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Ignition coil Electric Power Stirring
Driving Motor of HV -

HDD for Car Navigation

4 -’ .'I
Sensor for Seat Belt

Generator for HV

Motor for Water Pump

Distance sensor between cars

Electric Brake

« FeNd-Bi.ARER=:
1.0kg(FYHR)~1.8kg(TRTALX)

. NdfEFAE (30%): 300 ~ 540 g

- DyffFiZE (3~8%): 80 ~144¢
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FeNd-BEAFERE  16H1=Y 1.5~20t
-NdfE FHE (30 %): 450 ~ 600 kg
-DyffiFHE (3~8%): 45 ~160 kg
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QOcean floor muddies China's grip on '21st-century
gold'

By Richard Ingham (AFF) — 1 day ago

PARIS — China's monopoly over rare-earth metals could be challenged by the discovery of o ereidsie 250 | 2950 1 S| -

massive deposits of these hi-tech minerals in mud on the Pacific floor, a study on Sunday A July 2011 Last updated a1 0455 GMT = o Top Stories

suggests. . . B e Obama offars 9/11
China accounts for 97 percent of the world's production of 17 rare-earth elements, which are Japan flndS rare earths In =y | message of hope

essential for electric cars, flat-screen TVs, iPods, superconducting magnets, lasers, missiles,
night-vision goggles, wind turbines and many other advanced products.

Pacific seabed

e ot Japanese researchers say they have

These elements carry exotic names such as neodymium, promethium and yttrium but in spite 8 ARG DUTE IR GEaT oS EE W
of their "rare-earth” tag are in fact abundant in the planet's crust. waste being discovered vast deposits of rare earth P . _g X i
processed at a minerals, used in many hi-tech appliances, Gaddafi’s son "arrives in Nigar
Tr']le ';]nroblem‘ !houg_hklis tha} I_angI deposits o{)_lhem are thr:n and scattered around, so sges privately-owned rare in the seabed. Japan names Edanc trade minister
which are commercially exploitable or not subject to tough environment restrictions are few. i
yexp ) g earths factory “1 Inner Guatemala votes for new president
Mongha (AFP#’F"E The geologists estmate that there are about a
)

As a result, the 17 elements have sometimes been dubbed "21st-century gold" for their rarity 100bn tons of Ihe rare elements In the mud of

Frederic J. Brown)

and value. the Pacific Ocean floor
Producti f them is al t entirel tred on Ch hich also h: third of th Id's Feauses & Anary5|5
roduction of them is almost entirely centred on China, which also has a third of the wor = ’ ;
reserves. Another third is held together by former Soviet republics, the United States and Map f‘;g:m‘wﬂgs e e ——— , In pictures
Australia. = TR growing focus for environmentalists’ concem Farmers in quake-hit Miyagy
T Bude © ALE— B struggle to rectaim their land
But a new study, published in the journal Nature Geoscience, points to an extraordinary AL "ok 3 Analysts say the Pacific discovery could . )
11 challenge China's dominance I recovenng the minerals from the seabed ~ Related Stories Ratzs to riches

concentration of rare-earth elements in thick mud at great depths on the Pacific floor. :
proves commercially viable Grotty Moroccan town cleaned by
Japanese geologists studied samples from 78 sites covering a major portion of the centre- culture

eastern Pacific between 120 and 180 degrees longitude. Seabed mining on

The British journal Nature Geoscience reported thai a team of Pacific agenda
scientists led by Yasuhiro Kato: an associate professor of earth science Vintage 80s

The changing strests of Londan

al the University of Tokyo, found e minerals in sea mud al 78 localions,  Japan seeks new

Drills extracted sedimentary cores to depths that in place were more than 50 metres (165 feet) 1 . "
options on rare earths

below the sea bed. il 79
L e ) i through a fens
R A RdToe. el - "The deposits have a heavy conceniration of rare earihs Just one UN in Malaysia rare-
More than 2,000 of these cores were chemically tested for content in rare-earth elements. square kilometre (0.4 square mile) of deposits will be able to provide one-  earth inquiry White heat
o ) _ fifth of the current global annual consumption,” said Yasuhiro Kato, an N rTAAAIE F-armaispla 2 tha
The scientists found nich deposits in samples taken more than 2,000 kilometres (1,200 miles) associate professor of earin science at the University of Tokyo s mm]m Shom Y

from the Pacific’s mid-ocean ridges. .
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Deep-sea mud in the Pacific Ocean as a potential
resource for rare-earth elements

Yasuhiro Kato'*, Koichiro Fujinaga', Kentaro Nakamura®, Yutaro Takaya', Kenichi Kitamura',
Junichiro Ohta’, Ryuichi Toda', Takuya Nakashima' and Hikaru Iwamori®

World d d tor rth el and the metal
yttrium—which are crucial for novel electronic equipment and
green-energy technologies—is increasing rapidly'™. Several
tms u‘f seafloor sediment harbowr high concentrations of

ts*7. H seafloor sedi have nat
been r!-pnied as a rare~earth element and yttrium resource,
because data on the spatial distribution of these deposits are
insufficient. Here, we report measuremants of the slemantal
composition of over 2,000 seafloor sediments, sampled at
depth intervals of around one metre, at 78 sites that cover
a large part of the Pacific Oan. We show that desp-sea
miud contains high concentrations of rare-earth elements and
yitrium at mumerous sites throughout the eastern South and
central Morth Pacific. We estimate that an area of fust one
square kilometre, surrounding ane of the sampling sites, could
provide onefifth of the current annual world consumption of
these elements. Uptake d m!rﬂuhmuﬂiaﬂ&yﬂrﬁm by
mineral phases such as h hermal iror ides and
philipsite seems tobe mspunslﬁe ‘lnrﬂmrtughmntmlraﬁun.
We show that rare-sarth elements and yttrium are readily
recovered from the mud by simple add leaching, and suggest
that deep-sea mud constitutes a highly momising huge
resource for these elements.

