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Study on concentration mechanism and resource potential of heavy
rare earth elements and indium
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e S OMETE (9230) : The worldwide field surveys on heavy rare earth and indium deposits
led to the discovery of the weathered crust enriched in heavy rare earths in Vietnam,
Thailand, etc., and indium resource estimation in Japan, China, Vietnam, Peru and Bolivia.
These results indicate that significant heavy rare earth and indium potential present
in the countries outside China. The study also shows the conditions that form these ore
mineralization.

SRR ERA
(BN - 1)
RS [ e 2 o &t

2007 4R 10, 600, 000 3, 180, 000 13, 780, 000
2008 4R 8, 700, 000 2,610, 000 11, 310, 000
2009 4EHE 7, 400, 000 2, 220, 000 9, 620, 000
2010 4R 3,000, 000 900, 000 3, 900, 000
# 29, 700, 000 8, 910, 000 38, 610, 000

WHIE5T 8 - BB B A
PR D53 F - #E o5 - S - SRR

F—U—F:EHMGIH, A PvL, B, REKS

1. WFIERAE SO 5
HARDSEIFEFEDFE L L TRAIRZR L
TAZNVOTEITFELAHEML TV, BEZ
IFT R TCOEBICEOMBEN LHLTWD.
AL TR BT 2EA THLE (AT R
VILRLTNVE T L), T Yy RED
E— & — I &S D A HHERCA ORI
LLTHOWHNTWD. A 20 AR E
HOBHEMIZH NSO TEY, HARTHA
BIRDE) 60%DA T L EMEE L TND.
INSDOTHRITANATY v RESOHAMT L
oW K E LI, SBFETETHRENER

TEHZLNHEFETHY, 2001 FLURE, 1
7 LOARIIA 8 1%, BEALFHOT AT m Y
T AIR O FIC B R o TND. SBOERE T
HOA VU LDBFEOM P EBEST D &,
INHDORFEEMET HDOIIE, FEOA
T, 2R TCINEDORICEDIKE
BT AI2MNENDH L. WITNOLHEL HAN
HRAEEROL ZHE L TRV, Bk
D728 OGP EFGCHLR D ZRA - B EF
PR T D D1E, HARDIEIREEMER D=0
WA R RIPHFFERRECTH D, EIRIHEE &
LTOEETHD.



A DI O Fa (TR R & /4 4R
PEE) X, A TIEITHEN 883 F, A VU A
MNeELBBLOLNTWD., ZOREL VI
koL, HEHEIBEEIHEET LN, LM
BR2SRoF cEALHO S5O 28513
PTNAB%THY, FDIFEALETRTHAFE
FEEOIER A B LR D AEE SN TS,
FE 3 A7 A A R L O, A E O/
HPREERBEDTOIZ, TA NNV THDHA
OHAEZHIB L TWD. —F, BIEOEN
BBA TN, WA ORIEDE L
THEIRENTWBEN, [P 7 LOEHER
TEIT> TV WL £ <, RO
EEOFIZIE, A vryubaeel, F3F
LA EEFEL TV WERZL.

FLTZ B ORITE 7 — 1%, BIROZLERERE
WCET AL, BEATHEBIO, YT L
DYRERERE BT 2 TEMISE & i L T
7o, TORE, ERTEOMEIREE LT,
1t e O JB b3 A7 LN RE T D B %
BAGLR E BOKEE 22 w7 v VA
N LEETHDL LWV fEwmais-. B b
BRGLR OTERCIE, 1) By TS Tt
HOFE, BLO2) MEERIbIC X 54 158
DOBHE) « BULBE~DOIRMEN LI L 0D . AR
OIEFEEOMIEN D, - HcEA L
B EREL, Moot TZF H
VBRI RATE R A R TER ISR S D Z &
AVHEEI LTS, JBYEFR DR TERR AL & A
T CHRREEOHRGT N DIE, ~aA A b
DL 5 JEf L% TlEAs BT ED 2~5 %
DEFENRAELDZEERLTWNS. —FH, —
ER OO T VA U I e B o A HE A
EHINDN, FRCEEE S TIIme CTRE
DEWZ ERHAL TV 5.

