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Abstract : The Intertropical Convergence Zone (ITCZ), where the southeast and northeast trade winds
converge, is the effective climatological barrier that separates the southern and northern hemispheres in dust
budget. Asian and N. American dusts dominate in the Pacific north of the ITCZ, while Central and S.
American dust prevails south of the ITCZ. In order to understand the nature of latitudinal and depth-related
variations of mineral composition in terms of relative position to the ITCZ, deep-sea core sediments were
collected from 9oN to 17oN at a 2o interval along the 131.5oW meridian and analyzed for mineral
composition. The amount of illite in surface sediments decreases gradually from 65% at 17oN to 31% at
9oN. In contrast, smectite increases from 11% to 56% southward. The observed mineralogical variation
toward the ITCZ is attributed to the increased supply of volcaniclastic material transported via the southeast
trade winds from the Central and South America source regions. Smectite-illite transition, a phenomenon
that the amount of smectite increases over illite, occurs at around 10oN, the northern margin of the ITCZ.
This result indicates that the change in latitudinal position of the ITCZ in geologic past could be recorded as
a form of smectite-illite transition in deep-sea cores. The studied cores show down-core variation of mineral
composition from illite-rich at the surface to smectite-rich clay suit at depths, similar to the latitudinal
variation. The smectite-illite transitions observed in these cores are likely the records of changes in
latitudinal position of the ITCZ. The depth and age of smectite-illite transition is getting shallower and
younger toward equator, implying that the ITCZ was located farther north during late Tertiary and has
shifted southward to the present position of 5oN-10oN. 
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1. � �

��� �� ����� ��� �� ���� �� �

�� ��� ���� ���� ����. �� ����

�� ��� �� �� �� ��� ��� ��� ��

� ���, ��� � ���� �� ���� �� ��

��	 ����� �� 
��� ����. ��, ���
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�����(Intertropical Convergence Zone, ITCZ)�

������ ������ ��� ���� �����

���� ��� ���� ��� ���� ����

(Pisias and Mix 1997). ������ ���� �� 	�

�� �� ��� ����� ������ ���
 �

�� ��� ����� �� ���� ���� �	 �

��� ��� ��	 �� ��(Rea 1994; Hovan 1995;

Pettke et al. 2002). � ��, ������ ��� ���

��� �� ��� ��� ������ �� ��� �

��� ���� ���� ��� ��� ��(Lyle et al.

2002). ��� ��� ����� ���
 ���� ��

� ��� ��� � ���, ��� ��� �� �� �

��� �� ������ �� ��� � ��. ���

��� �� ���
 ���� ���� �� ���

�� �� ���� �� � �� ����� ���

��� ��� ��(Flohn 1981; Pettke et al. 2002; Lyle

et al. 2002). �� ���� ���� ������ �

� 		� �� ������ ������ ��� ��

� ������ 5oN-10oN ���� ������ 	�

���� ��(Pickard and Emery 1982).

� ��� ����� �� � 17oN�� ������

�� �	� 9oN��� �
�� ��� ��� ���

��� �� ���� ��
 ������ ��� 

� ��� �	� ����� � ��� ��. �� ��

��� ��� ����
 ������ �� ����

	 ������, �3� �� ������ ��� �

��� ��� ��� ��. 

2. ����

��� �	� ��� ����� ����-����

���(C-C ��, Clarion-Clipperton fracture zone)� �

�� �� ��	� �
�
 ���
�� ����

(Fig. 1). ��� ��(5-6oN) ���� 	 4,000 m ���

�� ����, ��� ��� 

 ���	 8oN ���

�� 	 5,000 m� ����. �� ��� ��� ���

�� ��� 8-17oN �
��� 4,800-5,100 m ��� �

���, �� �� ��� � ��� ���� ���

(����� 2003, 2004). 

