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1. Chemical Analysis of Rock 

  Chemical analyses of five basalts samples were conducted for 36 components. 
Analyzed elements and detection limits are given below.  

 
Elements and Detection Limit  

 

Majors 
Elements  
（15） 

SiO2, TiO2, Al2O3, Fe2O3, FeO, MnO, MgO, CaO, Na2O, 
K2O, P2O5, CO2, H2O+, H2O-, LOI             

Detection limit 0.01% 
Trace 

Elements 
（21） 

Sr, Ba, Zr, V, Y                    Detection Limit 1ppm 
Rb, Nb                         Detection Limit 0.1ppm 
La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, 
Ho, Er, Tm, Yb, Lu             Detection Limit 0.01ppm 

 
The chemical analyses were conducted by following method. 

 
Analytical Methods 

 
Elements Method 

SiO2, TiO2, Al2O3, Fe2O3, MnO, MgO,  
CaO, Na2O, K2O, P2O5, 

ICP 

FeO Titration 
CO2 , H2O+, H2O-, LOI LECO 
Rb, Sr, Ba, Zr, V, Nb, Y, La, Ce, Pr, Nd,  
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu 

ICPmass 

 



 For chondrite normalized diagram,  the  chemical composition of Wakita et al． 
(1971) was used. 

 

Chemical Composition of Chondrite 
 

La 0.340  Tb 0.047 
Ce 0.910  Dy 0.300 
Pr 0.121  Ho 0.080 
Nd 0.640  Er 0.200 
Sm 0.195  Tm 0.032 
Eu 0.073  Yb 0.220 
Gd 0.260  Lu 0.034 

Wakita et al． (1971) 
 

２．Chemical analysis of Cobalt Crust 
 

Chemical analyses of 85 manganese crust samples were conducted for 36 components. 
Analyzed elements and detection limits are given below. 
 

Elements and Detection Limit 
 

Elements Detection Limit 

Co, Ni, Cu, Mn, Fe, Pb, Zn, Ti, Mo, V, 

Si, Al, Ca, Na, K, P, Ba, Sr, LOI, H2O
+, H2O

-
0.01% 

Pt, La, Ce, Pr, Nb, Sm, Eu, 

Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu 
0.01ppm 

 

 



 

Sample preparation of manganese crust was done following the method of Terashima, Usui and 
Imai (1995). Chemical analyses were conducted by methods given below at ALS 
Chemex Labs, Canada. 
 

Analytical Methods 
 

Elements  Method 

Co, Ni, Cu，Mn, Fe, Ti, Si, Al, Ca, Na, K, P, ICP 

Pt Fire Assay – ICP 

Pb, Zn, Mo, V, Ba, Sr, La, Ce, Pr, Nb, Sm, Eu, 

Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu 
ICP MASS 

LOI, H2O
+, H2O

- LECO 

 

 





Results of Chemical Analysis of Rocks 

02SMS01 02SMS01 02SMS12 02SMS12 02SMS12
BMS01C CA01 BMS03C CA01 BMS04C CA01 BMS07C CA01 BMS07D CA01

Olivine Basalt Olivine Basalt Olivine Basalt
Olivine,

Clinopyroxene
Basalt

Olivine,
Clinopyroxene
Basalt

SiO2 % 47.41 34.89 49.14 50.75 50.81
TiO2 % 1.93 1.60 2.74 1.66 1.65
Al2O3 % 16.85 12.94 15.39 16.58 16.36
Fe2O3 % 10.32 9.62 6.67 7.11 6.12
FeO % 0.55 0.55 3.04 1.40 1.88
MnO % 0.10 0.06 0.13 0.14 0.10
MgO % 3.54 2.05 5.49 4.53 4.69
CaO % 6.83 17.39 8.56 6.16 7.58
Na2O % 4.06 3.08 3.76 4.18 4.25
K2O % 1.28 1.33 1.31 2.64 2.26
P2O5 % 1.05 8.73 0.43 0.60 0.51
 CO2 % 0.11 1.39 0.07 0.07 1.06
H2O+ % 1.99 2.18 1.08 1.78 1.35
H2O- % 2.35 1.83 0.84 1.07 0.92
LOI % 5.05 6.65 2.47 3.25 3.66

TOTAL % 98.97 98.89 99.13 98.99 99.87
FeO* % 9.84 9.84 9.04 7.80 7.39

0.265 0.172 0.378 0.367 0.388

Rb ppm 30.6 35.7 29.1 72.7 64.4
Sr ppm 340 693 538 733 709
Ba ppm 187 141 350 856 798
Zr ppm 100 99 145 244 236
V ppm 154 205 221 95 103