M presesi, 37% of the world's production of mre-earth elements
and yurium (REY) coomnted for by China, although China
has only one-thind of global reserves and the Commenwealth of
Independent States, the United :-l.ues und Austratia together have
another one-thitd of reserves’. China's dominance pertains o
heavy rare-carth elements (HREE: conventionally (Gd to Lu, but
Eu cluded herel, which are especially important materils for
high-technology products induding electric automobiles and fla-
screen tedovistans”. HREE reserves are almost afl m ion-absorpiion-
type ore deposits in southern nia, whereas light REE (L}
can be obtained from crbonatite/alkaline igneous complexes m
other countries'-*. We report heve the greai potential of deep-ses
1{["1 rich mud in the Pacific Ocean as a new mineral resource for
espocially HREE, because the mud commonly has a
][H] IJ[RL ratio than the southern Chine ion-absorprion-type
deposity, a3 describerd below,

We studied drill core samples from 51 sites obiined by the Degp
Sea Drrilling Project!Ocean Drilling Program [ DEDPODP) dnd
piston core samples from 17 sites obtained by the Coean Research
Institute, the University of Tokvo | Supplementary Table 51 ), which
cover a major portion of the Pacific Ocean (Fig. 1), Many of the
DSOPODP holes penetmted ¢ Jepth greater than 50m below
seafloor (mbsfl, whereas most of the University of Tokyo piston

cargs are ~Jm long and some are less than 3m Jong (F
and Supplementary Fig. 51} We measured chemical compe
af 2 bulk-sedimert samples 1o evaluate the potential of
uaﬁlmr sediment as 8 REY resource (Supplementary Data 51 and
e see Methods)

REY-rich mud {generally metalliferous sediment, zeclitic clay,
and pelagic. red day in lithslogy) 45 mainly dist
regions: the eastern South Pacific and contral North I
In the eastern Seuth Pacific {
mud has high REY contents, |,000-2
and 200430 ppm total HREE (EHREER), REY contents of the mud
are comparable lo or greater than those of the southern C
m-absorption-type deposits | TRE 2,000 ppr; EHHE
5020 ppr; refs 3,100 notably, the HREE are nearly twice as
abundant as m the Chinese deposits. The core profiles reveal that
the REY-rich mud has sccomulated to thicknesses of ~10m at
Sites 76 and 319 (Figs 2b, ¥ and Supplemeniary Fig. 315 The
REY-rich mud lies ot the swiface and is less than 3m thick m
HEY contents there are very
and 1.630 ppm i Site 597;
Supplementary Table 52 and At Site 596, ~ 2,000 km. west
of these areas, high-EREY mud (2,| 10 ppm maximum, |, 10 ppm
average) occurs in a layer ~40m thick below 13.5 mbsf, wheneas the

ce sediment has EREY contents of less than 250 ppm | Figs 21
Sopplementary Fig. 51,

The REY-rich mud in the North Pacific east and west of the
Hawaiian {slands £, 130" W-170F E; Fig. 1) ha: moderale
HEY contents ( M 400-1,000 ppm., EHREE = 70180 ppmi
are much thicker than those of the

; South Pacific. mostly =30m and locally =70m (for
example; Site 122X Figs2a, 3 and Supplementary Fig. 511
Corrs from exst of the Hawatian [slands commenly show bmad
peaks of REY content that extend deeper than ~10mbsf [for
example, Sites 12851218 21, 3 and Sopplementary F
West of the Hawaiian lslands. some cores have relatively
EHEY contents, rangming from 680 o 1430 ppm (Sites 68 and
170}, Although the cores are relatively short (less:than 20 m
in the western area, the thickness of the REY-rich mud is
probably comparable o that in the castern ares, considerin
presence deeper than ~40 mbsf at Sites 164 and 168 {Fig. 24 and
Supplementary Fig. §11

REY-rich mud with moderate REY conte
northeast Pacific, west of the Juan de Fucs Hi nerally between
5 and 40 (Fig: 2¢ and Supplementary Fig 810, The ¢
from Sites 33 wnd 36 comtain sgnificant ameunts of Ler
muterial and have fow REY contents, which suggests that these

high { EREY

is also lound in the

dapan A
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pary, “Depariment of Eacth and
551 Lapan “e-m bykaleFee Lu-tokpo.ac g

HATURE GEOSCIENCE | ADVANTEONUMNE PUBLCATION | www aatureconybatur sgeos osoca 1
& 20711 Macmillan Pubiishers Limitad. 20 rights resarved.



“LT77—RiE DR

sl
1. L77—R (I ED??—Z)’%‘EE#%L\
90°E 120°E 150:_5 180° 150°W 120°W 90°W 60°W SEF & INDA
60°N HREE (ppm) HREE (ppm)

100 200

300 0 100 200 300
0

O DSDP/ODPO7’ )
O EX+k>ar7 :
ol L77—RE ! "
oO 4YPRMSICETHE :
OO REMAMELHEREN s | 1
KF80-3-22 K”E,‘?”“"‘ K {30
__ 311, S ir— :
i72-58 5 Q) 313 ng::;asn ‘o : 140
KHZ2-2-56 %@fw z""( : 3 :
KHB84-1-17A { !16 !
% S 154 1222 L 150
[ (] © 854 [}
*/FP* g = U KHGB-415315312 saz@l 8 8 :
A ]
] EREY (ppm) ‘ o J’ @ 0.2 O |f : »
4 28&@\ O KHGB—4 it East Pam |c Rlse “' 170
- N kinagde @ |
] > 1,500 v ® . 1 | REIDAF
\ o ( . 599 _ @ ™ : a0l RELGE | REMIE -
K842 KRR x&m&
- | O 1,000-1,500 30°S .
O 700-1,000
N hvd
%) 400-700 REDOEELEIKD2~51F
250-400 . KHE84-39:
O 0 f DLTT7—REEDEN,
VAN
| 60°S 10~70 m O)J_é_c ﬁ !

