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Abstract. In this paper, the author reviewed climatic and tectonic events recorded in the deep-sea cores located
in the Southern Ocean sites based on sedimentological, geochemical and paleontological data. The author discussed
the relationship among bioevents of calcareous and siliceous microfossils, The
opening of the Tasmanian gateway and the subsequent development of the Antarctic Circumpolar Current occurred
near the Eocene/Oligocene (E/O) boundary (ca. 33.5Ma), led to cooling in the Antarctic region and finally large
The earliest Oligocene cooling caused the Oil isotope
positive excursion, high productivity of biosiliceous sediments and deposition of ice-rafted detritus in the Southern
Ocean. The Drake Passage had opened to surface/intermediate water either at 32Ma or at 29.7Ma. The opening
of this gateway has not affected the cooling during the E/O transition.

Faunal and floral changes of calcareous (foraminifers and nannofossils) and siliceous microfossils (radiolarians
and diatoms) are gradual or stepwise from the Late Eocene through the Oligocene. The warm-water species
gradually decreased and disappeared during the Late Eocene, while cool-water species rapidly increased just
above the E/O boundary. However, the serious extinction events of each taxon were not recognized near the E/
O boundary. Several origination events of siliceous microfossils near the E/O boundary may be related with
appearance of upwelling divergent margin and the subsequent high productivity event in the Southern Ocean due
to the formation of the Antarctic Circumpolar Current and/or global cooling around the circum-Antarctic region.

climatic and tectonic events.

expansion of Cenozoic permanent Antarctic ice sheets.
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PHAEROHEREREEIL, RN E (Icehouse) L IRBE7RIR
% (Greenhouse) DRFHIZHEVIRL T&7. ZDOHEKEL L
T, KEEOEUE, BEHET ZAOE, WiRHROE{LiEMN
BA BRI, ZIUCHE S HIERR B OBREEALIZ, AW oiElt
WCh KX 7058 % 5 X1E L T & 7z (Crowly and North, 1988).

REH Th o I ERD B WE=AUTT T, mMEiEARE
IR EIR L, KHROKRIFTFEEL THW o
72 (Kemp and Barrett, 1975 ; Hill and Scriven, 1995). &
ZAN, WHEEAOBE GRS s &,
FEMR AR PEICIIOK R 23 L, & OICAmMGHETT (Antarctic
Circumpolar Current) DFERMNFELL ZHEFT S+, AR
2B~ 4T L 7= (Shackleton and Kennett, 1975; Kennett
and Shackleton, 1976 ; Kennett, 1977). FfREL THELU 2 Z
O OEEE, MK THFEOIREMEZ LS B
Wi, JEREEEROAIE, o ARRREE D & OIRIBE 2T
DSFAMGATIT & CTEIE S Z & 2050, mokE & B I hE

MET 2 DICEERBEEZRIZL TWD, £z, WolzAXK
R EI D L, BT VR REHRICE > TR A&
DREPEH SN2 DT, AR TEIEER I mEI
HTT D, SHICZOBHAPRRLR->T, BIHELFRL X
0T, ZOWHE TH I VWRBAKPER S D L 5 1T oz,
A BT, BEEAKTALKTEE & BRI O S IR TR
I, FRENALKTEFEGEE K (North Atlantic Deep Water
DIBE NADW & #£350) 8 X OEIMIE/E/K (Antarctic Bottom
Water : LAFE AABW & KFT) EPRENLTWD., ZhicxiL
T, HH=ROFTHI T, READERITT L AEREE T
R E N AR R T — T RMEICH Y, £ 2 THRHEER
J& DR A TRFEIENT K 0 S IREE DS E < 7o TUERE L 72 iREE
DEVAK (Warm Saline Deep Water : A% WSDW & #50)
DIIMEAS LR L, LB REREK 2R L Thizb L
V™ (Brass et al. 1982 ; Prentice and Mathews, 1988 ; Kennett
and Stott, 1990). Z D X 51T, FEMRKE - E RIRIER O
B, WHERRE K DRSS DT, W =A% D
=RCUCD T TOBRBE LML D Y AT L &2+ 5 1T,
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B1. A AFRSCTHEM L 2K EE o ODP =27 (ODP 689, 690, 699, 703, 738-744, 74835 K 1'1090) #EHIHE A # X U'CIROS-1=2 7

T 5 DA (.
R LA Z¥gk, ScS=Rav 7 #E, STR=fZ A~ Vi,

SRR, BUEO PRI, Bk & € ORANE, PRI O ERWHTR 277, PB=/3U = /)Vififh, DP=
B: ARG SCCTRE U 72 ALK VERE O DSDP 549, 563 = 7 il il s O A7 4.

Fig. 1. A: Map showing the localities of ODP Sites 689, 690, 699, 703, 738-744, 748, 1090 and CIROS-1 around Antarctica. Dotted line shows
modern Antarctic Polar Front and broken lines with arrows represent the major currents around Antarctica. PB = Powell Basin, DP = Drake
Passage, ScS = Scotia Sea, STR = South Tasman Rise. B: Map showing the localities of DSDP Sites 549 and 563 in the North Atlantic.

IEHEICEHBE R L 2D,

HIEBRDOZMEIRE D L S ICEBIL L 2D EA B DNTT D
728, Deep Sea Drilling Project (LA DSDP & #3t) B X
U'Ocean Drilling Program (PAREODP & #37t) 72 LIk - T
AR AKEENTEZ < a7 EEShiz. Zab0a TR
BT, BRI AR L LA BRI Lo TRIES L
TR 2 W T, AR HERI O A L, RER
iRt (Besk L R3E) 1T X Dmate l, % < OWFEIMT
PNTE e, KT, ERLAET LI 2R (7241
BT DS O RTHMEET) 10, WRE - HEREOLESEE
MWAEMFRICED X S g BE E X e Eim T 5.
AEEICHF Lzl FBAE THRE S V2R E F
Btk C &b % 4415 (ODP D689, 738, 744, 748#15) D F —
2 Ths (M), £7, arAhcifiIntnssifEzs
Ry NBLOEBAEELOT 7 =7 2A X MZDOW
THRIEL, ZRBICESW TR RIEDEHEREOZE L%
BRI, W, ZUH0HETHRESINTH S EAFIL
o, BEEEALR, AKEF /s X OkER & B
HEBCERFIL, WERBEOZEL & b a R ORI A 5%
WL, AHUROMEFEMRIZ OV TIE, ODP 68914 TIL
Spief (1990) @ iy i ff KA A F K Y Wei and Wise
(1990b) o iy G K MAL A 4R AR, 738 H1s5 TiX Wei and
Thierstein(1991) D K& S / /LA FAR, 744155 TlI Keating
and Sakai (1991) O iy Mk SABRPEAAR, 7484 55 Tld Inokuchi
and Heider (1992) O HIELSABMEF & Wei er al. (1992)

1. RRSCTHEM L, TEILEHE 0% O miEes it i< s i
LAREF 7 bAA Ry b I KOV I KB A X b D4R
(Berggren et al., 1995) & ODP 689, 738, 74433 X O\748Hh 51233
T % AL AT
Table 1. Ages of calcareous nannofossil datums and Global Polarity Time
Scale (Berggren et al., 1995) used in this study and their stratigraphic
locations (depth: mbsf) at ODP Holes 689B, 738B, 744A and 748B.

