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SUMMARY % KEYWORDS

Rare metals are used in cutting-edge technology to increase product wvalue.
With increasing technological advances, the demand for rare metals has
increased, raising concerns for resource substantiality. To rapidly resolve the
imbalance of rare metal supply and demand, increased recycling and
substitution of rare metals by different materials have been proposed, but
these approaches have been unsuccessful to date. The exploitation of seabed
mineral resources such as polymetallic nodules, ferromanganese crusts,
seafloor massive sulfide (SMS) deposits, and rare-metal-bearing deep-sea
sediments have also been identified as a possible rare metal sources. The rare
metal contents of a deep-sea sediment deposit from Central Indian Ridge are
evaluated as potential rare earth element (REE) resources. We evaluated the
rare metal potential of these deposits in terms of TREO grade, and relative
rare earth oxide distribution (RRD), The deep-sea sediments have relatively
low total rare earth oxide (TREO) contents, a narrow range of TREO grades
(¢ 0.01%). The average TREO content of the deep-sea sediments is relatively
low than the nodules and crusts but the deep-sea sediments contain
approximately double the NPD and SEGTY contents, and half the LC
contents of the crusts and nodules. Furthermore, the TREO content and total
basket price of the deep-sea sediments increase with depth. Within Unit III,
the LC content decreases sharply, whereas the NPD and SEGTY contents
increase, owing to its low Ce concentrations.

(KEYWORDS : rare earth metal, rare earth element, deep-sea sediment,
grade, resource potential)
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Figure 3. Photographs of sediments from Multiple corer sampling.

Table 1. Features of the sediments from Multiple corer sampling.

RN

I R O M= T DI R TR RO MR M AR

£ S

Sample Subcore Location Depth(m) Remark
No. length(cm) Latitude Longitute P
MCIR .
1801 A(31)/B(35) 14°28.22'S 62°50.40'E 3,834 Basin
MCIR Fracture
A(57)/B(44)/C(42) 12°39.13'S 64°52.40'E 4,414
1802 zone
MCIR . A .
1803 A(35)/B(41) 08°13.92'S 68°16.85'E 4,627 Abyssal hill
MCIR )
1804 A(22)/B(22) 10°39.30'S 66°29.70'E 3,157 Abyssal hill
MCIR .
1805 A(29)/B(25) 10°49.21'S 66°41.38'E 3,621 Axial valley
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Figure 4. Photographs of sediments from TV-grab sampling

Table 2. Features of the sediments from TV-grab sampling

Sample Location Depth(m
Remark
No. Latitude Longitute )

GTVIR ] j ,
[A] 1801 08°10.459'S 68°08.293'E 3,707 Hydrothermal vent site

GTVIR i . . . )
[B] 1802 08°10.013'S 68°08.162'E 3,800 Hydrothermal vent site

GTVIR ) ) ,
[C] 1803 08°10.126'S 68°08.187'E 3,772 Hydrothermal vent site

GTVIR ] ] ,
[D] 1804 08°10.126'S 68°08.187'E 3,772 Hydrothermal vent site

16



. F8 55 2 slfaa5s F9 4
549 HAE A 78 55 T dFeEXdA d5H A5E oE
A A g5 Ased H& FE, ZLE YA ZHdle] §EFo] ol d47|
Ao FHEFol HA O #HAYFS AALEH B S ER FHe dFAY 3
A Ao Al BF AR RS Bt g 59 HA =9 IJER{ T (Total REE)
 °F 40 ppmo® w2 F9E HRITHTable 3). olggt HAES & &
T BT EE VIS AewE AzbE.

Table 3.

Representative chemical compositions

of sediments

GroupElement Ut _ [RMC1801A IRMC1802A IRMCIS03RB__IRMC1804B  IRMC 18054 13014 18023 1803-2 18043 18044