Nb ppm 27.2 24.6 35.9 67.5 65.3
Y ppm 29.2 123.0 22.8 22.8 22.2
La ppm 19.05 70.63 23.90 57.56 52.88
Ce ppm 29.06 38.04 49.89 101.90 95.44
Pr ppm 3.97 6.92 6.18 10.60 9.93
Nd ppm 17.95 31.24 27.38 38.78 36.41
Sm ppm 4.37 6.49 6.42 6.47 6.16
Eu ppm 1.76 2.30 2.48 2.36 2.26
Gd ppm 4.91 8.74 5.89 5.07 4.90
Tb ppm 0.92 1.42 1.00 0.85 0.87
Dy ppm 4.63 7.93 4.71 4.41 4.39
Ho ppm 0.84 1.78 0.77 0.76 0.73
Er ppm 2.34 5.37 2.02 2.08 2.02
Tm ppm 0.31 0.80 0.24 0.27 0.27
Yb ppm 1.86 4.32 1.48 1.63 1.68
Lu ppm 0.26 0.69 0.19 0.24 0.22

Mg#
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Site

Sample No.

Depth （ｍ）

Sampling Depth （cm）

Abundance of Planktonic Foraminifera
Preservation of Planktonic Foraminifera

Geological Age
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Table 3 Calcareous Nannoplankton of Unconsolidated Sediments
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Figure 1  Electron Microscope Photograph of Planktonic Foraminifera of 
Unconsolidated Sediments 

 
 

 
Scale bars: 200μm 

 

1.  Bolliella calida calida (Parker). Umbilical view, Sample from 02SMS012-LC33-FS01. 

2.  Globorotalia tumida (Brady). Spiral view, Sample from 02SMS012-LC15-FS02. 

3.  Globorotalia tosaensis Takayanagi and Saito. Umbilical view, Sample from 02SMS012-LC15-FS02. 

4.  Globorotalia truncatulinoides (d'Orbigny ). Umbilical view, Sample from 02SMS012-LC15-FS02. 

5.  Globigerinoides fistulosus (Schubert). Spiral view, Sample from 02SMS011-LC14-FS03. 

 





 
 
 
 
 

Figure 2  Microscopic Photographs of Calcareous Nannoplankton in 
Unconsolidated Sediments  

 
1. Emiliania huxleyi  (Lohmann) Hay & Mohler,  sample 02SMS12LC33FS01 
2. Pseudoemiliania lacunosa  (Kamptner) Gartner, sample 02SMS12LC19FS02 
3, 4. Gephyrocapsa parallela  Hay & Beaudry, sample 02SMS11LC14FS01 
5. Gephyrocapsa oceanica  Kamptner, sample 02SMS11LC14FS01 
6. Calcidiscus macintyrei (Bukry & Bramlette) Loeblich & Tappan, sample  
   02SMS12LC19FS02 
7. Umbellosphaera irreguralis  Paasche, sample 02SMS11LC14FS01 
8. Oolithotus antillarum  (Cohen) Reinhardt, sample 02SMS12LC19FS02 
9. Umbilicosphaera sibogae  (Weaber-van Bosse) Gaarder , sample  
   02SMS11LC14FS01 
10. Helicosphaera carteri  (Wallich) Kamptner, sample 02SMS11LC14FS01 
11. Helicosphaera inversa  Gartner, sample 02SMS11LC14FS02 
12. Rhabdosphaera clavigera  Murray & Blackman, sample 02SMS11LC14FS01 
13. Discosphaera tubifera  (Murray & Blackman) Ostenfeld, sample  
    02SMS12LC19FS01 
14. Syracosphaera pulchra  Lohmann, sample 02SMS12LC19FS02 
15. Scapholithus fossilis  Deflandre, sample 02SMS12LC19FS01 
16. Discoaster brouweri  Tan, sample 02SMS12LC19FS02 
17. Discoaster asymmetricus  Gartner, sample 02SMS12LC19FS02 
18. Discoaster pentaradiatus  Tan, sample 02SMS12LC19FS02 
19. Discoaster surculus  Martini & Bramlette, sample 02SMS12LC19FS02 
20. Discoaster tamalis  Kamptner, sample 02SMS12LC19FS02 

 

  





 
 
 
 

 
 

Figure 3  
 

Microscopic Photographs of Planktonic Foraminifera of Rock Samples  
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