Depth (mbsf)

Datums Age (Ma) 6898 738B 744A 748B
C10r/C11n1n 29.401  100.23 - 115.01-115.58 -
C11n1r/C11n2n 29.765 - - - 96.5
C11n2n/C11r 30.098 103.38 - 118.29-118.45 99
C11r/C12n 30.479 104.38 - 118.79-119.93 102
C12n/C12r 30.939 106.88 - 124.30-125.47 105
C12r/C13n 33.058 116.71 - 139.00-139.50 113
C13n/C13r 33.545 119.7 - 146.77 115
e N
C13r/C15n 34.655 124.09 - 155.40-155.90 -
C15n/C15r 34.94 125.07 - 157.90-158.30 -
C15r/C16én1n 35.343 128.33 - 161.30-161.90 -
ot s - wme -
C1énin/Cién1r 35.526 129.7 - 162.40-163.40 -
C16n1r/C16n2n 35.685 130.05 - 164.30-164.90 -
FO Isthmolithus 36 - 4015 - 128.95
C16n2n/C1ér 36.341 134.02 - -
C16r/C17n 36.618 135.77 - -
Ege@teatlculofenestra 38 _ 63.92 _ 142.45
C17r/C18n 39.631 153.7 - - -
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DORIREF /b BFEREZNENMEH L, Berggren et al. T5. Lo T, EFEMEHERENY) CIRD o2 e Y 2 5 5
(1995) DEHEREF: & D*tE A T 72 (F1). T5HZET, KRBIER L - 23 E TX %, ODP D744

28, RimSCTHEMTS TMAEE (Southern Ocean) | & SOTASHI R TIX, AAHETHE Wit R (LIBRE,OBESt & &
I, KOEVE, KPEFE, A v REEOREMEREL TV 5 Y 7o) OEH (HHIRSMEAEF O C18n), 73818 TikCl2r
T, —fRITIEEIKEE & e (Antarctic Ocean) & R DI, HIR'EF ALAEERIEFICIRD DEES#E S
N5, Fodth &2 XKE$ 5 MR R EIE RS, TR T2 ([X24).

IXFEFEA0EE AT 1T & 5 HENVH AR (Subtropical Convergence) 72, ODP 74415 Cid, IRD & & b ITHERE L 7=l
F VAo 2 @R L TS TWS (I, 1989). ORFOEFEEACLInICEHE TS ([2A). Thbnl
D, BRI RE THEFARIC £ CRIEET 5 REBL KR,
BAXEOHBYICEZ SAE=RIEA Rk R c R S e 2 L VR &5,
KEREMERBIN S A=A N HREYOERNSH AR+
R B DV 0 T, IRER 23 22 WREINC (33 1 R HERE FESEYNE, EALTERIC X 0 KD MO EFT L, 0
WIISHERE U, JKER DL RITIIOKIM pRHERE )~ & 2L 3 5. BRI 5. 22T, HERYTh OR S ORI,

DX D R, BESe L OMRIHEREY 3% <, i AR, iR LB & 205 2 & T, BiTHOKEZHEE
oKL A 72 & TR e U R R E 35 D 118 TED. KB DS L, BAYVFAFERAATZA R,
L. Fiz, REGLZWH, HRESCHHE T REOE F L L TEFRRILIC L - TR S S, AL, Bdri

B2 BRI RIT T 5 IR E TH S, ZHITk L T, 772 E OB TIRM AR, %EIWEOFHEMAKE
W T, KR RWRENC I3 A bR S D RERBE TR S5 (J2 & % 1XRobert and Kennett, 1994).
HRUBASHERE L, KRRt 280 & TORIKRATEEE L 2R, —J, WO A T4 e T4 NOEHEREIE, £
AKHNT &> TEIZIIOKEEFERHERRY) (Ice Rafted Detritus DBEEHORE (BRE - TRECE) 2 BIJIROKI 72 L
% 72T Ice Rafted Debris : LA IRD & K50) 23KIEICIRAE T X o THIR S hiztk, 1L A LRULEZ T TICHREL 2
?I\%Z) 'g %‘ ﬁgg?t:?ouggztr:io:n:a;?eﬁfal Clay mineral composition Accumulation rate of biogenic materials
u £ 0 0.I1 04|2 « 0|.5 0 5? 100 O 5? 1000 0;1 0;2 0;3 (g'cm'z'kvf_1)
(g-cm'z-kyr'1) % smectite % illite + chlorite (I) 0.1 Oi2 0;3
30 +
2
g
3112 2
O Y
3248 S § s
33 il Eg
13n c g
L S
34
35 % Hole 744A
o
&
362
|
37 1
° Hole 689B = Hole 689B (benthic forams)
g """"" Hole 744A = Hole 744A (biogenic opal)
38 — = IK IE IE

2. A: ODP 74441512 3 1F 2 WA 2> & RIEer 12 2210 T OIRAEMIERL - O HFGE  (Salamy and Zachos, 1999 %
U BROT VT Lot (ODP 738, 74436 X O748MLR) 123817 2 KB EMHERE ) O @153 46, B: ODP 6894 X
U440 AT 31T D R IGAAHIE 2> & BRI 2> T ORE L3RR, (Ehrmann and Mackensen, 1992 2 2(4) . C: ODP
68946 L O\TA4H S B 2 AWk D4R (Diester-Haass and Zahn, 1996, Salamy and Zachos, 1999 % (%)

Fig. 2. A: Accumulation rate of non-biogenic material from the Late Eocene through the Early Oligocene at ODP Hole 744A and
stratigraphic distribution of IRD at ODP Holes 738B, 744A and 748B (revised from Salamy and Zachos, 1999). B: Percentages
of smectite and illite + chlorite from the Late Eocene through the Early Oligocene at ODP Holes 689B and 744A (revised from
Ehrmann and Mackensen, 1992). C: Accumulation rate of biogenic materials from the Late Eocene through the Early Oligocene
at ODP Holes 689B and 744A (revised from Diester-Haass and Zahn, 1996 and Salamy and Zachos, 1999).
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BAITHENT % (72 & 21X Diester-Haass er al., 1996).

