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Z 2| A%F31™ North Pondof| 4] IODP Expedition 3360] A|53 U1383D2} U1384A FojE| A EZHE A&
4ol 2SS BAsl] A4 HOhE AHskn T8 SsEch Asld Zusk B4 Ak Hole
U1383Dof|A+= 3< 1159 432 zu|dlX o] AREE o, P2 E 83D-A (dmaurolithus tricorniculatus
zone/NN12-NN14), 83D-B (Reticulofenestra pseudoumbilica zone/NN15-NN16 zone), 83D-C (Discoaster brou-
weri zone/NN17-NN18 zone), 83D-D (NN18 zone ©|%)o] tjH]|Eth =, Hole U1383D= &7 ufo] @A) UHE
S| 2EAHA] HHE AL, 7P 2 FAA7]= oF 5.6 Ma= 37 Eth Hole U1384A0]X= 34 135:9] 431
Zu|ghA o] ALEE| Rl o, MR EE] 84A-A (Amaurolithus primus subzone/NN11B zone), 84A-B (Amaurolithus
tricorniculatus zone/NN12-NN14 zone), 84A-C (Reticulofenestra pseudoumbilica zone, Discoaster brouweri
zone/NN15-NN18 zone), 84A-D (NN18 zone ©]%)2 E|&]3]t} =, Hole U1384A= 37| ufo] @ A EE| E&to]
2EAZRA] EHE AL, 7P o3 EHAIZ = oF 7.2 MaZ FE AFA S 3] ulo] eAl-57] EEol A
S -2 o] Gl SAIBHALL, 37 453 R19d EE0INE Ao Btk $7] ERtoleA-57] &
O] AEA] Sl 2] o] FRFo] AR} iRl Mol &0l E Ao s 7] EEfo| 2Bl
o] A o= o vl RFGF 0| E Aoz g Hnt

F0: X34 %u|3}4, Discoaster, B2}, 11317, IODP Expedition 336

Yi Seul Jang, Sangheon Yi, Young-Soo Park and Gil Young Kim, 2014, Calcareous nannofossil biostratigraphy
of North Pond area, Mid-Atlantic Ridge and its paleoenvironmental implication. Journal of the Geological
Society of Korea. v. 50, no. 3, p. 309-325

ABSTRACT: Calcareous nannofossils from two drill holes (U1383D and U1384A) at North Pond area, Mid-Atlantic
Ridge by IODP Expedition 336 were analyzed to establish biostratigraphy and interpret paleoenvironment. According
to results of calcareous nannofossil analysis, 11 species of three genera were identified in U1383D and four biozones
are recognized; they are, in ascending order, 83D-A (Amaurolithus tricorniculatus zone/NN12-NN14 zone), 83D-B
(Reticulofenestra pseudoumbilica zone/NN15-NN16 zone), 83D-C (Discoaster brouweri zone/NN17-NN18 zone),
and 83D-D (after NN18 zone). The drilled section of Hole U1383D is considered to have been deposited during the
late-Late Miocene to the Pleistocene, and the oldest age to be approximately 5.6 Ma. In U1384A, 13 species of three
genera were identified and four biozones are recognized; they are, in ascending order, 84A-A (Amaurolithus primus
subzone/NN11B zone), 84A-B (Admaurolithus tricorniculatus zone/NN12-NN14 zone), 84A-C (Reticulofenestra
pseudoumbilica zone, Discoaster brouweri zone/NN15-NN18 zone), and 84A-D (after NN18 zone). The age of U1384A
ranges from the Late Miocene to the Pleistocene, and the oldest age is considered to be approximately 7.2 Ma. The
North Pond area is interpreted to have been influenced by warm water and in stratified and oligotrophic conditions from
the Late Miocene to the Middle Pliocene. Afterward, transitional environment under weakening warm water influence
prevailed during the Late Pliocene-Middle Pleistocene. In the Late Pleistocene, the area is considered to be effected
by relatively cold water and in eutrophic environment.

