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Abstract; Clay mineral assemblages, crystallinity, chemistry and micromorphology of clay particles in sediments from ODP
Site 1146 in the northern South China Sea (SCS) were analyzed and used to trace sediment sources and obtain proxy records
of past changes in the East Asian monsoon climate since the Miocene based on a multi-approach including X-ray diffraction
(XRD) and scanning electron microscope combined with energy dispersive X-ray spectrometer (SEM-EDS). Clay minerals
mainly consist of illite and smectite, with associated chlorite and kaolinite. The illite at ODP Site 1146 has very well-to-well
crystallinity, and smectite has moderate-to-poor crystallinity. In SEM the smectite particles at ODP Site 1146 often appear
cauliflower-like, a typical micromorphology of volcanic smecites. The smectite at ODP Site 1146 is relatively rich in Si ele-
ment, but poor in Fe, very similar to the smectite from the West Philippine Sea. In contrast, the chemical composition of il-
lite at ODP Site 1146 has no obvious differences from those of the Loess, Yellow River, Yangtze River, and Pearl River.
Sediment source studies indicate that smectite originates mainly from Luzon, kaolinite from the Pearl River and illite and
chlorite from the Pearl River, Taiwan and/or the Yangtze River respectively. The clay mineral assemblages at ODP Site
1146 were not only controlled by the continental weathering regimes surrounding the SCS but also by the changing strength

of the transport processes. The ratios of (illite+chlorite) /smectite at ODP Site 1146 were adopted as proxies for East Asian
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monsoon evolution. The consistent variation of this clay proxy with those from loess, eolian deposition in the North Pacific
and planktonic and benthic foraminifera, and black carbon in the SCS since 20 Ma shows that three profound shifts of the
East Asian winter monsoon intensity, aridity in the Asian inland and the intensity of winter monsoon relative to summer
monsoon, occurred at ~15 Ma, ~8 Ma and the youngest at about 3 Ma. The phased uplift of the Himalaya-Tibetan plateau
may have played a significant role in strengthening the Asian monsoon at 15 Ma, 8 Ma and 3 Ma.

Key words: clay minerals; sediment source analysis; East Asian monsoon; Miocene; South China Sea.
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Table 1 Chemical compositions of clay minerals in sediments from ODP Site 1146, loess and Pearl River by EDS analysis

/ SiO; Al O4 Fe, O3 MnO MgO CaO K;O Naz O TiO,
snl-1 45,22 17.25 15. 50 2.09 14. 05 0. 85 3.81 0.19 1.04
snl19-1 53.06 17.61 0. 00 0. 00 25. 84 0. 00 0.25 3.24 0. 00
snl19-2 52.71 30.78 0. 00 0. 00 6. 35 2.90 1. 30 5.96 0. 00
snl186-1 61. 85 25.44 0. 00 0.03 9.68 1.07 1.22 0.47 0.24
snl186-6-1 55.59 19. 14 0. 00 0. 00 21.62 0. 16 1.61 1. 84 0. 04
LoeM-1-1 42.43 24.62 19. 39 0. 00 10. 21 0.73 1. 65 0.97 0. 00
LoeM-1-2 48. 64 25. 29 12. 25 0. 00 11. 10 0. 46 1.93 0. 33 0. 00
LoeM-2-3 46. 38 23.48 16. 94 0. 00 9.83 0.35 1.52 0.90 0.61
snl-3 57.10 32.41 5.65 0.67 3.13 0.04 0. 10 0.79 0.11
snl-6 65.73 23.76 5. 54 0. 10 3.23 1.15 0.02 0. 00 0.47
snl-5 49. 86 19. 40 17. 14 1. 15 9.26 1.32 0. 26 1.35 0.27
snl-2 56.29 37.10 3.31 0. 00 0.18 0. 00 3.13 0. 00 0. 00
sn35-1 41.51 41.53 1.51 1. 69 0. 00 0.63 9.19 2.87 1.07
sn35-6 56.09 21.26 5.18 4.61 2.57 0. 00 5. 86 1.74 2.67
snl19-4 56. 26 35.07 0. 39 0. 00 2.48 0. 00 5.14 0. 00 0. 64
snl19-5 67.24 17.04 0.58 0. 86 0.14 0. 00 2.93 0.99 0.22
snl86-2 61.93 25.69 1.70 0. 00 3. 44 0.90 5.79 0. 00 0. 55
snl186-5 52.23 40.72 0. 00 0. 31 1. 67 0. 00 5.05 0. 00 0.03
snl186-6-2 54.78 35.97 0. 00 0. 00 5.17 0.17 2.60 0.29 1.02
snl186-6-3 58.63 34.32 0. 55 0. 00 4.01 0. 60 1. 32 0. 00 0.58
sn246-1 57.09 34. 21 0. 34 0.02 3.58 0. 00 4.04 0. 45 0.27
sn246-3 55.68 35. 57 0. 00 0. 00 3.23 0.18 4. 74 0.57 0.03
sn246-4 52.72 39. 64 0. 20 0. 00 0. 84 0. 00 5.05 1. 49 0.05
sn246-6 54. 25 36.59 0.70 0. 00 0.71 0. 30 6.65 0.79 0. 00
sn35-2 51.91 28. 26 11.28 0. 00 3.09 0.13 4. 38 0. 95 0. 00
sn35-4 56. 04 22.83 7.61 1. 10 6.02 1.98 4. 14 0.29 0. 00
sn35-5 52.25 21.62 14. 82 0. 00 3.93 0.42 5.62 1. 10 0.25
4R92-1-2 55. 20 37.83 2.64 0. 00 1. 88 0. 00 1. 10 1.33 0.03
4R92-1-1 55.99 31.97 1. 00 0. 00 3.85 0. 04 5.59 0. 85 0.71
4R92-2-1 52.58 39. 19 0.41 0. 00 1.52 0. 25 4.41 1. 49 0.16
4R92-3-1 55.39 33.61 0. 00 0.97 4.70 0. 00 5.32 0. 00 0. 00
4R92-6-1 53. 36 39.63 0. 55 0. 33 0.53 0. 06 5.21 0.12 0.21
4R92-6-2 53.54 40.78 0. 20 0. 00 1.07 0. 34 3.63 0. 26 0.17
4X127-2-1 54.10 36. 57 0. 66 0.42 2.63 0. 00 5.39 0.22 0. 00
4X127-3-1 52. 44 40. 97 0.48 0. 00 0. 83 0. 20 3.84 0. 00 1. 24
4X127-3-2 52.72 31.90 5. 94 0.02 2.62 0.57 4. 90 0. 69 0. 65
4X127-4-1 54. 89 32.44 2.88 0.48 3. 36 0.32 2.20 0. 46 2.98
4X127-4-2 47.92 32.95 5.48 0.15 3.18 0. 60 2.48 0. 60 6. 64
LoeM-2-2 54. 04 29. 44 4.42 0. 25 2.88 0. 55 6.75 0. 60 1.07
LoeM-3-1 60. 38 31.07 1. 28 0. 36 0.93 0. 00 3.26 2.01 0.72
LoeM-1-3 54. 66 22.64 9.45 0.08 5.42 0. 88 2.70 2.70 1.45