FIATE (ODP 6893 K UN744 1K) T ORE LSRR D
MIEIc L B L, AAX T2 A4 NXBREFHICIZZ VWS, E
S OB TREMT 5. ¥, 174 o mTA MNIES
OBERTRML, WiHtt TV (M2B). ZDZ&nb,
HIAHETE OB AREIL, WEOFEHEINKE < Jfb 13
WCBDONIIRBRREICH - 7205, E/ OBERAMAIINHK
RDPER LI 72 Z L3025 (Ehrmann and Mackensen,
1992).

BERRGKLENSHTI=A R+

FEE R fLHRSCIE A LR OB Z TR T 5 IREEH O ER R
FAREE (§%0) DEND b, FEMRICISIT 2 IKK DA
BLEORIZHONCT S 2 ENTE S, HIEZDE0
B1%, ZOEESERL TVl & 0K L KEDEIC
FoTkED., ZoZLzRALT, FAERICBT LN
LB ERD D Z LN TE S (Zachos et al., 1993; Zachos
et al., 2001).
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BT, W IR ARG AL R O BOME O - F-H 236 [EIFE8
b, N0l (Cl3n DA 33.5Ma), Oila (Cl2r
DORFI#I:32.8Ma), Oilb (Cl2rd#%#:31.7Ma), 0i2 (Cllr:
30.3Ma), Oi2a (C9r/Cl0Oni4t:28.3Ma) ¥ LTV Oi2b (C9n
OB 273Ma) EAM T BN TWS Miller ef al,
1991 ; Pekar and Miller, 1996). Pekar and Miller (1996) IZ,
P RFELE= 2 — ¥ ¥ — P — P TR S 7z 3 HL O HEFE
V= v R LK EE B R A S L, S5 6[RI 0650 E
O _EFID, KK X DWAREDERT & —FH L TND
ZEERLT.

—7J7, Zachos et al. (1993) 1%, SBOMEMHLHEE L JEfE
FKIEA1CE L TLC X 0 RDEHTOKEE IR S 115 & KE
L, TORILKEELZHELZ., WTNOHETH, K
RIZE /OBEFRAHIE (OilfE¥%E, Cl3n DHEJE) THAL, B
KT 5. Z0%, KKRITHENT D05, w8 HEEE 5
FAHE (Oi2a/EYE) THOILKT 2. iz, KEMAADRM
EE2ACLIRET D L, BHRAHT I/ N ZROK R 2N
MIER S D505 5 L L iz, KB Z2EOKE A

OllOE IR S iz Z LicL T, oh
DS ORISR TR T b [FEE DfE R 235 & 4L

o g &% T - 81302 — THKY (Barrera and Huber, 1993 ; Salamy and
25 ot foreminfers TR Y T Zachos, 1999 ; Zachos et al., 2001), IRD D7+
e I [ ;;m 15, HERIH DR LSRR O R 5 b X
° W || e " er v ) Bshs (K2, 3).
ik e i WFHIZLTY, E/OKREH (OiLEH)
Gt g d i IR U2 PR e O R BB 72 K PR ST R &
° da¥ gg T e EZLFHLATHS S, AT, Zachos e
N 3 . 5 .. al. (1993) MR L 72X 512, E/ OB
) s, e RN R b PR AR 1 NS TR T 7R VKBRS
e agee | g6l oo FEL TV LW, EE, wRHEOREH
w8 % T e u}i "o s CHEEI SN2y (CIROS-1) (21X Ltk
- 6y " ) E; L FHEO KPR DS L S0 T35, 3k
. ’ g o0y ¢ gcés;? °ore o hef 720K L < bimf£7k¥ﬂ®§f€_ﬁ%75), Z O
. s 5 o L RETHELTWED L ARSI TN
35_% e°'.89 +'$++O?is> if% 2 (Barrett et al., 1989 ; Hambrey et al., 1989 ;
Y e S Ehrmann, 1998). %7z, ODP 0% 119 Ychiifi
a7 ] P ‘ * : NI (7395 5 7A3HL5) THRH! X L7z HEREH DMK
w2 b A o N SBEL 5, BoY, RHEEHHO T Y v Y EEL Tk
o < 4 RBFEL STV Z LB LNIZIRTY
Mk ; e C . % (Barroneral., 1991 ; Hambrey eral., 1991).

3. FERTEIC R B FIIAGEHTE s O % IMEHT 12 22 TDE  (Cibicidoides spp.)
BLOEEEA LR (Subbotinaspp.) #xDEEFEFINAKEL & BRFFRINAR L DZAL.

EABAADTI b=V RA R b

ODP 689#5: Kennett and Stott (1990), Stott ef al. (1990), Mackensen and Ehrmann

(1992); 6901 5.: Kennett and Stott (1990), Stott et al. (1990); 738 Hi s Barrera and
Huber (1991, 1993), Mackensen and Ehrmann (1992); 744 #f1 55: Barrera and Huber

BUEDO MM AREL, &EEICEL TWD
e HFEN/NE <, KRITED 7R

(1991, 1993), Mackensen and Ehrmann (1992); 7483 5.:Zachos et al. (1992).

Fig. 3. §'%0 and §'°C records (Cibicidoides spp. and Subbotina spp.) from the Middle
Eocene through the Late Oligocene in the Southern Ocean. ODP Hole 689B: Kennett
and Stott (1990), Stott et al. (1990), Mackensen and Ehrmann (1992); Hole 690B:

ELRENDOT, FME2BL CEEICERR
SETIEBIPN TS, 5T, MEOEY
(F4&40~60BEAHT) 1213 B RImE: & Jidh

Kennett and Stott (1990), Stott et al. (1990); Hole 738B: Barrera and Huber (1991,

1993), Mackensen and Ehrmann (1992); Hole 744A: Barrera and Huber (1991, 1993),

Mackensen and Ehrmann (1992); Hole 748B: Zachos et al. (1992).

