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REE-rich mud in the Pacific Ocean

• Geochemical natures and distribution of REE-rich mud
• Possibility of REE-rich mud development



REY (rare-earth elements and yttrium)

HREE (Tb, Dy, Yb, Y) and Eu
are very important
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Principal use of rare-earth elements and yttrium (REY)

REY are crucial for high-tech products
・green-energy technologies
・novel electronic equipment
・space development industry  etc…



Minowa (2011)

Dy is a key element for a hybrid vehicle！

• Fe-Nd-B magnet：
1.0 kg (Prius, TOYOTA) ~1.8 kg (Estima, TOYOTA)

• Nd (30%)：300 g ～ 540 g
• Dy (3%～8%)：80 g ～144 g

3 tonnes of REY ore !

One hybrid vehicle needs…

REY used in a hybrid vehicle 



（Ueda, 2011)

Generator rotor with 
Fe-Nd-B magnet

(4 meters in diameter)

1,500 ~ 2,000 hydrid vehicles !

REY used for wind power generation

Permanent Magnet Synchronous Generator
• Fe-Nd-B magnet： 1.5 t ~2.0 t
• Nd (30%)：450 kg ~ 600 kg
• Dy (3% ~ 8%)：45 kg ~ 160 kg



Missile guidance
and control system
(Nd, Pr, Sm, Dy, Tb)

Rader surveillance system
(Nd, Y, La, Lu, Eu)

Laser targeting system
(Y, Eu, Tb)

REY are also indispensable for security

Principal uses of REY: Advanced military technology



REY deposits in the world

(Watanabe, 2008)

• Almost all deposits are of LREE
• Ion-absorption-type deposits in southern China 

exclusively produce HREE

• 97 % of REY are mined and produced by China
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LREE deposits on land

Bayan Obo (China)
(hydrothermal Fe-oxide)

Mountain Pass (USA)
(Carbonatite)

 LREE deposits are formed by 
magmatic activity and 
hydrothermal alternation (ex. 
carbonatite, hydrothermal Fe-
oxide, alkaline complex).

 Radioactive elements (Th and U) 
are also enriched by fractional 
crystallization.

Xenotime (YPO4)bastnäsite ((REE)(CO3)F)

（AIST HP）

Enrichment of Th and U causes a serious problem of 
radioactive waste during the mining and smelting



HREE deposits on land  (ion-absorption-type deposit)

(Ishihara et al., 2005)

 HREE enrichment occurs in
clay minerals formed by granite
weathering.

 Easy extraction of REY by in-
situ leaching.

(Bao & Zhao, 2008)

Longnan (southern China)

In-situ leaching of
ion-absorption-
type deposit

Leaching acids injected into outcrops are uncollected, and 
cause a severe environmental pollution



Mode of
occurrence

chimny/mound
(10～102 m)

thin coated-layer
(0.1～10 cm)

spherical
(2.5～25 cm)

Amount 104～106 t
(one site)

 5×1010 t  5×1011 t

Distribution the open sea
+ EEZ

the open sea
+ EEZ the open sea

Well-known mineral resources

Hydrothermal
sulfide deposit

Manganese
crust

Manganese
nodule

Mineral deposits on seafloor
Well-known mineral resourcesA new mineral resource

“REY-rich”
deep-sea mud
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Mode of
occurrence

chimny/mound
(10～102 m)

thin coated-layer
(0.1～10 cm)

spherical
(2.5～25 cm)

bedded
(2～70 m)

Amount 104～106 t
(one site)

 5×1010 t  5×1011 t > 1×1014 t (?)

Distribution the open sea
+ EEZ

the open sea
+ EEZ the open sea the open sea

 + EEZ

REY-rich
mud

Well-known mineral resources

Hydrothermal
sulfide deposit

Manganese
crust

Manganese
nodule



Reported by major international news media



Reported by major international news media



1. High REY (HREE) contents

Kato et al.  (2010)

Advantages of REY-rich mud

Kato et al., Nature Geoscience (2011)



2. Huge amounts of REY resource

Kato et al., Nature Geoscience (2011)

Advantages of REY-rich mud

~1,000 times larger than the world’s current 
land reserves of REY



3. Easy exploration

Kato et al., Nature Geoscience (2011)

Advantages of REY-rich mud



4. Low Th and U contents

Advantages of REY-rich mud



5. Easy leaching by dilute acids

REY

Kato et al., Nature Geoscience (2011)

Advantages of REY-rich mud



Sources for seafloor mud
1.  Lithogenous: Terrigenous (continental) and/or Volcanic component

2.  Biogenous: CaCO3 or SiO2 shells of microorganisms

3.  Hydrogenous: Component Inorganically precipitated from seawater

4.  Hydrothermal: Component precipitated from hydrothermal plumes



Distribution of REY-rich mud (< 2m in depth)

Kato et al., Nature Geoscience (2011)



Depth profiles of REY-rich mud (< 50m) 

Kato et al., Nature Geoscience (2011)



Formation of REY-rich mud

phillipsite



Development system of REY-rich mud
(collaboration with MODEC and Mitsui & Co., Ltd.) 

REY-rich mud

compressed
air

sea water

bubble
＋

mud
＋

seawater

REY-rich mud



Resource value of REY-rich mud at Site 76

Amount of REY available
700 m x 700 m x 10 m x 0.66 g/cm3 x 1,178 ppm*

 Total amount of REY ≒ 3,600 t (as oxide)
 Amount of Dy ≒ 145 t (as metal)

Annual REY consumption of Japan
 Total amount of REY： 30,000 t (as oxide) → 12 %
 Amount of Dy： 700~800 t (as metal) → 18~21 %

(**Based on the prices as of April, 2012)

Assuming ~3 million tons of mud lifted up 
by one mining ship per a year

(*Assuming that extraction rates of REY are 97% except for Ce (25%) and a separation efficiency of the solution from mud is 95%)

~1 billion US dollars in the present price**