Key words: Calcareous nannofossil, Discoaster, Biostratigraphy, Paleoenvironment, IODP Expedition 336
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1. M

IODP (Integrated Ocean Drilling Program) Expedition
336> A mAE & Ael7| flste] S
Aok oll f1X]%F North Pondof|A] AlS=HALE: =3
StR.oH, o A= 1 Yeko & S35HA| |3t

A3 20|SHA2 SA Y sl d st
Fom, EZA7] 27 9 18k Hdof 1-83H o]
L= tFarida ef al., 2012). £3] AFA|FoN|A 71 &
F351A| A2 Discoaster+— A28l A1A|37](Neogene)
o] 3] zn|gt o= oF1.89 Mao] BE3t Folth
(Backman and Shackleteon, 1983; Chepstow-Lusty
et al., 1989, 1991). o] &2 ESH Gujj-old H2S A
A5k garele] stow] gopiio] He S s}
L Fol7] o] HHA7) 8 DAL sy
83lthBackman and Shackleton, 1983; Driever,
1988; Chepstow-Lusty et al., 1989, 1991; Rio et al.,
1990; Dmitrenko, 2004).

North Pond¢] g% A<-2 DSDP (Hole 395)2}+ODP
(Hole 1074A)o]] 2J3) o] 6] 12l Folc}. o] North
Pond A|odo] Eals), Esh A2sha £4 W ASA
52 o]u] A7 v} Qci(Bukry, 1979; Krasheninnikov,
1979; Melson et al., 1979; Shipboard Scientific Party,
1979; Timofeev et al., 1979). E3] A4 AF-ollA
Bukry (1979)+= Zu|3}9-& 0]-835}e] Hole 3959]14
7 239 EJ&E0| Amaurolithus primus subzone
o &3taL, EZA717F e 6.1(+ 1.6/-1.2) Ma¥& &
At Krasheninnicov (1979)& £-44 4552 ©]
-&3}o] Hole 3959] E|XE-S 7719 SA4 ©9I= Uhe
om 714 EAE] HAAZE 7] vpoleAl-x
7] EFfo| AL B skt

North Pond #|%52 B33 BAP} )AL 7] o]
Uehe 9P X1 90]7] wzof| o] A Hel 2=
EAES AEFY 9IS ot =AY, AlF 2t
7 B¢ FYE EFEC] £ e EAEl A

tHBukry, 1979). o]2|3t 0|92 XF7HA] o] G

ek o ASA 9 T8 AT R Al
t}. 28E =2 North Pond X|¥e] AJEA W 137
A7} 275 o] Expedition 3360] o2 4=3Y
S dAtol Fa3k 7|2 R E AlFstA 2 Aol w
2hA] o] Aol FALE T 719 A5 EJFE U1383D
o} UI334AZHE AEH A3)d 2n|3idE 0|85t
o] B34 EHE AAsIAL HHAI7IE 550 FA

HH34S B sk ol
2. 97X

SHOA k% (Mid-Atlantic Ridge) <] North Pond
(2246'N, 46 05 W)= sl g 9] Sl A&o= oF 140
km Bl Xof| YX|5F B R 9] W& #A|(8 km x
15 km)o]tivan Andel and Komar, 1969; Schmidt-
Schierhorn ef al., 2012; 1% 1). North Pond= &5~
WA Bk 1Y x| Holx, o Eol|7} oF 2 km
M Solgl 7|uiete] oJ3) B} Azo] TE]
SItHExpedition 336 Scientists, 2012a). ©] A< &
EAGER o|F0lA glom o]55 A A= FEe
AAF=5-15°2 B335}, sfAH-E5-10 me] X|9A
7188 X eltH(van Andel and Komar, 1969). North
Pondi=: Zle] 7}nke 73Ajo] ojs] cizke] HAzol
FaE), ol HHE ol e A 722 5
ElEtiHussong et al., 1979; Schmidt- Schierhorn
et al., 2012). AR GL] A2 4,414- 4,483 mo|1L
4,500 mQ] B BAFAIE(Carbonate Compensation
Depth) Xt} grHFerdelman et al., 2009; Expedition
336 Scientists, 2012a). &2 AFUE R|ZHo] A
5 L glom EX]¢] gl 2 £ 300 m
o] o]E&tH(Picard and Ferdelman, 2011; Expedition
336 Scientists, 2012a). ©] X|H2] HAIR}7|+= Magnetic
anomaly 42 3|4 =11 o|= 7]51ete] ¢d70] 7.43-8.07
Mazk= A& XS Purdy et al., 1979; Expedition
336 Scientists, 2012a).