HRFEHEI D OFRBURAPFIEL, K~
HuI A & PR e~ i S 415 BADIRIE 215
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FTW5, ZoEMEBETOFRIL, FMROEG ATk
L7ERERERD—DLEZ B TWA M (Kennett, 1977),
T DI KBEN S KEEN DR, IMNLT DL
BUETHL, —2OEKRBKETH- 22 FUFKEE
X, Vo REPLRHEBEL, AV ROT 7 U IR
XA FEACEICHE B ARED SO EE LA 72 (Lawver et al.,
1992). BT A DAL T 7Y H KL —HEICEBEARRES
DHELAGRD 503, R & IR E L ToRB->TED,
FAEMRIC R LA 7SR SIS 2 LT, MRS
CRE LTz, A—ANF YT EEmRARES AfICHH %
BIEA L 7223, MRBEDRNICHEE (¥ 2~ =T Mk
T2 DIEHERICRS>THLTHD, TG DOWFEIERK
STk, mEMRRRERITA KRR BB /B L R MR
WOTER L, BAEROEBINREITL 72 (Kennett, 1977).
Thebb, BEERRLZT 7 b= ZA X M, #BE
TEBRPHET R 2 AL S8, SR OYEEREIC L K&
REBAE B2 e, AT = THKICOWTIE, TORME
B2 LI L CRIEHEE L Do H B8, KL A ZiEEoR
BRICEA L TR E L TREX RE RSB ST 5,
TIENL ZRIEL, WIS T 2R RIC SN\ TH
RT5D,

- >
—

BRI ZTHBEROIE

F—2 N VT LREBOREKRE?GE L3 5k EE o
BB DS R T, WkEEDSSUIRTIGH 0% Ic A T
LHETE I TWiz (Raven and Axelrod, 1972 ; McGowran,
1973). D%, DSDPHIOUMIMEDOLEL S, F—RA KT
U7 LR OmKEORICS DUERESILRL, WM Ea
WCHBEL 2D XTI e B A b ko ik
(Murphy and Kennett, 1986). i#T4F, Z @ HuE o HIRE X
RENEF 2 EOFREMTDA, A—2 T Y T —EiE
W OIRHE L, P (44Ma~40Ma) 120.8cm/AF
725 3.0em/F I NIE & 41, BT oP# (33Ma) 12134.6cm/
FIZEE L 72 Z E A B AT S iz (Royer and Rollet, 1997).
F 72, ODP HISOUMIUETIL, ¥ A~ =T DO IE
BEBELPICT B0, B A~ AT ToMS (1168
~11725) OEBEIMTDR . TOREICLD L, %
BRI (37~33.5Ma) 127> TRk & A — 2 k5 U 7 D
W DRl (& A~ V) BNEEE LD, 2 A~v=7
WD - ERPBFB L (K4, Zhb ol T,
BHhAFHE OHEREY) DG Y D Z VRS T~ 2L N D
DRI D DOITR LT, it DI OB A IKE T/
bA 72 & OfIbA 28 DR LA I8k L TR0, E
S OBERTRERBEELSLEAEL TS, ZOEMEL,
LH#DE, BAZ=TWEBEORKEHRILKIZ, E/OHER
1T TR S NI ATREME DS S . T i B VW T b #Z 2=
= TR TR AT, BRIEK TS X O Ichke o T,
Lonl, #A<=TEEOFRA CRFEHERD <k, #ke
L CRTPHEOR~EEEN ST 58 (E4A—2 7
U THER) OFELZIT T L ([K4).

BT W B AT 12 36 1 2 R KPE D e
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B4, kA (43.7Ma), BRI (33Ma), #HIMHT
(26Ma) IZ31F % # A~ =7 fip# D1 G (Shipboard Scientific
Party, 2001 Y 5IH). STR=F 4 A~ V. R0 RF
IR, BOORANIERERT.

Fig. 4. Reconstructions of the Tasmanian gateway opening in the
Middle Eocene (43.7Ma), the earliest Oligocene (33Ma) and the
Late Oligocene (26Ma) (from Shipboard Scientific Party, 2001).
STR = South Tasman Rise. Gray and black arrows show warm
water and cool water currents, respectively.

FLAYBROMRK
BE, M7 AV B KL BEBKEOCMICIIR 22 7R
FOR LA ZHRPEEL, KPS KFEEEZ D2 R
Lo TWD, ZOHUETIE, B DRSS IS AL
T B0 TOVIERDEANCIER Lict#, 223> 7Btk
LTRUA ZHEEDRER SN EEZ SR TND (K5).
23T TG (Chron 8) LA 2 7R+ Huk
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5. WEHHEDS S FHAIS T TO R LA 7 kDl (Barker, 2001 & W 5IH) . A: LA Z BT DHFFEE DN &
RO FFM. B BT ORI T2 K LA 7o, C: gi¥ihEiitics i 2 K v A 7o nX, K

D & B O RENIPEEE2000m AR 2 4L 2 TRIE I &2 7T

Fig. 5. Opening history of the Drake Passage from the Oligocene through the Miocene period (from Barker, 2001). A: Summary of
ocean floor ages and directions of opening around the Drake Passage. B: Reconstruction of the Drake Passage in the early Late
Oligocene. C: Reconstruction of the Drake Passage in the Early Miocene. Deep water currents flowing under than 2000m isobath

are shown by gray bands with arrows.

KO HER S I, T DOUFRIF27.0~26.5Ma LI AAK 1T
JERZBME L 72 Z EMBE SN E 7z (Barker and Burrell,
1977). FERREBISE WY 2R OIEKITEN LD E
<, Chron 11LA#% OHIBE K DFEFIET S T & 5*529.7Ma
WX HEFE L S R S LT /2 (Eagles and Livermore,
2002). L2xL, Ny )VBEOIEKREEOFELL, K
P~ RTEER DK IE, 1 EIE32Ma iR St T 5 R
f#d &% (Lawver and Gahagan, 1998). 725, K¥E
L RVEFE 2207 SHEEIE, RPN/ TR IR W T
29.7Ma ZF 72 1F32Ma I[ZTERL S dU, RN T27.0~26.5Ma 12 A
> TWOIERMBEIE L, 22~1TMa £ TIZ N LA 7 i)
G E THRWTREKOIEER b FIREL 2 0, RIFHED N
LA 7SI WIS 352 L 72 (Barker, 2001).

EAmEE R O R K & BBk R DIEX

BEIBHH BB S N X A~ = T B OIEKIT, (v
NP — RS I 1T 2 E MR o R 2k L, H e
R HIE > & B~ DBAD R 2 151F 5 L 9 1T/ - 72,
E/OBERMEICAHA LI RINKLD 231 7 (0il), IRD,
LSRR D ZEAIE, WL D 2 ORI IS4 T
e EFRTE, Lo T, A= THKROILK L
i < JE R O JR A O T AR BT i D FE b
EEIERI LI LFREVWAENWI S ICE RS, HICE

W IZ BT, KRB ZKEED A v REE— PR3
FAREZ T NI ENTWS Z b, ZAT=T
HEE DIERNCE T 5 A X b DR O KK R D 5
&l o T Al ReE D S (M6).