C-C �� � �� 5-6oN �
� ��� �� ��� �

��� �� �� ��� ��� ��� ���� 3-

10 mm/1000� ��� ���� ���, �������

��� 
�� ��� ���� 1 mm/1000� ��� �

���� �� ���	 ��� ��� ��(Piper and

Williamson 1977; Müller and Mangini 1980; Halbach et

al. 1988). ���, �� ���� ��	 �� �����

���� ��� ��� ��� ��� ����� ��

� �� ���� ��� �� �� ����� ��

(Piper and Blueford 1982). ����� ��� 9oN ��

� ���� ���� �� ���� ��� 	�� ��

�� ���, 5 kg/m2 ��� �
�
� ��� ���

� ��(����� 2004). 

3. �� � �� ��

�� ��� ��� ��� ��� 2003� �����

�� ��� ����(KODOS 03-03)�� ������

�� ���	 131.5oW ��	 �� 9-17oN �
��

2o 
�� 5� �
�� ����(Table 1, Fig. 1).

PC 02-01-02 ��� 2002� ������� KODOS

02-01 ��� 16o12'N, 125o59'W�� ����(Table 1,

Fig. 1). 

��� ��� ���� ��� 	�� � 
�� ��

	 ��� ���� ����� 	�� �, ��	 �

1 cm 
�� ���� ����. �	� ���

thermal tube� ���	 ��� � ������. 

���� ����� ����� ��� ���� 

� ����� �� X-� �	��	 ����. ��

	 � ���
 
��� ����� �� Phillips

PW1710 X-� �	���(40 kV/30 mA)� ����.

Fig. 1. Site locations of samples used in this study. The
full names of sampling stations are shown in
Table 1. The boxed areas of K1 through K7 show
the location of blocks allocated exclusively to
Korea for manganese nodule exploration.
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���� 3o2θ�� 60o2θ��� �	��� 	���

�, 
��� ����� 3o2θ�� 30o2θ��� �	��

� 	���. 
��� ��	 �� ��	 
�� �

��	 ����	 ����. ��� ��� ���

���� ��� �� ����, ��� ��� �� ��

	������ � � �� ��	 ����. 

��� ��	 �� �� ���� Schultz(1964)� �

�	 ���	 ��, ��, ��� � 
���� �	

� ����� 	����, 
��� ��� Biscaye

(1965)� peak ��� 	���	 ���	 �	���

��� �
���, ����, ������, ��� ��

�� � ����	 ����. PC 02-01-02 ��� �

��� 
���� ��� ������/���(7.2 �)


��(3.24 �, 3.19 �)� �� ��
 ��� ��� 
�

���� 
� ���� 250 cm ����� � ����

� ������, ��� 250 cm �� ��� ����

� ����	 ����. 

4. �  � 

��� ��� ����� ���� ��� ��(8-

11oN, 148-153oW8-11o)�� ��� �	� �����

�
 ���� ����(Table 2; Figs. 2, 3; Jung et al.

1998).

����� �� ��, ��, �
���, ����, �

��, ������ ��� ����, ��
 �� ��

�	�� ���� ��� ���(Table 2; Fig. 2). ��

��� �� ����� ����	 ����, ��, �

�, � 
���, ������� ��� ��� �� �


�� 	�� ��� ��� �� ��, ���, ���

�
 �
���� �� ��� �� ���� �� ��

���� ��	 ���(Table 2; Fig. 2). �� ��� �

����� ����� 50% ���� ����, ���

����� � �� 13%�� ���� ��	 ���. �

� �
���� ���� � �� 11-27%� �����

��	 �� ���, ��� ��� �� 
� ���	

�� �� ����� �� ��� �	 ����(Fig. 2).

�
���� ������ ����� �
���-��

�� ���� ��� ����� ���� �� �

���� �� ��	 ���. �� ��, 13-17o �
�

� ��� ��� ���� 250-360 cm ���� �
�

��� ������ ����� ��, 8-11oN �
��

� �
� ���� �� 40 cm ���� ����(Figs.