A VT BITOWTIE, BNEL L O TSN
HDWGEIN D, A 2P0 MRAERIZIE, 1)
AT LEEET AL A L EICIE
B S DI DMENBKRICEEND Z
L, 2 A VT AR IS 58T
FHNEHREINDZ ENNETH D HVHA
L.

EAEHTRELA YU AL KLNZE
RS D BB A (R EREE R A1 AE i
EVIIERIT, @7 LA Y ERET (F
A SRR TERE IS D . E DRSS
L LT, TEHERD T VT KE~n Z
5 DOILHEDIFENE L TN D,

2. WrstoHBY
A7y FTIE, FERORERESY &
DICEESYE, ERFTHEBLIRM YT LD
EERROMIEEL, LD THEDOEFRART
VU X VA A WA TN L, A DOFLRIR
- RICET IR RER E, BRO%R
EMAE OO DT RORE 2 B+ L R
(2, EATHETRCA VT AICE T eE T

BN T U7 KEEom ko WNEREIZ
e SN T= D2 O RLIRARE 2 H 59,

AWFge7n Y =7 O BEEE, LTFO®ED .
DEFIEBIOAS PO LICELT, T
DIELEBFRE DM Z1T 5 .

D HERMNBETCOINLDITHEDEFERT
UV Vi E T 5.

3) T B OHLR & MR AR R A, 18
T EOKREOWRIZHEKSE, b0
RN R ENDT 7 b=y T 4
T EFRIT 5.

INHOFRERIE, 5B%OINDOEIROB
- BREFOBRILIESIE L TUEHSND & &
HiZ, EIFREFMEERIY, EROLEMSE O
TeDDOIEBEERE 72D,

3. WD Ik

EAHEICE LI, fERE o R RE
LR BT B U BIRIZ OV T IR DR
HEIRFEOWFIEEAT O . EULFE R ASLR (X HAE
HEREEMIR TOABIT SN TWD R, T4
MFREERICL D &, YA ICbEATEICE
Tefb e & RS FAET 5. HEr Hid & [
FROME « [MESMCTh D HE T 27 Mk %
ARk & LT, fERE O - A AR
WFge & JBYLFR DOFY) « HIER(LAIRFZE 24T\,
AT DL E ORESE, BEREROMY L,
B 5% B SR DILR T T T VAR T
% & & HITETTRIE RS O TR, AT
1, HERILSERIRGET 21TV, EORRIN %2 5
NZT 5.

4 EORESNT-7 Y7 NHIRITIE, £
T DKE 2 7RGER 2 A 7 HRIR « S8 % 3
BT 52 LIXRAEET, MABROMERIED
nN5E912, THETOMERELBE X,
e %t G Mo R RILKFEZ LL F D L 9 i
KD . WD 3FEEWN TOREHMIH T,
AT U TEA - 859 - L5200 b &2 EN C i
L, BB i T E IR R m e 8 R Bk IR & 7 v
DIEEE L BRI R - ROERIZED 5.

EATHEICERET VA Y BT HOWTIT,
BFREORTIIEETHIITHLb LT,
WEICEHE S BT, ZDOFENRTY
ThRRE—V X =T, AT THREINLTW
50, FELWFRIX T Ty, Fok
D RGN TTREE DIERIE DR S I, £ 2T
FHHENBREL, TANBKEZEIZLY ED
X O ICHBE) - BE LR, EaE,
WEEAEWCL AW E S EICHLNCT
5. ZOFRIKOBE L AT LT, Bk
SBOK LB A S DAL BT & JREITAT VD,
FNFNDOEIRRT v v )LD AN % [
W4T 9.

ATy MIBELTIE, AARTELNZL
BRSAESRHL R IR E T VA P T DA
ERA VU LADRT Y LV EROET
L CE 20 FREET 5. BTG MIR,



M OBFENRT v v L EFRD, &k
B 233 AR 9 B P E A~ o IV & ok
(A—, TILESF o)LL, 2 DHE
TA VU LERRHIZ TV, RO Y
U LR A NET D.