—75, K= RPELEM OWERE O RIE, HEHR O KK
LD L% TH-o72 5 LV, Latimer and Filippeli (2002)
1, FERATEE TN Sz = 7Rk (ODP #1177 AL HE,
1090H15) D AYTi B Z2MEt L 72fE R, 32.8Ma (Cl2r i F
) &ZBEE LT, HEWICEEh &R ITREOMBIEOE
ISR AR DS DU IEHAR IS b L2 2 L AR L, Fhi
EWT DR ARER S Z ORI ED o L LT, ZOJK
K% R LA 7iEROFRICKRD 2. Z0FEMRIE, Bk
RO (Oil, C13n D& Rl 25705 FREE <,
Oila (32.8Ma) DKL —FH L T3, LEMB->T, ZD
HEEE DIEERIT Oila O BIHILoKKE DIER &5 X8 2 L 2 7]
BEMEAS 5. LL, 32.8Ma &9 EMRIT, HHRLKOR
B BRINT Y TVIBRZ OIEREF L 0 L B
W, E7z, ORI IIE A TR EAE U T
BY (Barber et al., 1991 ; Diester-Haass, 1992 ; Eagles and
Livermore, 2002), AlTi ltOEJR A FMFT 2L ERH 5
PH Ltz

AR X 51T, KHFE— KFEFICR T 2 MR O
DAMHNTI R S B B DI, 29.7Ma> S Th 5 ([X6).
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X6, HHAEGEHTE D DB IIEHRTHC N T TOMAEDT 7 F =27 R
ARy k& Miller et al. (1991)1C & 2 BESERINAR LA <> b (Oi
ARV N) L ERTNDA R N OERIZLLF O E Y BIHL
7z. (1), Miller et al. (1991); (2), Royer and Rollet (1997); (3), Lawver
and Gahavan (1998); (4), Eagles and Livermore (2002); (5), Barker
and Burrell (1977); (6), Shipboard Scientific Party (2001); (7), Latimer
and Filippeli (2002); (8), Beu et al. (1997); (9), Barron, Larsen, et al.
(1989); (10), Schlich, Wise, et al. (1989); (11), Barker, Kennett, et
al. (1988).

Fig. 6. History of tectonic events in the Southern Ocean from the Middle
Eocene through the Late Oligocene. The ages of Oi events by Miller
et al. (1991) are adopted. References of each events are: (1), Miller
et al. (1991); (2), Royer and Rollet (1997); (3), Lawver and Gahavan
(1998); (4), Eagles and Livermore (2002); (5), Barker and Burrell
(1977); (6), Shipboard Scientific Party (2001); (7), Latimer and Filippeli
(2002); (8), Beu et al. (1997); (9), Barron, Larsen, er al. (1989); (10),
Schlich, Wise, et al. (1989); (11), Barker, Kennett, et al. (1988).

Z OFERIE, WO PHRICED 55 0i2alciE <, K
VEPED~ 7 Rl (ODP 689#15) TH#IDIRD 25380 5
NoHEH L —%425 (K6). BZEHL, ZOREICKERE

BT W B AT 12 36 1 2 R KPE D e

— KREPE OB SR S, A > RS K FEREO B
FETHRCBEI S N REARPREEKREE~TATS L5
iZheofcbZBz BN,

L7221, Mikolajewicz et al. (1993) 1%, 2> Ea—&
Ral—va VORERPL KU A 7 HEOILKITETREED
WARRICKERBARIEIS RN L E2ERHL TS, &
U AUHEEESR OZLRIR & 720, KR H O CO2i A
bUTe &Z 2720573, B RED KB KR DR A Z X
DEKHPHTEDLFRLTND,

BERBOLEEN

BUE DWEERTE O—WAEES B, JERTEER
X OYERTEEE, FREHE, TLCHAETHDL. b0
MUk TIE, WERED P~ R B R e R AR AR L -
THFERBICEITN, —RAEEE THLIEROBEL AL
TW5., Z0H, ThbOMl T, EEAEYIEENA
FICHERE T 5 Z ™Mb T3 (72 & 213 Lisitzin, 1972;
Leinen et al., 1986). Z® X 91z, HEEWFH OEEKILA
(EhEga L ) DERERIT, BEOWEREAFE OiE
HLLTHWAZENTES, F, BERBICRBITSLAE
EETIDYERIY, E~Z O EL126T 0T, KB
DEES (BEAFILBRZIICH & LREAAEYOR) b
KSE5, S6iT, BB TEMEENIERICR D L AKE
WA OEMREEINT 2 2 L h, ZHbL AN OfRE &
LTRES ZEMNTE D, HERMW oA IKERALA OEEIRED
RV, A LR OEREDORED, CORGFEEDIKT,
EAGLR (EAGILRFZEEGLR) Lod e
TERENSD (Berger, 1973;Thunell, 1976;Berger and Diester-
Haass, 1988).

Diester-Haass and Zahn (1996) (%, I ARWEHE~ T Kl
(ODP 689#1,5) THEAFILIMOERELRFL, TOMEH
HEIRAHT I TR AS, SRR S R L,
FtTIEEDOMEITHEVEML W LR LTe. £, %
BilhaErt (131$35.8Ma £35.0Ma), E. /O ERFHE (131F
33.7~33.4Ma) ¥ L ORIHI#ECHH#H (32.5~31.0Ma) 121, &
AF LB OERMENEINT 2BE RO D (K20). —
U5, TV YER (ODP T44M165) OEEE AWk T O
EREL, E/OBFTAEL, Webrit ogHic i3 amsrit:
XL EWEEZ LD, ZoHETH, ESOBERME (1%
1£33.6~33.0Ma) & RiTHIEEETE (%32.8~31.5Ma) ICTEEFE
BEOBWENALNS (K20).

BUE DO REEICIX, YEIRO BTG5 @ OB B 215 1F 5 Kl
DR8I FEHIR 72 & OWEFERE S G PRI
HHND, T, EERKEDEOREEE £ 05t
MOMmPERIC LY, FREE & v EER (B R 23
EFNEFNRINTND, Z0D, MEHEDORMCHIZD
FAMRIS AR DS KB R IB A L e o TR Y B HE
FEYIPRKEICHEL TV 5, BREE TIRIERIC 230 577,
E/ OS54 (Oi1) & Ri#IEET it o R4 A~ k (Oila

- -
— -

- =
PN,
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P25 Oilb) ICHY 3 SRR, EEEHEREY ORESHINL T
W3 (M20). BEHL, ThbOEEICIZEALHEST
L, BUEDORIBIEHARD X 5 BB M AT HELL T
BRRNERICR B BND, HEHRBY O8N+
LR AN VIR ORI L D BNz &2, FL
A J R TII e < A~ = THEE OTEER DS Z O FEHH O H
BICKERREN AR LI 2015, £z, A
BT 2 EEE AW FOLES) (K2C) 2525 L, WX
J& DAEFETTIE3IMaRTZ IR T L T o T2 ATREMEAS & .