2, 3). ����� 11oN�� ��� PC 03-03-N11 ���

�� ��� �� � �� �� ��� 40 cm�� �
�

��� 90% ���� �� ��� ��� ���(Fig. 2),

Jung et al.(1998)� �� ��� GC90-26(9.5oN) ���

� �� ���� �
���� ��� ��	 ����

(Fig. 3). �� ��� ��� � ��� �� ���� �

� �	���(AABW)� �� ���� ��	 �� �

�� ��� ��� �	��. �	���� �� ���

���� ���� ��� ��� ��� 	
 ����

���� ��(Johnson 1972; Piper and Blueford 1982;

Skornyakova and Murdmaa 1992). 15oN�� ��� PC

03-03-N15��� �� ���� �� �
���� ��

��� ���� ���� ���, �� ���� ��

��� ��� ��� �� ���� ���� ���

�� ��� ����. ���� ����
 
��� �

��� �� ���� ��� ��� ���� ��	

���.

����� �� �
���
 ����� ��� ��

�� �
� �� �� ���� ��	 ���(Fig. 4).

����� ��� ��� �
���� �� ����

����� ���� ��	 ����, ~9o30'N ����

� ����� ���� �
���� �� ���� �

��� ��� ����(Fig. 4). ����� � ����

� �� 17oN�� 65%� ���� ���� 9o30'N��

� 31%� ���� ��� ��, �
���� ��

17oN�� 11%� ���	, 9o30'N�� 56%� ���	

����(Fig. 4). 

16oN ���� ��� PC 02-01-02 ����� ���

�� 
����� ����. 
����� �����

Table 1. Sampling locations and lengths of the studied cores, and water depth of sampling sites.

Station number
Locations Water depth 

(m)
Core length 

(cm)Latitude (N) Longitude (W)

PC 03-03-N09
PC 03-03-N11
PC 03-03-N13
PC 03-03-N15
PC 02-01-02
PC 03-03-N17

(N9)
(N11)
(N13)
(N15)
(N16)
(N17)

09o00'
11o00'
13o00'
15o00'
16o12'
17o00'

131o30'
131o30'
131o30'
131o30'
125o59'
131o30'

4823
4884
4956
5029
4550
4741

541
444
665
743
477
328
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��� ����� ���� ��, ����� �
��

�� ����� 250 cm ����� ����. �� ��

�� �������� �
���� ��� ����

9 �� �
	 ��� ��� �� �����, ��

Table 2. Mineral composition of the studied samples. Clay contents were normalized to 100%.

Depth (cm) Quartz Plagioclase Total Clay Smectite Illite Kaolinite Chlorite

PC 03-03-N9 1 20 10 70 27 52 8 13
40 11 9 80 69 23 6 3
80 11 12 77 66 24 6 5

120 11 10 78 65 25 6 4
160 9 9 82 70 22 6 3
200 9 9 82 58 31 6 5
240 6 9 85 76 19 2 3
280 6 6 88 83 14 2 1
320 4 6 90 87 8 3 3
360 8 7 85 75 15 8 2
400 7 6 87 69 23 6 3
440 5 7 87 69 20 6 4
480 4 4 92 74 18 6 2
520 5 15 80 80 13 4 3
540 6 9 85 n.d. n.d. n.d. n.d.

PC 03-03-N11 1 13 8 80 n.d. n.d. n.d. n.d.
40 5 8 87 90 8 2
80 5 8 86 91 8 1 1

120 5 5 90 94 4 2
160 8 8 84 76 18 4 2
200 6 9 84 74 17 5 3
240 8 11 82 70 19 9 3
280 7 8 85 65 14 17 4
320 7 9 84 65 15 9 10
360 8 11 82 68 20 7 5
400 8 12 80 70 17 5 8
440 8 11 80 n.d. n.d. n.d. n.d.