Site U1383-& North Pond 2] E-5Z&0of 2|5}, E
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& F7= 38-51 me] YHZE YePdtHExpedition
336 Scientists, 2012a; 1% 1). A Z|E|&E Hole
U1383D (22'48.13'N, 46'03.10W; <=~4: 4,413.8 m)=
443 mO| EFET 1 mo| @R & Ao s wa
H(limestone-cemented) ZtE¢to] FzZgltt Hole
U1383D9] E|FEL Al A, Y7 AlROA] 2F7He]
W& minimal disturbance)o] LAY B11E
tHExpedition 336 Scientists, 2012b). Site U1384
L North Pond 9] E-A4Z0] ¢J7|3}a1, Site U1383 2
2HE AZo =2 9F39 km Bl 3ol fIX]8) Qirk
(723 1). Site U13849] H|22 7= Zh 90 e o]
20, Hole U1384A (2248.71'N, 46'05.35'W; 441:
4,464 m)=93.5 me] EZET}0.58 me] dF 2 4
3oz wAsd ZFgeo] Basiti(Expedition 336
Scientists, 2012a, 2012b). Hole U1384A 9] E|X &2
YF TS AQJsHA AlF 5 A = R] gt
1 B = SIthExpedition 336 Scientists, 2012b).
Hole U1383D2} Hole U1384A 2% ebAJu} AR
£ 5511 AR ol (ridge) Aol NS & 5

orth AmericalliiNorth Atlantic Ocean|

22°52°1

22°50

22°48"

22'46")

2274471

6000 5500 -5000 -4500 -4000 -3500 -3000 -2500 -2000

Fig. 1. Location map and bathymetric map of North Pond
showing locations of Sites U1383, U1384 and Hole 395
(modified from Expedition 336 Scientists, 2012a).

ATHLH 2).

VR

Aot F0E)AE Hole U1383D2} Hole U1384A =
7= 43l 20151 Auoh §55L TR AR
02 FAE] Qlrt. =2 A 571A]: foraminifer-
bearing nannofossil-rich ooze, nannofossil-bearing
foraminifer-rich ooze, foraminifer & nannofossil rich
ooze, nannofossil-rich ooze, foraminifer-rich ooze
Z o] Rt Expedition 336 Scientists, 2012a). Hole
U1383DS] Ej1 2] 2, 5 71x10] ool B et
|9k Hole U1384A¢]|4|+= foraminifer-bearing nan-
nofossil ooze, nannofossil-bearing foraminifer-rich
ooze@}nannofossil-rich oozeTto] FEFATH 13 3a-b).

Hole U1383D2} Hole U1384A0j|4 ¢F1 m 7HA S
2 ZF 89719 EFE A|Z(U1383D: 307H, U1384A: 59
NE AR ] T AFA Hol|A] TR A+
OF A5 ZH}lof| o3 wte] Pk AsHA W2 AL

SHOT 3375 3475 3575 3675 3775 3875 3975
CHAN__ 16 16 16 it

3000%%
i

3100

Two-way traveltime (ms)

SHOT 1640 1540 1440 1340 1240 1140 1040 940
CHAN_16 16 16 w2, t.8.8. 0 16 16

2700 (S: .

29005

Two-way traveltime (ms)

320

Fig. 2. Seismic profile showing the locations of Holes
U1383D and U1384A (modified from Edwards et al.,
2010).
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2 QIR|E AR R|9Jat, & 73749] Al(U1383D:
237}, UI384A: 507H) 2 BA3H5Ich A% % mate] of
S HRS X == Expedition 336 Scientists (2012b)
o] B XS arste] A|QJSHHTH83D-7, 29/84A-55
H A R). ASR7 S T2 NEe foss T8
APEZ0 2 dejA] 917 w&of(Kuenen and Menard,
1952; Krasheninnikov, 1979; Melson et al., 1979) 9=
B8 Eato] AAGICHSIDS, 10, 13, 15, 20/84A-1,
4,8,13,31, 42, 44, 470 A B). Y= EXL 3R] 2R}
AATYIo] B-85}31 Q= S3500 Particle Size Analyzer
(Microtrac Inc.) & AMESIG o, ALXH A E
S bl Bego] S 8719 EAE A Expedition
336 Scientists, 2012a), ©|& A|AT 72-$ Btz o
2 78R AR IA AR 7hs7do] 7] whzell A

£ 3R] &ttHPilkey, 1964). 4 3 GRADISTAT
Z2OYos FAXNIE kAL Bt Yr(mean
grain size)2} Zefj(sand), AE(silt), HE(clay)] 4
2] ghERe Aol YeRith(Folk and Ward, 1957;
Blott and Pye, 2001).