(Kato et al., 2011 Nature Geoscience)



’ 1/77—7(5@"0)4%:

Y

2. 7(3|15$l-f"< ?ﬁb ﬁﬁs?ﬁ‘ﬂﬂéﬁ

90°E 120°E

O DsDP/ODPOT W
O A7 ;

150°E

\

>

180°

150°W

gt

KH70-2-5-3 37,
) i KHTn.2.2 i 33
7 ~39
» KH80-3-22 s
®H84-1-21__ | ©) 16311 (a) I:F'*i(:F &)OTZ_
: (= s o) o)
472558 KH84.1-30
" e 4630
KHz2-2-56 29973
d KH84-1-17A | 199 i 9,
KH734-5TA0 869 164 1222
i o 0
[ 8070
| ZREY (ppm) - K :
— 280 @ KH88-4-20-2
N KH73%%9
>
) > 1500 4

1,000-1,500

700-1,000

400-700

250400
<250

O
2

, KH68-4-25 -2

S 596
KH68-4‘-29-2@ ©

120°W

4
) - -53-«% 853 83

5

90°W

60°W

— 30°N

(b) ﬁﬁiﬂlﬁ

KH68-4-31-30)

)

East Pacn" ic Rnse

I:l\K\r-I?1-5-44
DKH71-5-42.2

OD

- 30°S

o= _E 15

BN = D 10004% |

~ Katoet al., Nature Geoscience (2011)

60°S




90°E

120°E

150°E

ol

'
. fJ KH80-3-22
KHea-1-21 | O

“b77'JQEWDﬁE

\3 ERRENEDDHT

150°W

180°

KH70-2-5-3

KH7n-2.2-2

(@ q:*i(:Fﬁ\)On

46 3|1

knre23 O @ 2
724 KHB4 1-30 =
KHZ2.2.56 4630 {
é; KHB4-1 17A ¥ g
! % KH734- 5\&
k% o
: 8 KH80-3-30 U ‘9
807
ZREY (ppm) = O esare a
-‘" 2@@ O KH684202
> 1500 * KH73%2'9 3170)
83.‘,‘©Knsa-4 -25-2
©5% KK 5 15-2
1,000-1,500 KHGB{-29-2@ (b) Eﬁﬁ AT
KHE8-4-31-30)
O 700-1,000 | ¥
O 00-700 l
250-400 . KH68-4-392@
© <250

) 0854
-5-53-2 85 83

120°W 90°W

571 851

&
East Pacific Rise

.

O 01

o 602 O KH71-5-44
KH71-5-42.2]

60°W

— 30°N

0°

30°S

11>)}
NI

32k

1,000 km?

7—Aik




)qul

“LT7T7— x,JE”ovfr#
4. M s, rbswaamszﬁmx%éaim\\

1600

LP7—ZE 1 BOEYDEE ﬁib??—zﬂiﬁi
1400 1 [] rU™SL : :
1200 | | V5> | 5

= 1000 |
2 : ]
= I‘IE‘IT 800 |- I\IJ@_L\ 77/5% :
i - =IX5DEYVOERA|
* KYUSHIZHELN T |
400 | ]
200 | L !
I : 2 '
0 i — P ||
B H il = S |1 a — iq
Y ®  Pn & OE 3 2
a ]; 1 ﬂﬁ‘_ 1 & N N
&

HKMESKER{L Y




LTT—RR DHE

e

5. L7 7 —ADHH

NEHHTES |

0.2 mol I FREe, 1 BFfE, 25 °C

La Ce Pr Nd Sm Eu Gd Tb Dy Y Ho Er Tm Yb Lu

0.5 mol I 188, 3 B5fiE, 25 °C

La Ce Pr Nd Sm Eu Gd Tb Dy Y Ho Er Tm Yb Lu

gL

EaDAEICERRERT
T L7T—RDIFRE

(AETRTERHTES !

Kato et al., Nature Geoscience (2011)



R

N7

T R

T DR AE (ERXRZ

bra75—H#KR T

= | &




700-1,000

400-700

250-400
<250

ZIKDIRER

150°W

120°W

Hawaiian 1215
-islands—5% 1215

1623\/21 A

—916“[ 1022 1221\0 )
4-153 1634550/(0 )

:8 KHl70293

o°w
60°N
1+ 30°N
,E-%?‘d. ?Uk,ﬁiﬁt,t
00
O KH71-5-44
30°S

K§.4-31-3@
V4

»

. KH684-39-2 @

km

——
JA/'\-\[ 0 ,

2,000

' |
60°S :
-




L7 7 — iﬁ@iﬁiﬁ-;‘r“)b
BIKRODL 77 —ARL7XZIV

o
00 o0 © 00 o0
00 00" 50 09 °0¢&

24 Jj'U"fF (+—'H#E)

ANW?Z@M%
74 Yoot |~)

.-’/

4
rd



IR ST 53T IS R DR

Ic4
3,500 ¢
A

3000 phillipsite
'é‘ 2500 s
g ] Fe-oxyhydroxide I ..
; 2,000 .
L jc3
& 1500 e .

e ?‘ 20
4
10
R e, g
0 P
Fe,0,wt%) €2 Ict

Kato et al. (2011)

HEMPOLT7F7—RI(EHEKELY
BEEUT1)yT YA - ETR<HRS

XAFSHE LU m—-XRFIZ & B4R B9fR4T

- &
A l . . ek
. st S5 it 3

L cet et o o mef

1,000 . . AT, ::E;l‘ S
‘... g
k ; a7 +
500 . ? i Ak .. 25
ot &
0 u

EXAFS spectra of Y

FeO(OH) phillipsite

Site 75 (2.02 mbsf)

(k) K

»w, p S Bl |
- Ferrihyg:_i[ite

> 5-Mn0O,

I~
La j 832 Y

k (A7)

FPH (2013 HRERFEMS L), Kashiwabara et al. (2014)

L7 7 —ADHRAMBIET 1324+

1R B 2 4T X2 /B T 53 4T O 5
R L77—RARDHRANMEIE
B !

LA-ICP-MSIZ&BT7 /N34 D /BT 9 #T

TREY (ppm)
0 5,000 10,000 15,000 20,000 25,000

A-02
A-03 1
A
A-05
A-06
A-07
A-08
A-09
A-10

Ck:)A-OZ C‘ A-11
A-058a%04 a3 < At2
&

A-13
A-14

W — ]

A-16

Bulk |—

(Takaya et al., To be submitted to Nature)

FINZALDBLTT7—RBEIL 1~2%!