BARBO 7 BFZE 7 vE1%, 1) B Hb BT B R 8
- REHRILE 2) HARENTOSY « A4 -
LA DL ST D 2 DI KA & D, &Hl
HWCTBERLZREHIHATENLENL DO
OB EFIC R L, BN & I
5. BONI ORI, BEIET S HA
TOMEI T HLAEDLERFETHEL, ThbE
HEIWZT I h=J A AXx T z=—0fH
CIRIRGIRART v v VA AT 9.

4. WFIERRE

RWFFNT LD EHERAFF RIT LT &
BoizEEodons.

B A% B A o F Ay RESIRIC OV T, B
fEHRCME—7 LA AE L TV DR EM
5 38 D G5 R D FIE IR BRSO RSO A O PE
w, mEEMMIEEZRE L. TOEA 4
VWGESLOREE & e DAERAIIX, A TS
HIZED LD L EALEICED D ONIRE
LT, FHENALE 0. 1% & 2372 0 K
W ERHALMNI R 5T, EERET O
THEEAEDIIET T VA TR ZRW
WA U REBESY TH D Z EHA L.
D& RIEREEIT PR EE O Z T
T h=mv vy T 4T O ETEMREN
Tl ENBEINT. A OA A W
O FFEE TS <, A HEOHh M5 T
HETHDZ &b A EMh R S 8
L7z, ZNHDFERN S A 4 R FERIGLE D
FRIRNZIE, 1) Ay 58 CRrlc Ay 1) ICE e dE
e DIFAE, 2) 16 e o JaL & (e 3 2 1
R, 3) BEVE A T RASEY) O o3 R A 3Bk
EEERNLESZMLETH D Z LR fEwRSh
7. ZORRREES EICTEERE FREOT 2
h=w By T A TICHDIEET VT (X
Ko, 24, ~L—7, A, LK
KT Mk oo LRI ) 7 MR R A A SN L,
AR A TIEIM A B A S R LT

TV VBT D B IR L, =T
&, BF&, M7 7Y hERE, I T
A2 I L=, HEORE, ~ 7~k
IR & BOKMEDILRIZK Sy S D Z & 53 3
L, ~7~MOgETIE, @7 vh U g0tk
EEICEA TEEERYDNRET LI LD L,
S REE R ERIC L0 e R W E A HFEIE Y
DIBESTDH2O00F A THRELETDH LN
oMM oTz., WIS AIITEIRIC X
0 872 %08, No-Ta L)< Zr S REFET D
ZEMNHH L. INHOgEM LI NE
TIEEAEHmEENEESN TRz
23, fhHRBR O R TEA RIS 2 &
ARETHDH T EAHH LT

AT EDRT T VITONWTIE, H
K, XEFL, RVET, TAECFY, B
27, AbRk, ' VO - 8 - HENLR
PHRAEL, BAR, XBMFLA, BKROILKRIZR
WCRT xR HLTERHBH L. i
O OFRIE, BEICAIEREICEEL TRV,
SIAL I IR S HERESE DN o5 2 &2
HHEA LTV 5.

5. FreRERLE
(BFgEfFeE . WFFE o3 K ONEEEAF TR 1
=)

Uessamse) (Bl 128 1)

(MSanematsu, K. and Ishihara, S., “Ar/*Ar
ages of the Da Lien granite related to
the Nui Phao W mineralization in
northern Vietnam, Resource Geology, %t
oA, 61%, 2011, FIRIH

@ Sanematsu, K., Moriyama, T., Sotouky,
L., Watanabe, Y., Mobility of rare earth
elements in basalt—derived laterite at
the Bolaven Plateau, Southern Laos,
Resource Geology, #mtiH, 61 %, 2011,
140-158

® Ishihara, S., Murakami, H., Marquez-

Zavalia, M. F., Inferred indium
resources of the Bolivian
tin—polymetallic deposits, Resource

Geology, wmifT, 614, 2011, 174-191

@ Moriyama, T., Miyawaki, R., Yokoyama,
K., Matsubara, S., Hirano, H., Murakami,
H. and Watanabe, Y., Wakefieldite—(Nd),
a new neodymium vanadate mineral in the
Arase stratiform ferromanganese deposit,
Kochi  Prefecture, Japan, Resource
Geology, #wmifT, 61 %, 2011, 101-110