WO FIEE AT BE Mg v|EH Y] Fat
AERE=E 9of5}7] 918) smear slideS Al&sH] |
F&u) (DM 2500P, Leica)2 F3f x1000 wij&= &
HE Yk vlEke o] AA Ak A AlRS ATt
HE AlgoflA F 2007]A(specimen) S 2H15H3ITh
nlahee] 22 wletet 7 A u]ah ol g XA
o 58 Atz o Uehfo] AEulES HHSIAt
(e.g., Rio et al., 1990). o] ATolA EHlH n]shae
- Discoasteraceae ¥{Family)®} Ceratolithaceae
H{Family)o]] £3h= FE= ST AAFTOZ AN
HAcH2H 4a-b).

4. A 1}

4.1 olcﬁg

H

B A=Y =74 23}, Hole U1383D9] Hat ¢l
EE=8771 9 (2474 um)e FE YERGTH ™
3a). JF-E9] A2 FAH AE(very fine silt)-Al™E
Al E(fine silt) 2 EFHct 2|, AE, HEQ] Bt
Sko Z¥7F 55%, 68.1%, 264% 2 JERGAL, o1& &
sted Hole U1383D 9] Bl &2 2 AE R J14J =0
U= & o Utk Hole UI3B4A9] Bt Y=
8.6-75 @ (2.6-5.8 um)<] H=Z YERFTHIH 3b).

ra

29 AR SAIE AEAY AER £RES
o} mej, AE, Ao B 3leke 7k 3.3%, 72.3%,
24.4%°)11, WEbA] Hole U1384A 2] E|AEE 2 2]
Eg gk

42 M3 =0/3M 24

North Pond E|&Zofx= F2 A1AB7]-A14712] 5
3FFE0 | AEEIRI: oSS th-E Discoasteraceae 7t
(Family) 2] Discoaster 25{Genus), 123 Ceratolithaceae
I} Amaurolithus 45 D Ceratolithus £0]) ESF=E ==
So|t} 1 = 7P FX3F EL Discoaster brouwerio]
i1, 1 F=2 D. quinqueramus2}; Ceratolithus telesmus
So] aluka 0 2 AEugic

4.2.1 Hole U1383D

Hole U1383D E|&Zo|A&= 34 1159 434
Zn|3}o] AREE T 4a). Hole U1383D9]
33 zu|ghee] F244L2 D. brouweri, D. quin-
queramus L C. telesmus 5-2] 58 A=F3 D. asym-
metricus, D. tamalis, D. triradiatus, D. variabilis, A.
amplificus, A. delicatus, A. primus L A. tricornicula-
tus@} T2 2pF o = AREHL

Zy AESES & H=2 IF3HAmaurolithus -
Ceratolithus - Discoaster)}o Z1o]o]] W2 ALEHI =S
=5 Aol shA| FeRICH 2 3a). Amaurolithus
I52 A. amplificus, A. delicatus, A. primus€} A.
tricorniculatuss EBICL. 0] 3552 0-28.2% (- 5.4%)
O] AEHIE HOE B ol Ceratolithus 122 C. tele-
smusTHE: 3Z8Fe1al, A== 0-53.6%(H 11.3%)
ot} Discoaster 52 D. asymmetricus, D. brouweri,
D. quingueramus, D. tamalis€} D. variabilisE X3}
3t} o] 2520 AEHIEE=36.8-100%(38t 83.3%) 0]tk
Amaurolithus 158 A5 7+ A|Jslar Ceratolithus
TIETARERIE Qo] FYEHA Ukttt Disconster
IS G5 e AYstar & 253 AREHlErE
Hit ¢l E4Jo] Kol

