LicREo 5%, kRicnish--fHEE, =
OO BENILUITOL S TH 5.
OHAEMAER ORE : BRBRRFICHET
% Archives BILILGEAKREL, S%IHES
DFRBIC B LEbLNG, QEEYETF— 5 ~—
ZDRE . OB HEYFEFEOREE L
TREFEhTW3E, @F2EEHROHERME :
HLOEEEHICVTR, FERERFETH
BELSLBOWTHRIIBEA TV S,

[C] 4% DIEEHIZ>WT
19964 1 H26HDFRBRICBWVT, LT
DT EBRELT.

1) FH2rkEHTBEREESE, MUPOBEW%EE
Ltz &¥ransdDT, TOMEEH - THEH
ERTT 5.

2) Eidok i, HEYFORMEFZLDORE

BT AEREITREN, IS V—TIKL-T
HEHOSNTWVWEDT, IhEHKETEEIK
EHEtBEEL*FHESE 3. L LiEOL
KoM RBLCEEFREHILLTwE0DT, TER
O E L TR EBROHEZREL T 2K
TZEET R, EIRRERDOERERE,
F2REBBROFEHMECE S HET 5/
BAOXIG (OO HREL & F D BRI BEE
T ARE, QEAEYEERLE B REET
7a Yz b ELR LUHMFREROESAHREE
EOoH LM 1BE), FREEOREICHT
BZEMBERE, XX EHLBN - BUIMRE
WWHLD # G,

REOHERIE, BEIOWET oY 27 b0
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First announcement and call for papers

PaleoForams '97

Confcrt‘,(rll-clzg:A ";xugust 17 through 21, 1997, Western Washington University, Bellingham, WA

Organizers: Charles A. Ross, Department of Geology, Western Washington University,
June R. P. Ross, Department of Biology, Western Washington University, and
Paul Brenckle, Amoco Production Company, Houston, TX.

Pre-conference Field Trip: August 14-16, 1997, Late Devonian through Permian strata of accreted
terranes in southwestern British Columbia (Canada), organized by J.H.W. Monger
(Geological Survey of Canada) and others.

Post-confernce Field Trip: August 22 to 24, 1997, Carboniferous of Arrow Canyon and the mid-
Carboniferous boundary, southern Nevada, (USA), organized by Rick Page (US
Geological Survey) and Paul Brenckle.

The study of Paleozoic Foraminifera includes a number of general, as well as several unique,
interests and interpretations that lend themselves well to a specialists meeting. The conference
topics are designed to address these, as well as more traditional questions. An initial list of topics
for which talks and/or posters are solicited includes: Evolution, dispersal, and paleobiogeography;
Classification and taxonomy; Biostratigraphy and zonation; Paleoecology and sedimentary
environments of deposition; Biological interpretations and significance; Numerical and statistical
methods; Composite standard sections and their utility in Foraminifera biostratigraphy; New
techniques.

At this time the organizers welcome additional topics that participants wish to have included.

Please address correspondence to:

Charles A. Ross or Fax: 360 650-3148
Department of Geology or e-mail: rossjrp@henson.cc.wwu.edu
Western Washington University or phone: (360) 650-3634

Bellingham, WA 98225-9080
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PaleoForams '97 piease return this part to: C. A. Ross, Dept. of Geology, Western Washington Univ.,
Bellingham, WA 98225-9080 USA
NAME:

ADDRESS:

My interest in attending the August 1997 PaleoForams '97 conference in Bellingham, WA.
___defintely plan to attend
____probably will be able to attend
___possibly will attend, but uncertain

I plan to present (or co-author) a talk ( )and/or poster ( ) (please check) about:

I plan to participate in the:
___ Pre-conference field trip to the Devonian through Permian in southwestern British
Columbia.
__Post-conference field trip to the Carboniferous in Arrow Canyon in Nevada.
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