REKDOEAIZDEL

FTTIRBAR7ZE 91T, HH =R TIET —F A TR S
NIz B - TR O WSDW & BRI 5 KBRS LI LA 72
REBKEZEMRL Tzt T5E 20385 (Kennett and Stott,
1990). —J5, Wigittic/2 s &, KRERZOKKOEA L A
FERRMEE 1 X 2 205 CRIME A R DR @K B H S 41,
Z O TIEEADPER S D X 91275 e aTREME DS E V.
Tiebb, ERLDEE - IZAEH D & B & v 5 FR
Vi, VEEAKDRIREAMEREEE D & S B IS~ & 23 B R
DREpHF—=vIRA L NTHD, LrL, BHthH
DA B ETEIETHE I 2T T, REKOBIRS E Zicdh oD
MERFET D Z EIXMRRE L TEHLWHETDH Y, BED
FHRDFENTWS,

-
—

FERBKOERNMEBEICH 1L T 55

W =AU D KOG PBAWSDW OFZ T I H
5L BREYNCHER L 72 D1%, Kennett and Stott  (1990)
Tod 5. ODP 689 & 6905 (FERVEHE~ Y NUER) O
JKEEIE, HHEAETH A & RTHIEEE : (35~30Ma) (23T
A& 231600m THE 23I2400m LHEE D (Mead er
al., 1993). Kennett and Stott (1990) 1%, JEEA FLHFROEE
FRENAREE OFERD 6, dafTil 2 ST i OHIRITIE, X
D ¥ ODP 689 i f5 13 72 VW 4 H J& 7K (Antarctic
Intermediate Water : A& AAIW & F50), X Y ZEVODP 690
Hi S IIWSDW O ETICENEhLd - e & L 7.

% D14, Diester-Haass 1%, ODP 689512317 % ¥iEiE
FIE DY ERER L S T ORBEIEIAG & OBERZF A~
Z OHLSOBEKORIR A FRE Lz, 51, WESE
DRI Z R, KO FRDITBAE L B bR, F
2B AAIW OFERIZS D EL . LT,
i OBRBSIE OB &R SV iE, KELOME R
LicthR Lz, ZOBACE2OOTEERD Y, K8
DAEFET DI < RIS T O REBE O RIFE D BAF TH I,
PRI CILRERHE IR L /- WSDW MR A LTz £ % %, F/E
DEFES MK YR TORBIEOEM L HETL TV DS
I, RESHEICARAIRN 22 K8 TH 5 AABW DNEA LTz & Al
L 7z (Diester-Haass, 1992,1995,1996 ; Diester-Haass et al.,
1996). 1% b DOFEFIT X 5 &, 68915 TITWSDW 234 4k
FHrithiz 1[5 (35.5~35.3Ma) , AABW 238 i it 10A] (35.3

Ei
=]

20034 3 H

~35.1Ma) LA L, LIS ORI TIE, Z oHiX AAIW
DEBTICHoTzHEL TWD (Diester-Haass, 1995).
Ei, TV HER (ODP 74440,5) THREBEORE %
TV, WSDW D Al st (36.1~35.3Ma) & ATl
T (%933.25Ma) , AABW Dt A i3 ks i (738.5Ma
£35.2~34.5Ma) & RIHIEHTH (£933.2Ma &33.1Ma) (T4
U7z Z & &R L 7z (Diester-Haass, 1996).

Fiz, THEIFRNC, BAEFEORZEEHEL (ODP 689,
690,699,703 ) DIEAG FLEBDEES - IRFEFALIE L O
Zem B b, 42 ~ 26Ma OHIENICIZIRERR/NE DS 1500 5> 5
2000m PIFEZICIFEL, EEICIESIR - SEERE DK
FAEL TV Z MBI TS (Mead er al., 1993).
L2 L, ZOFYE TIE, Kennett and Stott (1990) 23fEfE L
7z &9 72 WSDW IX 7038 TIXFBd 5419, 2 bvic, Jb
U7z WSDW & b K V¥ & ks T Al S iz BEE K
(Northern Component Water @ LA NCW & Kit) DIREIC
L RS NIZRIEARDBZIRAL TWe L EIRL TN D,
NHOWFENRG, MAFEOBEEAKIZEL T, WIihol;
AT LT BT £ TITWSDW 2MEEL TW2 Z &4
TRIND,

-
—

FBKOERNEREICH 1-LEZ D

Miller B DRFFE 7 Vv— 1%, Wigith s 5 gt & To xR
FRMAE (5BC) Dl L ~NA T A X X DORFZES A & ALK
VEFE, FBERVETE, BRI OURIE R EECRa L iR,
Z ORI OGEIERK D ERERIGIIMARECH D, %
 (K937Ma), it D HATH (§933.5Ma), Tt o> o
(#128.5Ma) D 3 DOMHICZ DL R L7z LR L
7z (Miller, 1992 ; Wright and Miller, 1993). Z L5 D
i, L ERTES0 A, 7 L RIFFICEZE S LD,
—75, 8VC ORI, —fRICIATFRERIRE N < %
BN Z L NI LD, BEWSEC O AR sk 237 )=
KOBPFIT L VLN ERRTZENTES, JLRTEHEICHT
9% DSDP 563 Misi CTiE, midimigrit o (33.3 ~
32.5Ma) ICIRFEFMAL (§8C) OHMMBED S, D
I ATEOSPCHE LY bEV., 2D Lk, BEKD
EIRIFALK I & D, BIFE DO NADW ORIE Th 5 1EE K
(NCW) 22 OFFHICIT T TIER SN T EHEE S
% (Mead et al., 1993 ; Wright and Miller, 1993). J 724
HMiller 5D&E 21 L5 &, il TNCW & SCW (Southern
Component Water) D20 DIEBKATER S 41, PRIE/KIELR
CRERFEZ R L TWEL LW, BIfED NADW 117
V=YV R=/ VT =—{TERIN, 77r—— =
k7 v RYE#: 28 U TIERPEVE~ & AT 5. BT, Davis
et al. (2001) 1%, NADW 2L KBEENTEA T D Ricd
72 % HER D REIE & HIBR IR X - THRETL, ittt o
IR - TIEEADRL TN\ 2 & ZHERR L 2.
Thomas (1990) b, EFKVEFE~ T N (ODP 689% X
V690 HIS) P HEMT 2 IEARLRORERLEHRFTL
ToRERR, hHAFHE OB LR LIE=RITHT T, EEAK



{EAET73%

ORFIIFEMELICH T2 BEZ TS, 51T, WK
THIGNTWD IRELRNA A Z 2 DIFEILIEE T OTEE)
DL 7250, E/OBFICE L AT 5 KIED A
TA XAV, MEIBHIEOBENC K > TR I Wiz BB
ERICE B RIBRLEEZDZEDTES (Kennett er
al., 19757¢ &),

IO X, MAHETOEARLEOTELL, §°CHH,
A TA B ADIFAETR Ex D, HEIRAETE D b it o
WNCIE, MREEZRRE T28BEBKDFEEL TN Z LI
WX S, LaL, E/SOBRMITICE Z o 72 %8
b & FFROK R DIEARIC X - T, RBKDIEESZ DIELR
VAT AMED XS ITBL LTS I, %O
EERMATRETHA .