® Sanematsu, K., Murakami, H.,
Duangsurigna, S., Vilayhack, S., Duncan,
R. A. and Watanabe, Y., “°Ar/*Ar ages of
granitoids from the Truong Son fold belt
and Kontum massif in Laos, Journal of
Mineralogical and Petrological Sciences,
106 &, #AFHifr, 2011, 13-25

® Ishihara, S., Tuan Anh Tran, Watanabe,
Y. and Trong-Hoa Tran, Chemical
characteristics of lead-zinc ores from
North Vietnam, with a special attention
to the In contents, Bulletin of the
Geological Survey of Japan, #Fef, 61
%, 2010, 307-327

(@ Aboelkhair, H., Ninomiya, Y., Watanabe,
Y. and Sato, 1., Processing and
interpretation of ASTER TIR data for
mapping of rare—metal—enriched albite
granitoids in the Central Eastern Desert




of Egypt, Journal of African Earth
Sciences, ##iA, 58, 2010, 141-151
Hoshino, M,, Kimata, M., Shimizu, M.,
Nishida, N., Akasaka, T., Crystal
chemistry of zircon from granitic rocks,
Japan: genetic implications of HREE, U
and Th enrichment, Neues Jahrbuch Fur
Mineralogie— Abhandlungen, ZrFef, 187
%, 2010, 167-188
® Hoshino, M., Kimata, M., Shimizu, M.,
Nishida, N., Chesner, C. A., Akasaka, T.,
Crystal chemistry of volcanic allanites
indicative of naturally induced
oxidation—dehydrogenation, Mineralogy
and Petrology, #atA, 99 &, 2010,
133-141
Hoshino, M., Kimata, M., Nishida, N.,
Shimizu, M., Dissakisite—(Ce) chemical
composition: some implications for its
origins, Physics and Chemistry of
Minerals, #HifT, 37 %, 2010, 255-263
@Az — - FHAE - B)I K- BEABT -
ANNZRIE, BAEH G ACE O & @ SRR 2 B
T HEA VT LN DTS, B
B, &miiA. 60%, 2010, 153-164
@iWEsE— - HHEE, FJAbF LR o)
PIRIZFERET D LT A X VO AREHE, B
JRHVE . &HiA. 60 &, 2010, 143-152
BN = LT AIATHR L (DAL
JH, ERHE | AR, 60 %, 2010, 103-122
Imai, A., Ikuno, T., Sanematsu,K.,
Sueoka, T., Ishida, S., Watanabe, K.,
Sitha, K., Setijadji, L. D. and
Boosayasak, J., Rare Earth Elements in
Weathered Crusts of Granitic Rocks in

Southeast Asian Tin Belt (Northern
Thailand, Southern Thailand
(Ranong-Takua Pa-Phuket) and Bangka

Island, Indonesia, Proceedings of the
2nd Regional Conference
Interdisciplinary Research on Natural
Resources and Materials Engineering, Z&
Wi, 2009, 45-52

@ Sanematsu, K., Murakami, H., Watanabe,
Y., Sixomxuen Duangsurigna and
Siphandone Vilayhack, Bulletin of the
Geological Survey of Japan, %@t A,
2009, 527-558

O R 5= - A LIEEE, HEROA VT LE
TROHME RIS B, R RIBILR O LIz D
W, ETRHUE ., AR, 58 &, 2008,
139-150

@D Ishihara, S., Hua, R., Hoshino, M.,
Murakami, H., REE abundance and REE
minerals 1in granitic rocks in the
Nanling range, Jiangxi  province,
southern China, and generation of the

REE-rich weathered crust deposit,
Resource Geology, #aif, 58 &, 2008,
355-372

@A % = - HAMES, Vo Tien Dung, X kK
FT AL OFEERILR DA T T A EH &
— TEIA U AP | 58 A, 2008,

23-28
9Moriyama, T. Panigrahi, M.K., Pandit, D.,
Watanabe, Y., Rare earth element

enrichment in Late Archean manganese
deposits from the Iron Ore Group, east
India, Resource Geology, #r#if, 58 &,
2008, 402-413