sn 1146 LoeM s
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2 (%)
Table 2 Comparison of chemical composition of clay minerals from various regions
SiO; ALO;  FeO;  MnO  MgO CaO  K,O Na,O  TiO,
56. 36 27.72 5.05 0.23 3.08 0.48 4.24 1.77 1.08 1
52.99 38.95 2.74 0. 00 1.37 0.65 1.97 0.76 0.57 2
53.47 36. 17 1. 84 0.22 2.38 0.22 4.01 0.55 1. 16 1
1146 55.75 33.44 1.11 0.58 2.16 0.21 5.50 0.71 0.55 1
43.71 23.21 23.36 0. 00 2.64 0.67 0. 81 5.12 48 2
60. 09 21.20 8.62 0. 00 3.18 3.21 1. 81 1. 00 0. 46 3
1146 61.42 28.09 5. 60 0. 39 3.18 0. 60 0.06 0.40 0.29 1
45. 82 24.46 16. 19 0. 00 10. 38 0.51 1.70 0.73 0. 20 1
36. 35 26.19 11. 50 0. 00 15. 68 2.59 1.58 5.51 0. 60 4
1146 53.69 22.04 3. 10 0.42 15.51 1.00 1. 64 2.34 0. 26 1
* .1, 2. ,1997; 3. ,1995;4. ,1997.
s (1 pm ). s (Hall, 2002).
1146 \ 30 Ma ,
(Guong et al. , 1989).
Clift et al. (2002) Lietal.(2003) ODP1148
) X Nd 23 Ma
1 ODP1146 .
R . EDS 69 X 10° t (Milliman
2 ( ,1992) and Meade, 1983).
( ,1997) ( , s
1995) ., R .ODP1146 . Nd s
EDS . 1146 (Liu et al., 2003;
N N , Boulay et al. , 2005).
, 1146 , 4
) 1146 . . . . (
, , ) ., 3 4
1146 ( ) , N R N
s (Boulay et al. , 2005)
2%,
3 0%, ODP1146 340,
3.1 ,
1146 70%.
s (~32~17 Ma;Briais et al. , ’
1993).

(Taylor and Hayes, 1983; Lee and Lawver,

1994).

’ 17 Ma

(Liu et al. , 2003; Boulay et al. , 2005).
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3

Table 3 Mineral assemblages and crystallinity index of clays from various regions

(€Z3) %) %) %) 1B 1B
1146 34 45 12 10 1.56 0.37
1 52 39 8 0. 34 0.31
1 78 6 15 0.49 0. 46
) 69 9 16 0.56 0.31
0 69 1 30 \ 0.25
46 21 9 24 1.33 0.33
, , 1146
, , . Liu et al. (2003)
s s ,1146
( ,2001; Liu et al. , ,
2003; Boulay et al., 2005). s
(50%~60%) (30%~40%) . (
( 3). 1B) « 3 , N R
« 3, (0.5 ), (
) (~1.33),
1146 (Liuetal., 2003). ,1146 (~1.56).
s 1B ,IB )
. ’ ( + ’ b
)/ 1 , 1146 1145 (Jeong et

5’\/6. ] / al. ’ 2004).
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