Hole U1383D+= Zlolo w2 Zu|3} 2F9] 4t
24l% 9 9 W5l Falo] 1] 77HUnit 1383D-1,
1383D-2, 1383D-3, 1383D-4)0& UHpeojzc1d
3a). Unit 1383D-1:& A|552] SHF(SDSF 28.4-42.4
m) o] 3L Al 15 AREHIE W Y HIke A
9] 3= Ao = M) o] F1hollA Amaurolithus
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123} Ceratolithus 122] Bot AU = 7F211.1%,
0.5% 2 v} A Z3}A|4t Discoaster 152] Ho- A=
HIEE 98.4%of] o2t} Unit 1383D-2% A|220] 5
=(SDSF 10.8-25.3 m)o]] St A T59] Akl
£} Qo] WS} ez] Algek 2ol 540l
ot} Amaurolithus 7129] Ho ASHIEL ¢F 75%,

otk Unit 1383D-1] B ALSUI=9l v watgL
W) Amaurolithus _'l—v—J—]- Ceratolithus I8 Z7151=
BlH, Discoaster 7152 A= RS HojZrh
Unit 1383D-32 A|5=5-2] AFHSDSF 3.9-9.4 m)o] 3l
Sl A| 252 AR =9} Q1= 0] ¥} o] U1383D-2
B}t 3ok ®38F Amaurolithus 133} Ceratolithus ~1

Ceratolithus 152 4.4%, Discoaster 152 2F88.1% Fo| AEHI = i o|ALC 2, Discoaster 152 Bt
Amaurolithus Ceratolithus Discoaster Grain size
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8 n ' .
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=4 VRS . N e —
N - . ;
2 | 3H ' ' — 1383D-2
320 : !
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z ] . .
o 7 ' '
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Fig. 3a. Occurrence of three nannofossil groups and the result of grain size analysis with depth in Hole U1383D. Vertical
dotted lines indicate mean occurrence. Grey solid lines indicate the mean percentage of Discoaster occurrence.
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o5tz Zradl= F7to|th o] 7oA Amaurolithus
1%, Ceratolithus 15, Discoaster 7152 Hi A=
U= 782+ 9.3%, 21%, 69.7% ]k Unit 1383D-4=
AlF=59] ZFF(SDSF 0.4-2.4 m)of| st Al 1
Fo] Al 9 5 Hste] Eo| Fo}. 5] o] 77
& Ceratolithus 12-2) || A=3} Discoaster Z122] &
A AkZo] 1 EFJo|t). Unit 1383D-4of| A Amaurolithus

Discoaster
group (%)

Amaurolithus Ceratolithus
group (%) group (%)

Core No.
Sample No.

30 40 50 60 70 80 90 100 o

A

1%, Ceratolithus 1Z, Discoaster 7152] B A&

HlE X 7k719.0%, 52.2%, 38.7% 0|}

4.2.2 Hole U1384A

Hole U1384A E|z}golAl= 34 1359] H2)d =
)3}k o] AR T2 4b). Hole U1384A 2] 413
A g_u]i]./_l:] 94 2ZA O

[CRaile Jrun
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Fig. 3b. Occurrence of three nannofossil groups and the result of grain size analysis with depth in Hole U1384A. Vertical
dotted lines indicate mean occurrence. Grey solid lines indicate the mean percentage of Discoaster occurrence.
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amus, D. variabilis @ C. telesmus S-2] F£Q A&y}
D. asymmetricus, D. surculus, D. tamalis, D. triradiatus,
A. amplificus, A. delicatus, A. primus, A. tricornicula-
tus Y C. armatuse} - A0 2 JLAJETH
ZHAES S-S E5H2 255K Amaurolithus - Cerato-
lithus - Discoaster)3}o] Zlolo]| whE AEHI=E =
B Ao} A YEMIATH 2™ 3b). Amaurolithus
J52 A amplificus, A. delicatus, A. primus@} A. tri-
corniculatusE EZ81TL, 0-6.5% (B 1%)9] Ak=&H]
T HeE Vel Ceratolithus 122 C. armatus}t
C. telesmuss XEJFoIal 0-68.3%(Fo 4.3%)2] W=
AERIE HOE BRIt Discoaster 152 D. asym-