PC 03-03-N13 1 30 10 60 23 54 6 17
40 33 11 56 25 57 9 9
80 21 8 71 24 58 9 9

120 23 9 68 28 54 9 10
160 26 10 64 35 51 8 6
200 19 10 70 34 49 6 11
240 20 9 71 40 45 6 9
280 19 11 70 42 44 7 7
320 23 8 69 36 46 8 10
360 20 10 70 43 42 6 9
400 18 9 73 47 39 6 9
440 21 9 70 50 37 5 7
480 19 9 72 52 34 6 7
520 17 6 77 53 35 5 7
560 21 10 69 56 33 5 6
600 21 10 69 54 32 7 8
640 23 13 64 54 34 6 7
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Table 2. Continued.

Depth (cm) Quartz Plagioclase Total Clay Smectite Illite Kaolinite Chlorite

PC03-03-N15 1 22 10 68 17 58 8 17
40 26 8 66 21 58 8 14
80 20 8 72 14 63 10 13

120 21 7 73 19 62 9 10
160 21 8 71 20 60 8 12
200 19 9 72 29 53 8 10
240 19 8 73 29 53 6 12
280 21 8 70 24 56 9 11
320 19 9 72 24 59 6 11
360 18 8 74 32 54 7 8
400 18 9 74 32 52 6 9
440 18 7 75 30 53 7 10
480 19 8 73 33 52 7 9
520 20 10 70 28 54 12 7
560 18 10 72 36 51 6 7
600 20 8 72 38 50 6 5
640 19 9 72 30 56 6 8
680 19 7 73 40 50 6 5
720 19 8 73 29 54 6 10

PC 03-03-N17 1 32 12 57 11 65 9 15
40 21 10 69 15 60 7 18
80 24 10 66 16 62 8 14

120 32 13 55 24 57 7 11
160 22 10 67 25 56 7 12
200 21 11 67 35 47 7 10
240 24 11 65 40 42 8 11
280 16 11 73 43 39 8 10
320 23 14 63 44 39 7 10
360 20 13 67 44 39 8 9
400 17 12 71 48 36 9 6
440 16 14 70 51 34 8 8

PC 02-01-02 1 21 7 72 20 55 7 17
50 20 8 72 19 57 10 14

100 19 9 72 23 55 7 15
150 15 11 74 25 53 7 15
200 21 9 70 31 47 9 13
230 19 10 71 30 50 9 11
245 17 11 72 n.d. n.d. n.d. n.d.
250 16 13 71 n.d. n.d. n.d. n.d.
255 66 34
260 55 45
265 63 37
270 60 40
275 76 24
290 69 31
300 67 33
310 63 37
320 65 35
328 66 34

For the samples below 250 cm depth of PC 02-01-02, smectite and illite contents were normalized to 100%
(see Methodology section for details).
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��� ��	
� ����� �� ���� ����

����� ��� 	���(e.g., Aoki and Kohyama

1998).

5. �  �

��� ���� ��

����� ��� ���� ���� �
���� �

�	 ��� ��� 
� �	�� ��� ���� �


�� ��� �� �(Griffin and Goldberg 1963;

Aoki et al. 1974; Hein et al. 1979; Corliss et al. 1982;

Aoki and Kohyama 1998). Hein et al.(1979)� �
��

�� ����� ��� ��� ���� ��	
��


��� �� ��� ���	 �
���� ��� �

��� ����� 	
�� ���
 ���� ����

�� 	
�� FeOOH� ���	 ������ ���

�. ��� �� 
� ���� ��	
�� ��� �

��� ����� 
����
 ��������� �

Fig. 2. Down-core variations of smectite and illite in the studied cores. The amounts of smectite and illite in PC 02-01-
02 (N16) were normalized to 100% due to the occurrence of phillipsite that prevents quantitative estimation of
kaolinite, chlorite, and feldspar (see methodology section for details). Horizonal lines represent the depth of
smectite-illite transition.

Fig. 3. Down-core variations of smectite and illite in the cores from 8-11oN, south of the studied cores. Data are from
Jung et al. (1998). Horizonal lines represent the depth of smectite-illite transition.
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���
 �� 	���� ��� �� ��� ��

� ���� ��� � �
���� ��	
�� ��

� �� ����	 ���	 ����(Griffin and

Goldberg 1963; Aoki et al. 1974; Corliss et al. 1982;

Aoki and Kohyama 1998). 