IRETH S HEHER £ Oi

AR U7z X 902, SR S Wi = 2 B o HEY
IRk S iR EA X b D% <%, E/ OBERAHE T
ULTHY, ZORMICRMRERRELTZ EA2RLT
W5, I, IbDA Xy MNIBRFEMARLEASA S
DOl L EHEITEEL TWD, E/OBF L, W g A
FERDCI3r D EER (33.7Ma) ICENTEY, it a

BT W B AT 12 36 1 2 R KPE D e

FLHLD Hantkenina J&OFEWK (LA L LA H O P17,/
PISHHES) Ik -oTEFE SIS (Berggren er al., 1995).
% 72, Hantkenina J&3PEH U 72 VWA EER O S5 B HLl, U,
HIREF /LA D Reticulofenestra oamaruensis O (R.
oamaruensis ity & Blackites spinosus it DHEF) DFERDIE
OfEft & —% 3% (Berggren et al., 1995). —J5, OilDfEE
RN DAL Cl3n D FHBT33.5Ma & S THD
(Miller et al., 1991), E/OBER L0 b207HIZEH L.
E/ OB L Oil & ORI Z2BER %, A TR S vz
At (ODP 689, 738, 744, 748#H15) o= 7 TENE
TREET 2.

ODP 689, 738, 744, T748#15Ci%, E/ OBESR DRk
L7122 R, oamaruensis DAEWRIIN T3S C13r O HITHLE T
5. ZHUTHL T, Ol OBFFENAELA N MIZOHE
EIDL EMICHD, ClanoHic@BEHoins (K7). 7272
L, 74853 7211 0ilA X> R BAC13roHICiEsHR ST
273, FDEMELR. oamaruensis DFEIRA <2k XV 10cm
ZEEMIZH DL, WTHIZLTH, Zhb 4HE8TO Oil
ARV N, ESOBROEATELTWS ZEIFHLH
Thd., £, ATV RO 7TEE (738, 744, 748
) ITIEWT B IRDSE 40543, 738 & 74841151 Oil
A XY MEIZORDEEDOHITAEL TS, Larl, 744

MR 72071, OilA X MMXIRD ®2~3m Ef7 T
kS TWD (7). $72bb, E/OER

e ODP Holes 7o BISIBRET I IC A5 C, BEAPE CILEIRE T
Age é % Maud Rise _| Kerguelen Plateau Age of datums JAtHE (R, oamaruensis) Dl (E,/ OB,
(Ma) | W' | 689B 738B 744A 748B IRD OHERE, Ol 2 <A 7 DIEICA 3 b 33
-1 (mbsf) [ (mbsf) (mbsf) || (mbsf) C12r/C13n: . . N
1 s . s 33.06Ma Lz Ebmns. Bk~ X51c, E/ O
33.0 | o 16T 17 4 140 4 BESFATR TUEA v R — RS OV 23 AL
1 o [ [ <" BIRD 14 X cravotar ENTRY, Z0A Xy BSEEHRAREOES
1 § - 33.55Ma] fbaglEE L, KEBELKIKROFR L IRD D
13 A HREBIXEILE, ZOLE, Ol iCALR
< 214 BIKRREOREAIL, IKKOUEFRA~ DT L 13
33.5—_ E I = :_IF%“%'SMaZ FERED L XL OERIAELI AT TS 5.
i = 1 Z=| FSIRD
><_>é O oigoeons | LTI B UM DLW
— 1161 boundary: 33.7Ma'
:g o bl | (7O oemanenst) E /O 85 CIAE - - MiKIRL O TR0 ki
sa0-] 8 | IRFEROK R DIEANE, MR AR K X 72
Ll | 1907 HEERZ LTSRS, AETIIEA
15 2T i vomosman oy | FECHIMISAUIZODP 680, 738, 744, TASHLR
= zroramier (099 | ApLC, FAAALE, VEEMATLE, FRE

[X7. ODP 689, 738, 7444 X O\TA8H ST R 1) 2 bt/ Wigr i BE R & Oilfig s
PAREERR R, IRD OJEALEAMR. Oil IZBIL TiX, 689 #isiiX Kennett and Stott
(1990), 73833 X ON744Hh,5. 1% Barrera and Huber (1991), 748151 Zachos ef al.

F b, BRECR, EREOSERI LI, %
TEHFTHE D S RS = CoRES (b2 L
FNLNEEOTLICED X HITkIRL TWD

(1992), IRDIZRE L TiX738% L UN744H0 45713 Ehrmann (1991), 7481 451% Zachos

et al. (1992) = EnsIHL 7.

DN 5BLETH,

Fig. 7. Stratigraphic correlation among the Eocene/Oligocene boundary, §**0 maximam

of Oil and IRD at ODP Holes 689B, 738B, 744A and 748B. The maximum of §"*O:

EEFILR

Kennett and Stott (1990) at Hole 689B; Barrera and Huber (1991) at Holes 738B and

T44A, Zachos et al. (1992) at Hole748B. IRD: Ehrmann (1991) at Holes 738B and

T44A, Zachos et al. (1992) at Hole 748B.