T % i3] 105 117 8 135 27.02 4037 1147 12.09 8.57

non: Cu % 01 01 01 01 01 618 791 89 99 39

b;"f;‘: P . 0 01 0 01

m % 68 64 1 Btt 0

L ppm m 397 562 193 234 83 2% 1536 775 16.19

Be ppm 14 2 39 12 17 03 07 18 a7 2

T % 01 0 05 0 0 05 0 07 08 07

Vo oppm 1388 19.13 2611 17.87 2561 4714 911 1442 1503 11021

G pm 3.59 6.66 20.11 1173 947 4146 70.84 7485 77.04 73.09

M % 09 13 Btt 04 08 3 06 221 BE] 568

o % 574 801 1429 32 54 49815 304.09 26207 15378 177.76

N % 156 787 4831 1673 1549 ny 3641 932 17677 179.02

) Ga  ppm 79 148 289 8 104 443 6.14 419 3.89 461

E Rb  ppm 238 448 768 177 262 2 336 1374 379

? S % 16 15 13 14 14 01 o 03 L) 03

5 . pm 754 11.76 274 9.83 8.27 1723 25.94 25.94

Nb  ppm E E 36 68 58

Mo  ppm 8 115 1 116 159 - 175 2384 E 94.64

sb ppm 32 4 52 2 2% 105 186 24 87 478

G pm 1 19 38 05 08 08 01 17 46 16

Ba % 08 1 18 08 09 03 01 09 n 16

Hf  ppm 09 12 39 06 E 45 61 6

W ppm 29 32 106 07 19 < E < E 75

Th  ppm 52 7 125 29 4 01 01 35 61 Y

U ppm L) 21 2 15 19 246 868 61 81 68

Se ppm 167 251 482 19 192 125 52 454 456 471

Y  ppm 163 212 2617 1046 136 14 202 17 1816 1419

La  ppm 892 1188 1433 503 759 4 68 6.8 991 824

Ce  ppm 784 116 1444 379 583 4 84 564 10.01 721

P ppm 183 25 321 111 153 12 19 131 229 169

Nd  ppm 78 10.63 1353 468 638 54 9 5.66 R 7.29

g Sm o ppm 174 237 3 107 144 13 3 133 224 171
g Eu  ppm 7 106 154 61 7 1 2% 8 157 12

3 Gd  ppm 204 278 365 128 172 17 2% 163 268 204

_‘;_ ™  ppm 31 41 55 19 2% 03 04 25 41 2

b Dy  ppm 184 4 319 114 153 17 2% 154 24 189

& Ho  ppm 39 51 66 % 3 03 05 Er) 51 39

E pm 116 15 193 4 97 1 16 97 151 118

Tm  ppm 16 2 27 1 13 01 0 1 21 16

Yo o oppm 111 142 186 n 9 1 16 96 15 115

o ppm 15 19 25 1 13 01 02 3 21 16

TREE  ppm 36.08 4949 6254 208 2954 245 412 26.96 45.18 3463
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2. RSB ER S As 5

-t A A FERF F9= NE 94 ASIER g (rare earth
oxide; REO)S.& At} Hgk /i A3l ER 449 ) fEo] o5 F4t
88| EF &% (total rare earth oxide; TREO)S ©|&3lo] S EFHFAT FH5 H|
Wtk AFA oA 3gH HAES FASNEF] IS 001% vTow
G oun AR gE AFx FolA F5E AEIRe] TREOO UM = A= &
Zlol & HolA| g

HAEY FASIER FF T BIOIJEF(LaOs; + Ce03; LO)O FHaFnl= oF
30%E HeolH, |dx &+ vhA F(H) I EF(SmOs + ErOs + GdoOs + Y05 +
ThoO3 SEGY)®F = ()38 E7F(NdxO3 + ProOs + Dy2Os NPD) &4 = 70%E =}
Z]gtt} (Table 4; Fig. 5 and 6). YA EHAES A ERO F 5 17159

S S BT Bl kel el vaste] B, tiA EHEolA
Wonlastl e, HEA HA = kg AR ERIE duHes oF o
]_

o 9es & F UrkFig. 7). 5ol T AF shb wAFe G s
==
3

Yol 7t 7HE =& Al 7]1Q1gtH(Table 4).
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Table 4. Mean rare earth oxide (REO) concentrations and relative REO

distribution of sediment

IRMC

Rare earth oxide TRMC 1801 RMC 18024 oo TRMCISMB. TRMC 18054 15014 1802-3 1803-2 1804-3 1804-4
La,0; 167 165 159 157 172 122 109 159 154 166
Cey0; 146 16.1 159 118 132 112 134 143 155 145
Pr0; 34 35 35 35 35 31 31 33 35 34
3 Nd,O; 145 147 149 146 144 137 142 142 15 146
5 Smy0; 32 33 34 33 32 34 36 33 34 34
E Eu0; 14 L5 L7 19 17 25 4 2 24 24
2 G0 37 38 4. 39 38 41 45 41 41 4
= ThyO; 6 6 6 6 6 7 6 6 6
Dy,0; 34 33 35 35 34 41 41 38 36 37
Y,05 EL 318 313 354 34 383 ug 323 305 30,9
Others" 54 52 53 58 55 68 66 62 6. 59
" e 31 343 336 293 322 251 2. 21 328 3
% NPD 25 26 231 29 25 24 2. n8 236 231
= SEGTY? 43 131 433 179 453 525 5. 451 436 139
946 948 947 942 945 932 934 938 o4 941

'Others are HoyO; EryO; TmyO; YbsO; and Lu;0;
"Relative %REO ditribution: LC = (La+Ce) x 100/(La+Ce-NeH+Pr+Dy+SnrtEutGd+Y+Tb), NPD = (Nd+Pr+Dy) x 100/(La+Ce+Nd+PrDy+Smr+ Eu+Ge+Y+Tb), SEGTY = (StEu+ G+ Y+Tb) x
100/(La+CeNd+Pr+Dy+Smr+EutGd+Y+Th)
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Figure 5. Relative rare earth oxide (REO) contents of sediments from Multiple
corer sampling. TREO = total rare earth oxide. LC = low price group, NPD =

middle price group, SEGTY = high price group.
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Figure 6. Relative rare earth oxide (REO) contents of sediments from
TV-grab sampling. TREO = total rare earth oxide. LC = low price group,

NPD = middle price group, SEGTY = high price group.
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Figure 7. Relative rare earth oxide (REO) distribution of sediment (left) and
REO distribution of land-based REE mines (right)
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