����� ��� ����� �
���� �� ��

�� �
�� �������� ��� 9 � ��� �

���. �� PC 02-01-02��� �
���� ����

� 250 cm ���� ��������
 �� 
���

�� �� 
� ���� ��	 ����, �� ���

�� �
���� ��	
�� ��� ��� ���

��	 ����. ����� �
���� ��� ��

� �	 ��	 ����� ���� ��� ���� �

�� �����. ���, Aoki and Kohyama(1998)� �

�� �
 ��, ��� ��� �
���� ��� 
�

� ���� ����� 	
� ���	 ��� �� 

�� �� ��� ������ ���� 
� ����


	 ��� � �
���� �	 ���� ��� ��

��� ����. �� Aoki and Kohyama(1998)� ��

� �
��� �� �������� ��� ���	�

�
���� �� ��	
�� 	
� ��� ��	

�� ��	 ����. ��� ����� ������

� ���� �
��� �� ��� ��� ����

��� ��	
�� ��� �� ����� ����

��	 ����. 

�� ��� ���� ����� � <2 µm ���

����� ���� �� 70% ���� �� ����

����� 20oN��� ��� ��� 
� ����,

�� ����� �
���� �� ��� ����	

���(Griffin and Goldburg 1963; Corliss et al. 1982;

Lyle et al. 2002). �
� ���� �� ��� ���

��� ���
 ���� ���� ���� ��� �

�� ����(Lyle et al. 2002). ����� ���� �

����� �� ���� �� ���� ��� ���

����� ��� ���� ��� ��, ������

�� ������ ���� ���� ������ ��

� ��	
� ��� ���� ����(Griffin and

Goldberg 1963; Lyle et al. 2002). ����� ����

��� �� 
�� ��� ��� ����� �� �

�
 � ����, ��� ���� ���� �
��

�� �� �� �� ����� ���� ���� ��

� �� ���� 	
 ��
 �� �� ��	
��

	
 ��� � ���� ����. �� ���� ���

��� �� 5-10oN ��� ��	 ��� �(Pickard

and Emery 1982), �
� ��� �� 
��	 ���.

�� �� ��� ������ �� �	� 10oN ���

� ����� � �
���� ������ �����

��	 �
� �	�� ���(Fig. 4), �
� ����

��� �� ������ � ��� ���� 
�

�� ��� � ��.

�� 9oN ���� ��� � ����� �����

� ����� �
���� �� ���� �����,

�� ������ ����� ���� ��� ��

�� ��� ���� ��� ���(Fig. 4). �
� ��

��� �� �
� ��� �� 
�� ������ �

����, �� �� ���� ����� ���� �

���� �� ���� ��� ��� ��� ��� �

�. ���, �
� ���� �� ���� ����

�� ����, ������ ��
 ���� ����

���� ���� ����(���� ��� �����

��� �
���� ��� ����� ��� �� �

����)� ����� ���� ���� 
� ��

�� ����� �
���-����� ���� ��

����� ��	 ������ �� �� ��� �

��	 ����.

��� ���� ��

��� ����� ��� ���� ��� ����

����� ����, ��� ��� �� �
����

�� 
� ���	 �� �� ����� �
����

������ 
��� ��	 ���. �� �����

Fig. 4. Latitudinal variations of smectite and illite in the
surface sediments of the cores from this study
and Jung et al. (1998). PC 03-03-N11 (N11) was
excluded because the surface sediments were not
analyzed for the mineral composition. 
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���� �� ����� �� 
���, �
 �� �

�� �� ���� ��� �� ���� ������

� ��� � ��(Griffin and Goldberg 1963; Leinen and

Heath 1981; Aoki and Kohyama 1998; Lyle et al. 2002). 