FARVEH~ 7 RYEZ (ODP 689 H#i5) T,
EAEFL R OBELIL (Assemblage 3 2 5
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Assemblage 2) (3R (131.81~130.31mbsf, 12136
~35.5Ma) ITFBH HVD (M8). Z OREELALIE, Bulimina
elongata DERCFEL, D#EID 0 & Turrilina alsatica DFIFERNIT
XoTEHIND. Tz, ZO2 008 EL, HicEZED
Nuttallides umbonifera & 3FED Stilostomella DFE | TR D
Fens, Larl, E/OBRRICKEIT 2B RBEA I
O oNSY ARANAN

FA Y REED TNV T L R TIX, ODP 73848 K U744
L, TASHUR TIIRFEERER O RR S, 738 L 744 M
ST Bulimina simplex, Stilostomella SPp., Cibicidoides
ungerianus £ Orthomorphina antillea W EE T & % RE&
(Assemblage 4) 25 Nunallides umbonifera & Bigeneria
nodulosa MMEZFEE (Assemblage 3) ~& L1 5.
DAL, T38HH TIE42.0~32.5mbsf (12136~ 35Ma)
TA4AM 5 TIE157.1~147.6mbsf (1£1£35~34Ma) THAL T
% ([X8). 748 M5 TIX, Stilostomella - Lenticulina F£5
(PCI) 725 Cibicidoides - Astrononion pusillumF££E (PCII)
~OFELRT, BIHTHE (152.49-142.27mbsf, 12136

-
—

~35.5Ma) IZ@EDBENDE., THLOMETHLE,/ OERT
Age | 5 > ODP Holes
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[X]8. ODP 689 (Thomas, 1990), 738 & 744 (Schroder-Adams, 1991) 45
J OV 748 #iA5 (Mackensen and Berggren, 1992) 1Z331F % HFiihsHT
DA & ATHAEEET i O IR A A FL R O B & MM D Ao &
TR XD, FRICRE S TWRWER Y, HHEE oMb —Doid I
FE1RE, JROOMUA—DITHEIERE 1 4R,

Fig. 8. Number of originations and extinctions of benthic foraminifers
species and their stratigraphic distribution from the late Middle Eocene
through the Early Oligocene at ODP Holes 689B (Thomas, 1990),
738B and 744A (Schréder-Adams, 1991), and 748B (Mackensen and
Berggren, 1992). Benthic foraminiferal assemblages are shown in the
right hand of each column. The numbers of gray and the hallow
rectangles indicate species numbers of originations and extinctions,
respectively.
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IR E MR E T2 <, W R RE A L AR T (IX8).

IO XL, MAHEICRITIEAERILBEEDOKKRILE
S OB TIE 2 <, ®MinEiticAE T Tns, JLREET
HRHI &7z DSDP 54918 T, JEAR LR OBELIC
B L CRBEDFE S BN TWD (Snyder ef al., 1984a,
b). ZOHE T, IS BT ORI Nurtallides
truempyi DEREL,  E D% Buliminag JBDMEE L 72 2 D3 %
T ORI TEWT 5. WiHThic /2 B & Cibicidoides &
DMELEET S, Ll BiR L7 X 5 e kPE L ARk, E
O BR CIHFEFE RBELLITTR S, ZEEORWEL 2
BB AR REHE LR 2 1T T 5.

FBEERAR

Premoli Silva & Boersma 1%, KPFFED 2 7k 2 b H
T, FEHTHEDS S WOET I £ T OV AL b o A Y R A
MEtL, (e, PRERLOE/ED 3 2D/ Lv—T1
[X4> L7z (Premoli Silva and Boersma, 1988, 1989). Z®
WA X ICEE DN T, T TIRARSNATNWD 4 LA
(ODP 689, 738, 744, T748Hh) 2 BEEH L lcimEMEA
LA OFEA TR L2 (K9). 2 b oS oRESE
FRICERED I V=T 5720, Catapsydrax unicavus,
Chiloguembelina cubensis, Globorotaloides suteri 75 B SR
LCEHT 5. FREED 7 v—71%, hii~% st
TR RE B 23 & bR <, BTt o%FIc e D
LESIEAL, AT A T L A EER L 72 <
3%,

%72, E/ OBEFANE TITREMM S & DA N2 MR
DHNT, WBHICHEEBRIAZEL TnD, 2ol Lh
O, FEARHEOPRERIT, BHmFtoRaicky, B
FENAELL D OilA N bR D b RWRHIICHER L 722 &
D5, £z, SEERICEL TE, %EBEtH ok
EOETFICHEEL, Oil A R MCHE S L LUK

TN b A Z T T ICHT I £ TAEE OV Z LR
BX5.
RIKEF/ i\

Wei and Wise (1990a) & Wei er al. (1992) 1%, FI K7
FEOHIKE T /e OB 5570 2 % L D, Cold-water,
Temperate-water, Warm-water D32MD 7 )b — FIZX 7 LTz,
AR U7z 4 MRS B0 2+ /brith 2 5% L, EiaE
i T lX Temperate-water taxa 238 L T2 (X10). Warm-
water taxa b FTNCELT 52, HHEEHEO%ZY T
WE AW T S, mT W T i T UL Chiasmolithus  altus,
Reticulofenestra daviesii 72 £ > Cold-water taxa 73E%T,
Coccolithus pelagicus, Reticulofenestra umbirica 7% &£ @
Temperate-water taxa b 5. FHIKEF /LA ORFEEIL,
FRIAARETIE s ST IS N TR 2 Il T 5. £7z, E
/OBEF CIIREECCREMERICE L TIIR & R LidFEn 5
NRND, OB LY _EALTiE Cold-water taxa O PEH B
EERMEINS 2.
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Fig. 9. Stratigraphic distribution of selected planktic foraminifers from the late Middle Eocene through the Early Oligocene at ODP Holes 689B
(Stott and Kennett, 1990), 738B and 744A (Huber, 1991), and 748B (Berggren, 1992).
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Fig. 11. Stratigraphic distribution of radiolarians from the Late Eocene through the Early Oligocene at ODP
Hole 738B (Caulet, 1991). Calcareous nannofossil biozones are adopted from Wei and Thierstein (1991)
and planktic foraminiferal biozones are from Huber (1991).
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Fig. 12. Stratigraphic distribution of radiolarians (Takemura, 1992) and diatoms (Harwood and Maruyama, 1992) from the late Middle

Eocene through the Early Oligocene at ODP Hole 748B.
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Fig. 13. Biostratigraphic correlation of calcareous microfossils among four sites

(ODP sites 689, 738, 744 and 748) during the late Middle Eocene through the
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Early Oligocene. Planktic foraminiferal biozones: Stott and Kennett (1990) at
Hole 689B; Huber (1991) at Holes 738B and 744A; Berggren (1992) at Hole

748B. Calcareous nannofossil biozones: Wei and Wise (1990b) at Hole 689B;
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748B.

Wei and Thierstein (1991) at Holes 738B and 744A; Wei et al. (1992) at Hole
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Fig. 14. Summary of tectonic and paleoceanographic events and faunal and floral changes from the late Middle Eocene through the Late Oligocene.
Ages of standard planktic foraminiferal biozones and calcareous nannofossil biozones in the low latitude are adopted from Berggren et al. (1995).

Symbols of oxygen and carbon isotope records are in Fig. 3.
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