315

metricus, D. brouweri, D. quinqueramus, D. surculus,
D. tamalis€} D. variabilisES Z3s}a1, AREHIE HY
= 31.6-100% (B 94.6%) oItk Amaurolithus IE2
A9 BE FolA Ceratolithus 152} H|FH| o] ¢
11, Discoaster 152 UM A = 153} AR=H = 9FA)F
o] vl Lepir

Hole U1384A+= Zlolo] wE Zu|3} 2179 4t
2% 9l QI WSS Sl A F7HUnit 1384A-1,
1384A-2, 1384A-3) & ol ZIth(1¥ 3b). Unit
1384A-12 A|55-2] 5-31-(SDSF 30.2-92.4 m)o]| 3
IOt Z20|SHA AR 0] HSE7E AU glom §
% w3 23 X 22 Aejet W) Ae) gick. Unit
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Fig. 4a. Distribution of calcareous nannofossil species and nannofossil zonation in Hole U1383D.
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3ol - 0l

1384A-19| A Amaurolithus Z1Z3} Ceratolithus 1%
o] HF AEHI == 1% u|gkel ¥bH, Discoaster 15
o] W AZHEL 99%0] o]2tk Unit 1384A-2%
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Fig. 4b. Distribution of calcareous nannofossil species and nannofossil zonation in Hole U1384A.
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Table 1. Neogene nannofossil zonation of Holes U1383D, U1384A and DSDP Hole 395 (modified from Bukry,

1979 and Shipboard Scientific Party, 1979).

. Previous .
Bukry (1978) zonation study This study
Stage Zone Subzone 395 UI383D  UI834A  NNzone
& (Depth,m) (SDSE,m) (SDSEm)  (Age)

Emiliania huxleyi

Ceratolithus cristatus

Gephyrocapsa — ~7
. ; Emiliania 83D-D 84A-D  After NNI18
Pleistocene oceanica
ovata (0.4-10.8) (1.8-15.2) (2 Ma~)
Crenalithus Gephyrocapsa caribbeanica 712
doronicoides Emiliania annula
Cyclococcolithina macintyrei 12-17
Discoaster Discoaster pentaradiatus 83D-C NN17-NN18
brouweri Discoaster surculus (15-25.3) 84A-C (3.6-2 Ma)
. Discoaster tamalis 17-72 (19.5-41.5)

Pliocene - - E— EEE——
Reticulofenestra Discoaster asymmetricus 83D-B NN15-NN16
pseudoumbilica Sphenoln‘hus neoabies (28.4-32.8) (4-3.6 Ma)

Ceratolithus rugosus
Amaurolithus Coratolithus acutus 72-84 83D-A 84A-B  NNI2-NN14
tricorniculatus (34.2-42.4) (44.3-78.8) (5.6-4 Ma)
Triquetrorhabdulus rugosus
Late . . . 84A-A NN11B

Miocene Discoaster  Amaurolithus primus 84-93 81-92.4) (7.2-5.6 Ma)

quinqueramus

Discoaster berggrenii

i Bukry (1979), Shipboard Scientific Party (1979)

o] Z} 77te] EJHA71E FASIHTH 1™ 4a-b, 5 E1).
5 A320) B11)7] ARl et ol X230 5}
Fof| A Rt o= o} o] 71&stirt. of
o] ARgE ok} 2 FOX ‘First Occurrence’, FCOx=
“First Common Occurrence’, LO=‘Last Occurrence’

£ ojujick

5.1.1 Hole U1383D

Hole U1383DojA&= 4719] ASA Ed|(83D-A,
83D-B, 83D-C, 83D-D)7} DA =AUt 4a).

83D-A E}|(SDSF 34.2-42.4 m)+=D. brouweri (59.5
%)%+ D. quinqueramus (32.4%)7}F thE-E-2 *}A|51H
1 2)9]| D. asymmetricus (3%), D. triradiatus (1.5%),
D. variabilis (1.1%)2} A. primus (0.9%) 50| &3Fo=2
AEET o] F D. quinqueramus= 37| ulo] QA
(NN11 zone)E AASR= FO 2 D. quinqueramus2]
mpA] e} SH(LO)E uheo] 2|9 Srto]eA|e] BAE

=4 AR-EtHMarino and Flores, 2002). =3t D.
quinqueramus’= AR Gol| A L Figlo] 714 E]