Murakami, H., Ishihara, S., REE
mineralization of weathered crust and
clay sediment on granitic rocks in the
Sanyo belt, SW Japan and the southern
Jiangxi province, China, Resource
Geology, #wmifT, 58 %, 2008, 373-401
PaFk) G144 4)

(D Watanabe, Y., Japan's search for
alternative rare earths supplies, 6th
International Rare Earths Conference,
2010 4E 11 A 11 H, F#(hE)

@Mentani, T., Ohmura, T., Watanabe, Y.,
Urabe, T., So—called “ion-adsorption
type” REE Deposits Found in weathered
Crust of ilmenite-series granite in
northern Vietnam, 2010 GSA Annual
Meeting, 2010 4- 11 A 1 H, 7 v /3— (K
ES))

® Kon, Y., Murakami, H., Hirata, T.,
Takagi, T., Watanabe, Y., Rapid
quantitative analyses of REE and trace
elements in 1:10 XRF Glassbead using
LA-ICPMS, 2010 GSA Annual Meeting, 2010
FILA LA, Ty — CKkE)

@ Sanematsu ,K., Kon, Y., Hirano, H.,
Watanabe, Y., Mineralogy and
geochemistry of the Mushgai Khudag REE
deposit, Mongolia, 2010 GSA Annual
Meeting, 2010 4- 11 A 1 H, 7 v /3— (K
ES))

®Watanabe, Y. and Hitzman, M., Critical
metals for the new energy future, 2010
GSA Annual Meeting, 20104E 11 A 1 H, T
vo3— (CKE)

®Murakami, H. and Ishihara, S., Indium
resources and metallogeny in Japan,
China and Bolivia, 2010 GSA Annual
Meeting, 2010 4- 11 A 1 H, 7 /3— (K
ES))

(MHoshino, M., Watanabe, Y., Murakami, H.
and Kon, Y., Formation process of zircon
associated with REE fluorocarbonate and




niobium minerals at the Nechalacho REE
deposit in the Thor Lake syenite, Canada,
2010 GSA Annual Meeting, 2010411 H 1
H, 73— CKkH)

(®Watanabe, Y., A Japanese perspective for
the stable supply of rare earths, Minor
Metals & Rare Earths 2010, 2010 4F 10 H
19 H, 7EA (FE)

OEY EfR7., O =, HE EE T
LA 7 Nechalacho REE #LFRIZEIT 5 REE
7 ARSI & Nb Sk D YL a
v ORRGERE, B ARIE TS, 2010 49
H 25 B, BRKXT (BRR)

(0OWatanabe, Y., Rare earth usage in Japan:
Future requirements, sourcing
challenges and the Japanese perspective,
21st Workshop on Rare-Earth Permanent
Magnets and their Applications, 2010 &£
8H30H, 7Ly K(ArX=7)

(DHoshino, M., Kimata, M., Shimizu, M.,

Nishida, N., Akasaka, T., Crystal
chemistry of  volcanic allanites
indicative of naturally induced

oxidation—dehydrogenation, 20th
General Meeting of the International
Mineralogical Association, 2010 4 8 H
25 H, Budapest (Hungary)

@Shimizu, M., Cook, N. J., Shimizu, M. and
Sundblad, K. L., Indium Mineralization
in Magmatic-Hydrothermal System, 20th
General Meeting of the International
Mineralogical Association, 2010 4 8 H
23 H, Budapest (Hungary)

Hoshino, M., Kimata, M., Shimizu, M.,
Nishida, N., Akasaka, T., Crystal
chemistry of zircon from granitic rocks,
Japan: genetic implications of HREE, U
and Th enrichment, 20th General Meeting
of the International Mineralogical
Association, 2010 2 8 H 22-24 H,
Budapest (Hungary)

Tkuno, T., Imai, A., Yonezu, K.,
Sanematsu, K., Setijadji, L., Sitha, K.,
Dimara, A., Pistha—-Arnord, V.,
Nakapadungrat, S., REE sequential
extraction and geochemical behavior in
hydrothermally—altered and weathered
granitic rocks in southern Thailand and