�
���� ��� �
���-���� ��� ��

� ���� ����� ��� �� 
� ��� ��

� ���(Figs. 2, 3). �� ���� ��� ��� ��

�� ����� �� ��
� �� ��	
�� 	


� ��, ��
� �� ����� 	
� ��	
��

��	 ���	 ����. �
� ��� ����� �

���� ���� ������ ����� ����

(Griffin and Goldberg 1963), ����� �� ����

����� ���� ��� ����� �� 
���	

����.

������ �� ���� ���� ��� �


��, ������ ���� �
���-���� ��

�� ������ �
 ��� ��� �� ��� �

���, �3� �� ������ ���� ��� �

�	 �� ��� ����. 	, ������ �3� ��

���� ��� �� ����, � �� ������

��� ���� ���� �� ���� ��� � �

�. ���� ��� ����
 
�� 
	 ��� �,

���� ��� �� �� �� �� ������ �

��
 ��� �� ��� ����. 

�
� ���� ��� 
�� ������ ��

�� 	
 ����� �� �����. Flohn(1981)� 	

��� ���� ��� ��� �	 ����, �� ��

�	� ����� ����� ����� 	��	 �	

��� �� ��� �� �� ���� ������

12oN ��� ���� ��	 ���� ��. ��

Pettke et al.(2002)� �
� �� 30o12'N ���� ��

� LL44-GPC3 ���� ���� Nd ��� ���

� ��� ��	 4,000� �� ������ 23oN ��

� ����� ��	 ����. ���� Lyle et al.

(2002)� �������� 	 1,200 km ���� ��

� (7oN-33oN) ��� ����� ���� �� ���

��	 20 Ma� ������ 	 27oN� �� ���

�, � �� 	� ���	 ��� �� �� ��� �

���. ��� �
 �� �� ��� ������ �

3� �� ���� ��� �� ���� 	�� ��

	 ���� ��. 

�
���-���� ���� ��� ���� �

�� ��� 
� ���� ���	 ���(Figs. 2, 3),

� �� �� 16o12'N� �� PC 02-01-02� �� 	

8 Ma(Hyeong et al. 2003), ��� 8-10oN ��� ��

��� �� 2-4 Ma(Lyle et al. 2002; ����� 2004)

� 
� ��� ��	 ���. �� ��� ���

�� ��� ��	 �� ������ ��	 ���

	 ����, ��� ������ �3� �� 
� ��

�	 �� �� 	��� ��� �� ��
 ����.

�� ���� ��� ����� ��� �����

������ ������ �	� ��� ������

��� � ��� � ���� �� ��� ���

�, ��� �
���-���� ���� �	�� ��

��	 ��	 �� �
� �� ��� ��� ���

��� ��� � ��� ��� ��� ����.

6. �  �

����� C-C���� ��� ����� ����

� ���� ��� ������ �� ���� �


�3� �� 
�� ����� ���� ���� ��

��
 �
���� �� � � ��� �� �	��

� ���� ��	 ���. ����� � ����� �

� 17oN�� 65%�� ���	 ��� ��� ���

���	 9o30'N��� ���� 31%� ����. ��

� �
���� �� 17oN�� 11%� �� ��, �

�� ��� 
� ���	 9o30'N��� 56%� ���

�. �
 �� ��� ��� ��� � �
����


� ����� ��� ������ ������ ��

	
�� ��� ��� �� ���� 	
� ��� �

��� ����. ����� � �
���� ����

�� ����� 10oN ��� ������ �� �	


����, �
� ���� ��� �� ������ 

� ��� ���� 
��� ��� � ��.

�� ���� ��� ���� ��� ��� �� �

�� ��� ����� ���� �
���� �� �

��� ��� ��� ����. �� �3� �� ��

���� ���� ��� ����� ������ �

�� ���� ��	 ��� ��� ����. �� �


���� ����� ��� ��� ��� ����

��� ������ �3� �� 
� ��� �
� �

�� ����. 

�  �

� ��� ������ ���� ������� �


��� ������ ������(PE896-00)� ��	

�� �	���. �� �	� 
� ��	 �� ����

����� ��� 	
�� ���� ��� 	
��

�����, �� ��
�
 ����� ��� ���,

��� ��� ������. 
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