E|DEEZ

120°E

NIZHFEET AHALTT7—R,,

130°E

i

J#EFHKEL (EEZ)

-
__.-ir‘

-~ Site-198
J' . ‘|‘|

Site 801

30°N

20°N




20126828298 [ZNHK T &

= A
- 6/28 19:00~
INHK —=a21—X7]

6/29 0:00~
[NewsWeb 24]

6/29 7:00~

|'NHK a*ald:J:—)EI:I:J
VA

1

sResosel
T Vs S --Illn-

;
“BEMEORATATIELIT,



>

&R TR

—
—

6F§29E5l

2012~

—— e e e, <
MERROHY SO | SRR MHCRY || W Qo34 Bee BIT

E Am B | Mesesasns KESEvRoR by || $3555555355852 - il
§ (St e DR ,m«in EOREC0RE

s =] L] ShhegBEEe OEOOBENEEN0E & 5

i 3 mesome e RUERS pesreticinnn 5

on :l | £ _xagE.,, SDIRDNAS | e REEE 5 & et

RS STEARY | apweseauelts o fepssrssvnvaTe o5

= £ e e NS RN Yecuumpn PRBEPEALEL Eh
W2SRECRENANAAR J

HMINNARERRRARES
So89R288RERERR

= B ccvmmncns wBew RSBSOS gopli) ©
s RN § s e
mw.m‘ Hﬁ.LEZw, 2| ?c;ﬁr&%cwﬁ@ — N S EE R
o8 | R e FERRLSLRE

. KV
Xy o -
pe HE RIRA-K#RY MY ngne )SHPORE SEENKEREVIe NoRENCEND” XE (| A SRRl hearra £ 6#
RCERCEERAUSCEELESRR S-om 2e g B o e s LN
rei—vjmrassiapminndl | |2 mxRvEnr = aemwe oramy TEgsee v MRy cuztcemorsss | SATRAAATARATTA £ )
% BEmRvoRHUG0 e EaNE: BE BEREE (30-0) UE {8C0NT 25000 | JVSRERHNEUZ0 it (aR -l A TIJ >
i " - e e = - « =
m BIEKHEROSERY S~ hEPE L TR M | SEEECERXS | TUSDOSHL $E B DEERMMNISE|  (GHE BEK: 5 2 A
g SHEIEKE () PKEBSANN- 88 Fro—hEK) At OECHEEPUL AL ;Jum &.Em
£ = KEESREEEOALNOCHRS)” NRE B) —omogOnohge S5 EBUE & e S5 —
F -# ¥ SHVAOTASEEREE @) & &R Themace 580 8 umm BOECOBIE0 L w03 B4
g A M= A o : g Buen P £5 8 sncomzesme g P
= SEEWO EEEN | % - SOWEG” ENUR| BENSLSNN-NOH LR ummw.._mnn § —oRET AR GES o
H BORBomooLUES ooy, - SESUmEN ErRR-ccoii § | Hatiosx | BT wERRR B u%uwum LB . T | Vi
i » NLNEGSEECEEY | SONER-S MNHOR | HP4nnEEoMIos BRIy ~ESHISE £ £ | 8EE mmmumm 5 H meummany Ee gaf 22
7 Sl BESAOED HENOLS R—NEEEERI0 RS B BwEI - TeSEmbmAENY | iS58 23
ERECUROHNSEE | LN Av-d—oo [BEYEIY (BHSE o ] u.mvu vnvuwvv SXUORER” oo | £92 2t
e I e Bems 8 B B B ST QORNSHMKENER FLERN
SEECHITLNL L RUDOS" BRENRe -I RIBE Y g ogog g RIVINCEE & Pl ;]
—P MOWEBNANIKLY 2 ERCURHESLER =i LSHERUERD wohi g8 2 Egd . RO HIEIE
1ISEEG B e | EOIOEHERES: | 200 ISR Shh— Q eseme fSsEecEEE
| i e | KOHANSRERED i S ar
ENNCN EHEY C raenm) saun m i
Porsdrerim el RS
S amﬂ.ﬁmﬂmhwa.yu#-@?yém .mﬂ LSRR 0
UV EEHRIRE | SPANNOME IR DDLU L KEFRCHR M2EZ
f cosess rrawwi_vmwoam HOEEES—oolnT mﬁm@_ﬁﬁuaﬁ ﬁ - ER] !ﬂmﬂaﬂ T Gt meanow B mere-cect |
EZBHESS B — LI | ORI Meo—heKktLs s D08 PR—USNORL
§ BES=Eg ey SR ERSHEL fRrPES s SR % BRUSE 040 wen (EEn | BERER Y¥m oS
“ BKI2UE0R0 R OWES® SOVEOL) [ER m RRTAF2 7 .1..P.7 N
o oo % |x REZ ¥R IR W B WINEHOENY ¥
<sz=e | \ mmmbm,.ﬂumw.z;ua
sERERE E .n_ g T
2 wonar cxHuTE| (] Boo<BRcesEs maERsewoUCTER
NN=g R EIIE U &cb?ﬂ/\_.k..ﬂ._.muAﬁ%.m 35 FSBELLRUIAER || 20 EBoReiey =g
um%ﬁ o i | Sruous gEE mEnsvLe GeEEE
DiEsdg | HHESTK | BIRTE | DO HRERRMY | BEKEEEN S0 | m Om sy gDV DU ZECRDRIZE-E =
ERES - | ||S80 BAIUENES 95 AR TERBEC 8065 VRS = | SURIBROURAT  THERNED NEWEE “u
HEER m BAUSELON N bIED | BESUBIRAPAD” | SXHBIESERUE £8 MROBML® 46N BHOBEA0EORLIMS T
Ok L EOURAIRNCS | EE MRS BV | K50L FECHME £ Busr Hans aE
. SRell | [srensusuRy & AEEOLRRL B EEVIEOVEOEVE 5 & BEERGI° EMIRGER  WEMIRE—IY—DIGE 0 |
FEME R | | Ry SESHTOHD | HROC NS EREE | BP0 U EEON S 34 TSRNRRYS (FRE  POUSIemBuE’ ¥ ¥&
ERxEd OR8] | BEUERPIEHDSY 0 SEPSHEUNED LRl me EQ BEHO< B U
EEEE AREERNGEREDE | J0HC ] URY BEL | LR TERHEREY s ~d ROE SRECHUST | £EUA0 HEQRHESU
HOMESNIONY §| BHEUEROSERGE kﬁé_;éwfuknmu R g Rl e SR S A.Tﬁ.i: aogu B ||| | sscossscagoine—r-t—a_ue
25w 2 2 Y FRROHUROHER | SRSPLTEGERSY & OMN BN2uMIL G ||| a] Tooterd aREsHe mus
e £2° EUEY | EOHDICH BEE e T e F<ESEOMNSE 'BA. Wi (TDERL) ° AR 3 ﬂmﬂ@.ﬁmﬁimﬂm
HROUIEHEROR | BUSEEELNL U8 ® I_ﬁg e (2 PRECIVHLCGEEHE W IGO0 ISR B S || 3| s
SREPROURED & LOZVEOW K0 2 r Q KHHE SHEBUBRSOSA OG- BCUBEOHAR RSl « (| ]| t20om®R S LH
B om0 issazasnn | CRSERIR Az P 2N 5 LR R BeopR0sassnone F | Y aipr e s FH
Zedu " ; . 33
TOMES BEMRIY L:u»wnLdm.u.x EREEHT EHE | E0) SREKEVE | 40 LRSUSUERES 3532 2042 -mesmn- (S £8