222 7Hg 2l HEAIE g Ao R Hal
= 8} Itk Bukry, 1979). o]-X]U]- o] 01——,’-0]]/~1 D. quin-
queramus= A TN B AREE S| g

of| HSAE k=t FA -l A F{(reworked)
H Aol waste] 71t 23 EZA7] Aot 3
kL RS Aol A= Al Llstlth AREE= 2m]
3 - A. primus (NN11B-NN12 zone)+= ©| -7+
oF 25 m2] HlollA ES&zgtch SER|RE 2F 25 moj|A] Ak
SEE A primus= AFE Aol st ofof of
382 Foll AgE o] Qe wEhA] o] FEtelA] A.
primus7} BRA|9f e 2 SESHHTha wsly] g
o] Bukry (1978) £ti2] Amaurolithus tricorniculatus
zoneo] FHt & 4= ot ESF C. telesmus
(NN16-NN21 zone)7h ARSE|] 9Rl7] whEe]] o] T
7+ o] Fol AZ E¥3H= 3.6 Ma o]Hof EF =]
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& HOITHIH 5). wrehA] SRR SIS T
83D-A Edi= Bukry (1978)2] Amaurolithus tricorni-
culatus zone/Martini (1971)2] NN12-NN14 zoneZ}
tu|E FHAT= 37 noleA] B-27] EEte]
QA(F5.6-4 Ma) 2 2R ECHE 1).
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tricus7} 83D-A &l H|s| §43] S715t] A =
|5y F 244%E AL D. brouweri (50.8%)=
83D-A Hrfj¢} Zro] FHEH ARERIEE Holx 11 9
ol D. quinqueramus (20.1%)7} LRE o2 A&EH

ra

D. triradiatus (2.1%)2} C. telesmus (1.2%) S©] u-$-
Ao g AEHLE D. asymmetricuss S| 2A
(NN14-NN18 zone, FCO: 4.3 Ma, LO: 1.93 Ma)&
A A|Bk= Fo|t}(Stefano, 1998; 19 5). D. asym-
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o] g} E3F o] 7 C. telesmus7}F 22 £33}
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Fig. 5. Chronostratigraphy and calcareous nannofossil biostratigraphy adopted in this study (modified from Martini,

1971 and Young, 1999).
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A-57] Safo] Aok 426 Ma)ol EH=gickz =
AHEICHIE 1),

83D-C £4|(SDSF 15-25.3 m)+= 83D-C, (23.8-25.3
m)<}83D-Gp (15-21.9 m) #£7Fe 2 Wiroj Rk &
7¥2 2 83D-B Bl HI&|| D. asymmetricus (Ca:
5%, Co: 8.4%) 9] AH&0] AJt3] Attt o] €] D.
brouweri (Cy: 53.4%, Cy: 54.4%)7} FE3H| A1&E]
11, D. quinqueramus (Cy: 15%, Cp: 25.1%), D. trir-
adiatus (Cy: 6.2%, Cp: 2.9%) 2} D. variabilis (Cy: 2.4%,
Co: 1.8%) 5o] E&3Ih s1A|9E83D-C, 17+9] 73-¢-
o2 1) v|s) A. amplificus (9%)}; A. primus
(17%)2] AREHE7} 7] Uehta, of F7tolAlet
LA A. tricorniculatus7} S@3IT} o5 2%
uto] QIS AAISk= F(A. amplificus: NN11B zone,
A. primus: NN11B-NN12 zone, A. tricorniculatus:
NN11B-NN14 zone)©|7] wiiZo]| A5H Aol=t et
HrHadg 5). 83D-C,9}F 83D-C, FHS A5E FS
Alelgt Zu|gkd o] AEHI = W3} FAfo] FAH | o
2ol ASA 2l R HHAZ7E 22 Ao wdE
k. &, 83D-C &= D. brouweri7} FX35}a1, D. trir-
adiatus &) AFERI=7} TRE F17bo]| Bl .29 D. tam-
dlis7} o]0 2 Zaisl Fo] Soleh, njehA] o] 3
= Discoaster brouweri zone/NN17-NN18 zonei}
el = EFA7 = 7] S2tol (2262 Ma) &2
FAEHED).

