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REE geochemistry of weathered soil within Miocene granitoids in the
Ashizuri-misaki area, SW Japan: possiblity as REE resources

Hiroyasu Murakami® and Shunso ISHIHARA""

U Institute for Geo-resources and Environment, Geological Survey of Japan,
AIST, AIST Central 7, 1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan
UH Special Councillor, AIST, AIST Central 7,
1-1-1 Higashi, Tsukuba, Ibaraki 305-8567, Japan

Rare earth element (REE) contents and mineral assemblages of weathered granitic soil
(crust) in the Ashizuri-misaki area, have been investigated in order to evaluate potential REE
resources. The weathered soil with maximum thickness of about 5 meters formed at the surface
of the Middle Miocene granitic rocks which consist mainly of quartz syenite and alkaline and
fluorine-rich granite with high content of light REE such as La and Ce. In the weathered soil,
chlorite, gibbsite, and kaolinite are pronounced when compared with the underlying granitic
rocks, which mainly resulted from the decomposition of biotite and plagioclase during a weath-
ering process. Almost all the quartz and K-feldspars in granitic rocks are, however, preserved
during a weathering. The weathered soil in the Ashizuri-misaki area records the average -
REEO Y value of 342 ppm with maximum contents of Z REEO Y 701 ppm. The REE contents,
especially light REE with exception of Ce and Eu, of the weathered soils are slightly depleted
than those of the underlying granitic rocks. The depletion is considered to be caused by a leach-
ing of LREE from LREE-bearing minerals such as chevkinite and fluocerite. The REE contents
within the weathered soils reflect mainly residual REE-bearing minerals such as zircon and Nb-
bearing multiple oxides which are originated in the granitic rocks. Enrichment of REE which is
equivalent to the ion-adsorption style REE deposits in southern China is not expected to occur
in the weathered soil within the granitic rocks in the Ashizuri-misaki area.

Key words: REE, soil, weathered crust, A-type granitoid, Ashizuri-misaki, ion-adsorption style
REE deposit, mineral resources.

ogooogao

O

gogoboobobobbooooooooboboood
gon

oo+ ooobooboboodasa ooobo
"t 000000oooooooooooooon
goo+4in oooobobooda+a oooo

coobOooooocooooocOoOooboOoooon
cooboocooboooooooooOobocOoOoboOon
cooboocooboooooooooOobocOoOoboOon
cooboocooboooooooooOobocOoOoboOon
coooboooooMmmOooooooon



148 g 0 o ooo o o o

oo0oomuiooooooooooooooog
OO00Roskill, 20040 0000000OO00OOCOO
Oo0o0ooooooooooooooomoooog
Dm0 0000 0Moomoooooooon
00 US Department of the Interior & USGS, 200411
MNooDoooDoooooDmooooooog
0MmOooo0oooooooDoooDoooooooo
000 ooooooooooooommooog
OoooDoooooooooDoooooooon
1
oooooooooooooooooooooog
Ooooooooooooooooooooooon
0o0o00oooooooDoOoO0o0ooooodr,
Kanazawa and Kamitani, 20060 000 O00O00O0O
Ooooooooooooooooooooooon
Oo0oooooooooooooooooomon
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
00000000000 00WuU et al, 19900 00
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
0000000000000 D0 Spooner, 200511
oooooooooooooooooooooog
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
00000000000 Middelburg, et al., 198811
Ooo0oooooooooooooooooooon
Ooo0oooooooooooooooooooon
Ooo0oooooooooooooooooooon
0000000000000 000Yang et al., 1981;
000000000;Wuetal,,19900 0000000
Oo0o0o0oooooooooooooooooon
ooo0oDtwoootoooooooooooon
oMmoomwtD 000000000000 0O0O000
Oo0oooooooooooooooooooon
Oo0o00o0ooooooooDoooDoooooon
OYang et al., 1981 0000000 OOOOOO
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
000000000000 Wu and Bai, 199611 0 0
Ooo0oooooooooooooooooooon