POHERSERLS 1T | LI KIEOIEEIN | SR | 01 FEPEEUSI U0
T HEEDE -2 SXHOEES | BEE S8 TR0 90
CRREY RESECE 1 ~EICUSEY < | SEESRUNEL" K- | RERESPRE L | [REO8C | Beust

3 (N =X KKE) N

QIR LHISSRUNROMES  RCURSHRS SRS | U0 SN EEPEC )| 18 ERERSTAD0
= ¢ ENE | M EEORUONT | (M) #KESN | SRR THEPOC) OR | §O HEIEEIISE

2D | HORE 1S BHERS #edveoSlREy
0L {HRSEE | BIRER TE< R AR Afeai<
.!LKLhL. EXERE EREENA-NOMES | REENBRUSKEHS | SUEOVERR (0| HERLHMNE
WUDSMEEWELME BT T (BIDEUS | BT B85 4 | AEn< B 1 BEZHONERSSR
U TEEVEZeR | $ES) MvIREDD | CEREZRGIL” [B| BH IE 4F-HU | (EEole=-Smus | Bog>

Bl e
i i o BEd
E | B EE 5| wisoomemyuans
] =M
F = B
o) = -
a W & 2
< g 5
= b
o M 7 [ m [0 S
d 8O p| B & |®28 i g |r,4
' ENE M B : v omme— v | s 2R
[ i [ 1 3 | - * o ‘mﬂil nﬂvlﬁf RoZuouging -y BF
i E e 5 o § = Ll e -a e = | BBy BEU (18" A-oBXECE|  —
E) | = o | REER0" <ERNNOR | Cl SESRRCREUN [ EUDDENERY
% P LCHT WG | P LB Dk a
m m 2 | W i} S SHEFH (B | B LR DRAD ESOQpY SO
® 4 JIOEE! Kfﬁulﬁn & Ll EEE P Sosy| FEFESRPUE AUvUY KpEAS | g ﬁ-!m&ﬁ B oEEAEWRELY
— e T FROL BSEGED (B 2 0NN | ZUVSh- M 3
woRERRs 2vou o n-oEcEmos| 5| T e e
i NEREOUSA TR | OLRGEBENIL | vz ﬁ = () B ~oB-s=sageE oy Em RO CR
H _ BUGEORNSADNT | f-DECHSPT | = ™ ae.éwm?n S r-oBEEE
- TEESEESSETNS | CoRCcMETMISW ¥ o™ )
g SPRSEUNTOUAN | § 0 [BLER) 22| © T
H - TEHE coms-mugevie X 12} | [ EREvas
g | ouEEIEAINcLS M R el il it e
082 K 3t o RADAE Y] | e
o KOYACHE | REVEELMGAMY Q) oce mumEs (S| oy
= i i Eoheness (fBE| -
N BHOIEnE QHER e ___m ” ﬁnﬂ ,_ Wu mﬂmﬂ*ﬁ.ﬁ N
- M () or-oESRECESNATE | ‘mmU gouy £ o0cEs i g ERTOER - o ﬁ
B (OHEEECHE) © f-0EQREOECEY ER0 2d<v WUELDE = " o=y /1 N
RERORE RECHCEIMRCURURDY |§ Erze EUES DRSS Pl e : 2 smegns YAEEF R
Y MR OHEAEO<E0 ey |0 BEoeuBisE SEXEoL OPSH RhABARY | £
| LT \BR5ZCEanty SEEafal e B 2= BEE-2Laby | STER B
- - I e SEEpREMEN | . = |
AR | H DHAEKMBE cuaohEd B ROROEACH NN | R | £ coooTOd B| wserrrancy
m. 3 . weRE I ROHSENPR | Hu0E el e yEEuEoEE 5o
r-OEQEET B 3) © FROWULOES | B SRIEUY NEQW EMOL TESR B (KERISORY 20
EE (o BSHE E | Bl | —pbo=—eolm KD i o 3= vy
£0) -S| S BEN BIEC | 3¢ NUTAREDN | EDNS0S” HEGHE | TADDEERULEE | ROUVTUREGIA o = H [y e e
PESSSREINCREO R ] T2 5T (N EP =l ACSUHTER (BE) | wooli (RNLD) ¥ WEEON coccTw ¥
FEDOUA0T N | 300 Ml - HESY) | HEQQUamImRK ..m 0 ' b ﬂ
- ANEECES [SRh—rEEnas | [ NBEREQONER: | e i I $ / & TR
..ﬁursgﬂm_;w_lm cw:Mn e umiz e [l H0LC0 HERERC | LY KUY AUYES TEUAGEOL H\) & . . =
e EECHRRNED) | B gropies<hasy | nolMesr ToE | HECxEy Eny [ a2 sunng rOd P RN ¥
Z o il D JUSEH | HOTERE (=-28) "\/lA ._&v ,ﬂnﬂﬁomwkﬂn o . ST ;.1 REEUERLEN| 8! .
ASHERS - BEERESCEELS o RECER ARV | B WIOLEES L | Ho ool Sgl o BB CERNERE| B0 SENS|S1 CHoEV<Os K
Vs AR BERENCER | sres HECHENREOU | ERROUSESUL | —BE TR oS ol B BB S OEINZ09GE” 4
—SREELY Eh—SEEE 0 s | EomeoEne s e £ 0
i ), » D=L | USHERTE v =g
e B W (BRI STMUe 118w gnfw\.r Bk | oioererLane ﬁli&-_.ﬁ