83D-D £Jj(SDSF 0.4-10.8 m)+= C. telesmus2] A+
SV =7t F43] 716t A 2n]3H4 9] 32.6%F
Z}Arek WHH D. brouweri= A3 745t 34.3%
o] Pt AEHIEE Bolck 11 Qlof| D. quingueramus
(16.7%), D. variabilis (4.5%) 2 D. asymmetricus (2.7%)
7} Ar&EETE C. telesmus= NN16-NN21 zoneo]] 33}
53 Th2 ol ]3) 3L AthE AN 5). &
3t D. brouweri2] ZHAE o] £o] HEs}= 2F1.89 Ma
TS omfgltiBackman and Shackleteon, 1983;
Chepstow-Lusty et al., 1989, 1991). o] Edjofx=
Bukry (1978) EHE E57dh= A|AIE0] AREEA] ghot
Martini (1971) £ A8}t w2bA 83D-D
#i= NN18 zone °|3-7E EZH Z o= Holn
S| AEA|(SF 2 Ma~)oll EjFE Aoz A
(E).

ZA7k2 0 2 Hole U1383D2] El&22 NN12-NN18
zone®]| tiH] &1L 7] nfo] @A W E FTto]| AEA]

7] BAE e 7H o EZA7]= 9F 5.6 Ma
= HekE:

5.1.2 Hole U1384A

Hole UI384AGIAI= 47]0] A2 Hojj(84A-A,
84A-B, 84A-C, 84A-D)7} AR E|QITH 1 4b).

84A-A E|(SDSF 81-92.4 m)+=D. brouweri (61.2%)
2} D. variabilis (20.4%)7} SF-E-S FR|8laL A. pri-
mus7t A& E8sh= Zo] §Aoltt. o] &J9f| D. quin-
queramus (15.1%)} D. asymmetricus (1.3%) 6= A
Hot A, primus®] AL £8-2 Bukry (1978) £d19]
Discoaster quinqueramus zone®)| &38= Amaurolithus
primus subzone 22 BEF3l= 7|50] H, ol &
7] nlo] A R|AJRHH. webA 7] wlo] Ao =
EA A=EE D. asymmetricus®}t F2 A7] FE5
Al 5wl o3 fdd A o= wET(Rio et
al,, 1990). 329 sAd0]] oJ5) 84A-A Ho Bukry
(1978) 2] Amaurolithus primus subzone/Martini (1971)
©] NN11B zoneo]| s =™ E|2A|7]= 7] mo] 2
A|(2F7.2-5.6 Ma) 2 A EITHIE 1).

84A-B EU)(SDSF 44.3-78.8 m)ol| X+ D. brouweri
(67.8%)7} Al BHSHA AZE AL D. quingueramus
(20.2%) = A<= 233} E5E84A-A B9} vlw
3}4-S o D. variabilis (7%)] AbE-& Abes] kAt
a1, D. asymmetricus (2.6%)2] A& okt S718MR
o} 84A-B EdjjollA Ueh = A. primus@} A. tricorni-
culatus®] vFR9}F &8 Amaurolithus tricorniculatus
zoneZ 73A| A= 7120] Hri(Bukry, 1978). o] &t
ollX= C. armatus7} F-A8HA AH=H Aol 4ol
(78.8 m) ©]=Martini (1971)2] NN12 zone]] &3tk
= AL Yu|siti( ™ 5). E3t C. telesmus7t AAEE
A 94371 dlzell 3.6 Ma oo ElAHUSE &
ok whabA] 84A-B Bl = Amaurolithus tricornicula-
tus zone/NN12-NN14 zoneo]] tjH| =12 E|ZA|7]+=
57] njol oA B-27] Zajo] 4|2 5.6-4 Ma) 2 3
AEH®E ).

84A-C EjJ(SDSF 19.5-41.5 m)+=84A-C, (24.8-41.5
m)9} 83A-Cp (195214 m) F7EO2 LPro]ZiTh
84A-C, 7M1= D. asymmetricus 2] 2o AAER=
7h Ui ol AA| 2n)3k 5 14.6%E FA|gE
t}. 1 9ol D. brouweri (55.1%)7} F-F51A A== 1L
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Fig. 6. Biostratigraphic correlation of each hole in North Pond. The biostratigraphic units were recognized based on
occurrence of three nannofossil groups and the results of grain size analysis. See Table 1 for detailed zonation scheme.

"WD: Water depth.
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