Bangka island (Indonesia), &R s
4, 2010456 A 25 H,  HEIKE (K

JHR)
®Mentani, T., Watanabe, Y., Urabe, T.,
Enrichment and modes of occurrence of

rare earth elements 1in weathered
granites in northern Vietnam, &JRHIE
42 20104E6 H 24 H,  HEKRYE (H
HAR)

G2 EfRT, Fin i, #i0 &, HA
THETEREEH LU ar O FE
MR, HARA H3E2 2010 425 7 28 H,
AL E B s S (k@ i R

OfF b JEEE, Rt a T Ak =, B B
. AR ZE= M - ) — T U AR TR
PRPESL AT & BEPK A O REE #pk, B AHERES
BRSEA RS, 2010485 7 23 H, #E
arRyva kb F— (THER)

®Watanabe, Y., High—tech metals and the
needs of society, 7th Fennoscandian
Exploration and Mining, 2009 ££ 12 H 3
H, anx=xI (747 )

9Watanabe, Y., Rare earth elements: a new
scope of mining for saving energy and
environment, The 33rd International
Geological Congress, 200848 H 12 H,
FAxue (g o—)

QD =, FHTFEIROBUR & EA LEUC
OB MGIROPRER, BARA LTS
55 25 [alfy TEERTRR S, 2008 4E5 A 29 H,
20— 78— Ufifd (RO)

(KE) Gti124h)

O & fll, ==2—F 7 LVA LT A
HLLT T —A, 2011, 144

@0 s, il RS HEHERE. VT
A DN TH A & B SH, 2008, 21-26

Q¥ = i, At T 4—
A Fi LFEROM BTN K7 > 72008,
591-611

@) & - spih ® - B RiERE, fil, T2
FWES, LT AH L, 2007, 50-90

6. WFIEHER

(1) WFgefRs

%30 EE (WATANABE YASUSHI)
MSEATEOE N PEEH AR A WFTERT - HiE S
TREREEAFZEE Y - TR R
W78 %5 : 90358383

(2) g sy

b ¥5HE (MURAKAMI HIROYASU)
MSIATEOE N PE R A IFFERT - HiE S
TREREEAFZEE Y - TR
W78 %5 - 40371083

¥ARE Ky (MATUEDA HIROHARU)
ALHEE K - AT - 2%
WoEE %5 20108921

ZHH  #37% (YOSHIDA TAKEYOSHI)
WALRE: - BEEIFER - R
W98 %5 : 80004505

JKH ik (MIZUTA TOSHIO)
KT« g - 2%
98 % 5 80094051

Al K= (ISHIYAMA DAIZO)



PR RS « TR - #d%

WFoeE %5 - 30193361

/K IEHA (SHIMIZU MASAAKI)

IR - IR EE T - Bz

oeE &R 50162714

AFFEti— (KIMURA JYUNICHI)
MNTATBOE NHFEERT T2 BR S HEAE « HUERPNTE
EEpfsee o 4 — - I/ nN—71 — &% —
& 3024170

e /A—HE (WATANABE KOICHIRO)
JUNREE « THMFTER - 2%

a5 - 10182916

A 5% (IMAI AKIRA)
KT « g - 2%
a5 90223304

32 f5ER (URABE TETSURO)
HRORY: « BRI SER) - B

9% 5 : 50107687

FERE [EE: (SHIKAZONO NAOTATSU)

BRI RS « PR SRHD - %

WF9EE %5 - 10011751

A F—HE (HAYASHI KENICHIRO)

B KT « KL - EmBRBER AR -
iz

MoeE %5 40124614

FAy flsE (SANEMATSU KENZO)
MNTATBOE NFEEBATRAIIIET - HfE &
TRERBEWFIEEY - WF9E B

M85 40462840

B8 E{£+ (HOSHINO MIHOKO)
MNTATBOE NFEEFTR AT - HhfE &
TRERBEWFIEE Y - WF9E B

W78 %5 : 10549885