HEMINR DHQmENDKELE S i %8 A —
e KOES TEwHx f/ - o= R
N S L E{ | BBBEUANN-X B e
¢ ] - s, Elwor~ = oy — WEERELITRN| wIOE
ok ERMR I AT SN \NBEE<GSEEY : Al # | e
D) s o wwemn R vz N, SR T O —" = * 2 sl
e W cos—HEH" mHS BrangaEioyf - KEGINN- BR SMUS-I0RMAD LINN-IGREEEY m R P
C LORE-RIEL” BERY E- Ahh-KSHTERTE EOOLRUNLVE E TSR Em X (EHID) SRR (1 BN TOMERE @mCbAl BRow 15 - | EHDRH
A~ OVEOSUBEVERD & (—) Re-p l&lnﬂLMébﬁ. SR ResESE ﬂ Ezu<ryr B —a-GECSREE |
Ity &  FEEREUAMIIN ZA5 L3 | ] > 2 th m, & 8
ﬂ WORE THOmEN R h—NRRVOND M ADALNEIESR m 0D B GmUY P& CUNUKETELAN GRIORESERIY P4 E n F
[ T T CL-EOS0EHOES E E# Pun | 3 A Ao HE o SO0 B L URERT g e 8
 ur BuszroE BN ERURD CHo¥E'E | NOMELEELGRL |0 CEERTNG | O[RemSEEXCEH fumaun mE By Canaienonis & i« P
LM+ comsy 0K m_m T4 (25) BHUENRE | I kokeey W | cunE-coreun g o-sEbECf sxmswmar s gy 3 e g He i
HHSON N —(RE Y 2 (20) usEpos [f1v SERDEE $SEVE0ALODCH | JRUUEE D$FQU 8 oy ww.,mmmww_. S e mR b
% Su ERsEEa——te op A stamuscioo (|soumEERERy S BRK0T Tix | oRE, (Revesd i ekt [T CHAREVETE B LCorniets I L!mﬁﬂgﬁu 25 —
HENTQLENEG—RE REaOCEEEEER | 85" SXOUBOUCH 8\RNRINSASE | ) SHENM0D ek e el p i e “["e s
% a2 m nCAERHeR” B | Eamnl ZUESRCUST | [ = =
* Shh—KSED I sen-meEaseons | vuseRuwoy & BESESUBOCUE | (ol VSR ~Tem| ¥ EETET 5 A 2sf fmg fgs far
SR BCEENce g EEscEReED N | B0 \EEESE< S YN AOSEES VEAROTRUDEe| 5 S e Hg3 memM% £
3 % SeEMASISE N UOMIRSEROANEE [l W G--enCEUE | KOKELYN\EHEE | REVSETNIYSE BESPSRIRNOEE o AR SENEL MW oB:(E3 2%
e DOIRUUA SR )| - eEEEsREEs | BEEELGANC U | USmOLEDY HEA | SD° BXuETURKE {p oo i i/ole® 8% B2 e
HuTHTLQHEEY HMAIVIAROPLG [ RROUNE MEERY | CESFPTET LN ¢ | HEEEEPORN KT - ! =53 Lo Faa] > - ] =
9 Snhropewenee W agr0 [§ e AaRE—20E | D EEESE<HKEL LA=BTED) sy S wessgonEar 2 gfifin 'zu'fa'fum m_u




|

FEEX1.2(E

120°E

90°E 150°E 180°

FEHIZAEF

150°W

O DSDP/ODP
[] Piston core

KH70-2-5-3

KH70-2-7-3

KH84-1-17A

b 199
{ . K KH73:4-5

O
O

KHBb-3-3O

—| ZREY (ppm) ‘ ..8°7@ -
N 283@ O KH68-4 20K
- N\ kH73%%
O = lgploR N KHE8-4-23X
. 83% ©

KH68-4‘-29 -2

154(1 )@j ) 3
[KHB8-4-15-3 163 [
g e 22 1.‘,18»04715532‘%353
Jf@\ 13

'570

— I~ 30°N

83

851 S
-

31

596
@ @ KHT1j/15 -2

00

East Pacific Rise

0O KH71-5-44

KH71-5-4222

R

KH68-4-31-30

30°S

EEBEEGTIL—FLEClE KB
DLT7 7 —ARNELYEE T 25 !

60°S




FABBEEZEBDLT7T7—X;

150°E

120°E

130°E

140°E

f\'IJ

/

AN

BAEBEEEZIZIEZE

-l- ‘E!!!

=l /=

ZDLT

\4H |

b

—

.....

77 ;zuﬁgiﬂ:klﬁil ?guﬁELIT;

i)

Ci

fﬁ@ﬂﬁﬁ*ﬁ(&b

¥
[l
'
.
1
1
]
g
’
’
'
(]
]

;
I
;
1
:
:
? ;
1
v“
A
;
[} ,’
“d
y
y
i
{
*
Al
1
’
4
:
"‘ 0
‘f
v
1
1
i; |
1

Site

160°E

40°

30°

20°

BEEDPSOZRE (M)

10:

20}

30+

40

50

60§

70+

804

90

100+

1104

120+

130-

| Site 198

] Site 800
] Site 801

T N T s

ZREY (ppm)

1,500
1,000
700
400
250
0

P H (20115 X2 5)



%‘
=
%

KR13-02 & 5 /& DA (AmSTEC

o e s S

-7000 -6000 -5000 -4000 -3000 -2000 -1000 0 O 100 200
Depth(m)



NHKT oA —X7 v 78K (2/27) 175 £ THBR

EEUESEEP 20:5%2A278 (ot *ROwA07) | (REEEEE =
HNHICH o FERINET | . . = :

[

BRELTT7—AAEMR
~“BthE"IZTEE I~

B igpew 11,506 (Esiezaur s oeon B efteny  Ew

NAT ORI T -2, HREE Tl L PP —AREn

DR E SRR B T L T - : —
ZOENEY =1 B EFEREL TR ggif%}% —
L PP =2
8 NHKIISEECES LT P ArEeEECSTE ek um

LafEhiir e b8 |F FFenaifiEEEs Lo, it
BoYEEOE I AEREN . BEhnS
AiEN R I T AL 77—, TEiEEMS
—— ARETY Sfzeh. $Rfc7agiLESsEL 77— H R

Y ISR R SRR A NGESET A, B
TRBINL 77— EREESAMIIERT
AREIO, BEOL TP —ABISOSeEE2 [

2. B ICED qa;i‘él R~EMIBLYMNE N

-- CAUSE W O ‘tljtr‘*&b\%’)@ic A

B | Db s
- | RBLARBENHKA Y 7 TR T | 2/ 27 7: OO P
EIL e INHK $lFE58FK]
aw 2127 19:00~

(NHKE ST - 22E) [NHK —a2—X7]



>

1=
HH-

—ZF

BATAT

l

3R 21

L

2013

5

=K1

RABsS B

U
3A218
(RIEE)
e EERENmL

e

X

o

2014

s S na o

BB K R E AN
SKEBMY—2K

~

.m-rl. N

~=Em R

v—

o

02T~
=1

SEOSHS IR coRmiR

i t
=
£ = i i
i neE £ cmEEr S NRDS o E
2 22w 2 T ——
o fo - 2 SERLRSOERIY |
i glg 8 v = TEEBELE (%
Ly B = = W sl s
g s 0 = £ = 4
™ oE £ ~ e &)
i} [ m
i S= 4
: 5 X8 Ec
A 55 ]
g i
a ‘2 b=
o L F4
@ = [

&
=

e el

ELRESIT
+544

#
g

| EZR O URERN

4 4
| REREQVEN o

ELet = ®
48!

SHME [

wrogn B2 Q H OE N B4

RESHEECTNAE

OTUSLBNERE doSEEE UEEE

SUREE B2

®m 4 o

D a0 (EZRESSESN
zos H meviens

AN — 2% (WD,

KON

BIRT R R NOOIRE W
RAUKHETRILR W REIVIINS
W SR EORE S RN

e

L

£ d(Q

&

e, 2 rvIa

TINAR R R

0 ‘ s

il K- KINH RVTEL |
= mszann

K [FE- ] [REATH RIS B 2 8L L
P K < L L o2 aF

| & (0] B2GRKA IS in = = 0

ERUIROI T S

PR CRE
S g

© pRsaEHR e
3 U T
S sy
SRS

SE

et

60k a0
T TR

pr e

i
Peg
M
—-ir  +
@:3;1:
W 55l
X o 03 B
1 N3 O 537
U n =i IR
uz L O 5; i
2 2ffs2ie
™ 2
S HHH

R0 AN -X

+EE--BIKO =L

201201171 HlE )

Sl St g

CLry

B EEUBERE

cpEEE Cdr e ) EETECREST HES-EeEERT SERCER oL
SERBN R Do | Shne SEcENes {SREBUSEEDR

DA R AR R BEAD 5
£u x ﬂwm.nmwowwrm\;mmﬁﬁwﬂ, SEEHEIS0VLE WARE | SENTESD X7

A (R ERNSUI0NIGNS UL PESARAK | ANh—KRE BKE
ERPENSCEROSE BRETO0 NER) BEMIREOREHCE

| ERESoLST HEY VLI £E SEERD BEREEEECROCY

ASOES MBS SN — K EMI Y S LA

REkEy BRENESER BECHOREL

fr

ST () waw.yomiuri.cojp

J]
=
pe i
2
)

LGRHABREED

SRR FEAEEE
s rSEEcEhy
B S D 0T ROSRTE
et T e e

oL BEEED

' SIS

SEERSmS
O - BERCS

REGHDLTNON

| [E23055k |

z
= e b
g S iy e R e
e E D R R E SR L ,mf,,_uﬂbrmww,mmn .%ﬂrwz 1,a~\nn&w,whcp
w (4 = |EWROPDIMINS | R ¥BwoookB 1P EOIREXENRLS
] F| shromEy oon cssEREsEEe) || ey EEFC NRE | CRENBESNSECE 0pias
s gl e B REAL Eeees- b
i L2 m IS OSRRR D | coookoREeREL BEUNNAESALLY
= DGR RN T PESERLS L a NSRRI
= ’ QS SeE eI AT EEERERON RO n—n/ =~ IWAE -mlmﬁ-m = =
HAHS LER o
BRIV REDLL | P neocETHOE S L) . Y
p o= SORNKEHEIS sEEK HLEO RRENe R
BEh—JE—TR" RRRORLAIS o
=~ prEEcHERaG (& w [>D2=3T8N] B|UERIUNDNEYT— Mp-muormeEy g B
e 5851 P EEESEE| Row REEZe- | Shh-xd gEEc|Rc4EeRhLES £ BHUoRBErEROHE | B
g ALn—R-g o QEEE PSS | |E BN P
ks OKEMORE ST RED IRLD=NE TH RUSCHEDREE .ML Y A2
2 St BIVEERLEIL £ z ﬁm
/ DROSNH Laggow gEEEL  2ason wpum (5B s
B Setm i 4 081 0 (Chiecn) |90 SEEDSHLC PUEENHERESTS |7 =1
1.5 BE N e = ¢
»g = (] F e
L= = = = 2 = g ELE
=e AN FROSHS fhoo R ITEYHR ~nEen = d5ae
v £ = Beitg
SEZNEC (8 EENESIEROLN 827 ~ATREVELY| DSEHE BRI 25 o LE
_l_ CSEERE G F HedEt i 5 o FHEDEE (ot g Eins
I NNoE2F A | ERSOE <R IMS | VRS 0SREEE | BT INSTERL 0 EoET
3 _= 5 ﬁ ? LIRS ST | T - nue Be S8
I B, e : L SEY (EUETEeees 49
f LEExmt) SEAREXNOShES HTSHN) P ~IGE mem BED ER BE <-sos (han)
i LR¥ms KERCRUAITAED FEUOVTRKUIOL | NE SREYesse  HHMEREET!SEY
Ixg m g5 LG EELY HSTRED | Ho— - oRENT U <HH—EYH  BSMIIRES (9208
SmE % = E ¢ EeloBoEs £ BEUHE2. —iE8 ESUURES B DEN0° BOESRED
=m 22| = E G ‘ EeT-SE=De=aD sl ZHFYLhqdy 7 ERD  LESCHEEENNEN0 )
I =ELNg i LKUENANST L T A 0SBl KSR
! yummnm n LEa—ros—BISH SRR XTRR S euBas BOARNY LT EESRE
2 ’ AN ¥ERweo EUBNEEIISNER  §EEY EYETH. HAERESEC SRR
ﬂ!’ n_l SRCREUBINIL K (S20) MUBECE - oS oRem—g LENTILI  (SEEM en
RN N HADASRERDETE <ERBo CEEDEERSH BHUR0LLSTORL

EAEDT ~RTHRDLE
RO TR
) BT REITIS
B4 NONTDERSS

PAESLST VRNEE
FEOPILEOL <R
HRBVTELE N

F<ETEFEDH- -

7

(8) SEEx DR EEH

bel
LDCHNES [ <

FEAUOEIDNERED D IEERERERENAT

DEWPSROHRURED | UEECRE o ol | EROLHEHIVOL B Vet EEQTES B
¢ Hag&una Pk QumecBIUSD = | ERCIIR PDIEER 995 —RHEE v)
Sy ¥nhoonEl oty g = mﬁuwwpm,@.!xmm SEEIECEIIL"
SE2d —eimagen O § B e
SEWET —Io-mMER  hwunes g 2 HmeEUen L
gESL Sunr nEn= B = @ |~ Tancengoun
ONB&T <EATURUKES TERODNEAUPE | & E Lo of¥gernmBTY
EIRE  rroZEECEOSNX MEROLACI RNS ¢ mT
mp.maf o BOob ALl =0 S B<EEECNIE LY S
SUSEN  yanawr ¥oak— K EERUHIRHOML Sze SEgTLC L
BEL2 G na
BRESS MmO AAVE ©° HAMATSEOUE 5 m m m m SRR RECSEE
I HD RN SRR U (o BT 8

S
D

o irlf

i

TEWHEICERD
\ &5y
¥ 4185
peei s

|2 IR

o

i

2t

EERL T,
1

Bas*

{0 AR M)

HEIREE

SoTiEEoxa
%= b
RS
- Leruscmhirn
R EELEBn
SETnna%ERS
§Brasmsftm
8P sndxy
Af¥poealEs
#S8cwhrcm
ESNERE
Fo e v E
HoHE R

BLELE

i

o R

s KEEEE
h%
THRUEEAD?

s

Lo

s

SHE- T

MECHATE

-
]

X
i
-
&
X
o
=
&
el
3

E
Q
o




~ 4

BN DATAT7 THHRUIHE

The Telegraph TG =

Thursaay 28 March 2013

HOME NEWS WORLD SpoRT FINANCE cOoMMENT ELOGS CULTURE TRAVEL LIFE FASHION TECH

Dating Offers Jobs

Markets = Festiv Business Club ~ Money Deals

Alistair Osborne

Companies Personal Finance Economics

Ambrose Evans-Pritchard = Jeremy Warner Roger Bootle | Kamal Ahmed | James Quinn | Ian Cowie

HOME » FINANCE » COMMENT » AMEROSE EVANS-PRITCHARD
Japan breaks China's stranglehold on rare metals with
sea-mud bonanza

Japanese scientists have found vast reserves of rare earth metals on the Pacific seabed
that can be mined cheaply, a discovery that may break the Chinese monopoly ona
crucial raw material needed in hi-tech industries and advanced weapons svstems

Forbes

Tim Worstafl. Contributbo:
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Japan's New Rare Earth
Discovery: That's China's
Monopoly Entirely Blown

Japan has just announced another vast discovery of rare earth bearing
materials on the ocean floor. This does rather put an end to any possibility of
China having a long term lock on the supply of these vital elements.

L% Japan is celebrating the find of an “astroncmically” high level of race garth deposits at the
bottom of the Pacific Ocean, a discovery which will farther nndermine China's failing
attempts to control the global supply of the substances.

Japan finds rich rare earth deposits on seabed

m Bv AFP | AFP—Thu, Mar 21, 20

TOKYQO — Japan has found a large deposit of rare earth minerals in its Pacific seabed, enough
to supply its hi-tech industries for more than 200 years, a scientist said Friday.

Around 6.8 million tonnes of the valuable minerals, used in electric cars, iPods and lasers, are
sitting under the seabed near a far eastern Japanese island, Tokyo University professor Yasuhiro
Kato told AFP.

He said mud samples taken from an area near Minamitorishima island, some 2,000 kilometres
(1.250 miles) southeast of Tokyo, indicated deposits amounted to around 220 times the average
annual amount used by industry in Japan.

The seabed contained a substantial amount of dysprosium -- a rare earth mineral used in the
engines for hybrid cars, he said.

"Specifically on dysprosium, | estimate at least 400 years worth of Japan's current consumption is

theguardian
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Giant squid fiimed in
natural haoitat for the first
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Tokyo stabbing spree
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| 3 00:14

Scientists in Japan nhave found a depost of highly coneentrated rare earth minerals. cruciai for the
manufacturng of electronics. The mineral geposits, found back in January, are around three
metres below the seabed, about 5,800 metres below the ocean's surface Yasuhiro Kato, from
Tokyo University, says the find could 'supply Japan with 50% annual needs

Tokyo's fugitive penguin
filmed frolicking In the bay
17 May 2012

g
Source: Reuters. Length; 55 sec. Friday 22 March 2013 < %o * >
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