O000oo00ooooooooooooooooo
O000oo00ooooooooooooooooo
O000D0000Yang et al, 1981; Yang, 198711
WuetalD19900 00000000000 0O0OOOO
O0000o0o0ooooooooooooooooo
O000000oU0ooDoooDOoooooooooo
O0000o0o0ooooooooooooooooo
O0000o0o0ooooooooooooooooo
OO0000oo00oooDooouooonDo cwdooo
O00000o0oDooDoO000o0MmMOmmOOdand
OO00Do000DoMDMoooDooooooooo
O000ooo0oooooooooooooooog
OO00000OYang et al,, 198100000000
O000ooo0oooooooooooooooog
O000ooo0oooooooooooooooog
O000ooo0oooooooooooooooog
ooooooooooooon
Oo00oDoo0oooooooooooooooo
O000ooo0oooooooooooooooog
O000oMooooooooooooooooog
O0000oo0ooooooooooooooooo
O0000oo0ooooooooooooooooo
O0000oo0ooooooooooooooooo
O0000oo0ooooooooooooooooo
0 000110; 0 0 0 0 0001, Ishihara et al.,, 1990010
O0000o0o0ooooooooooooooooo
OO0mOO0O0O00O0D0DO0O0ODOOOO0ODOOOOODOO
O00D000DMme.coidndnonoDoomdmm O
0000000000 ooOImad
Oo00ooo00ooooooooooooooooon
O00000DoooDoooDOoooooooooo
O0000o0o0ooooooooooooooooo
O0000o0o0ooooooooooooooooo
O0000o0o0ooooooooooooooooo
O0000o0o0ooooooooooooooooo
O0000o0o0ooooooooooooooooo
O0000o0o0ooooooooooooooooo
O0000o0o0ooooooooooooooooo
OO000ooooooooooooooooon

goboboooboooooo

cooboooooocoobooooOooOoboOooooo
coooocooboooobooooooocooooono
coooocooboooobooooooocooooono



goboooooooooodooboooooooooOoo0oobooOooooog

oobo0O00b00 K-ArOOOOOOOoOoOOoDbOOoo
OOD0OO0OD0OM+0OMaO0OO0O0O0O OO0 Shibata
and Nozawa, 19670 0 00000000000O00OO
coooooooOoocoobooooooooooooo
coooooooOoocoobooooooooooooo
MO oooooMmoooocooooooooo
coooooooOoocoobooooooooooooo
coooooooOoocoobooooooooooooo
coooooooOoocoobooooooooooooo

149

O00ooooooooooooooooon-o00
O0000oo00ooooooo0 -oo0o0ooooog
O0000oo00ooO-0ooooooooooooog
000000000000 Fg@MmMOoOooooog
O000oooooooooooooooooooog
0000000000000 000KO/NaO O OO
O000D000000D0ODOO Loiselle and Wones
0197900 ADDOOODOOoOoDOoDoooooog
O0DoooDooo0ooo0ooMomon A0

> ++ 1 1 + T+ 1 1 T+ 1 T t t T T T T T

=T +++++ Attt T
P+ 4508
R T T T T e
b & e AR

T+ 48164 ++++++++F+F+FF A+

++++ A+t

+ + + + + +S09% +

)
Gravel

+ Coarse-grained biotite granite (V)

Coarse-grained syenite (liI)

« * | Melanoclatic syenite (11)

Syenite and quartz syenite (1)

Gabbroids (1)

Paleogene Shimizu Formation

= soil sampling points
X iron sand occurence

Pt
|

+ 4+ A+t
£+ +++ +
+ + + + +4TN

+
AN
|
I
{

X X

£y

()

O

~

w
h

L

1000(m)

S - om
- soil sampling points -
- % iron sand occurence

1000(m)

Geological and topographic maps with location of soil samples (based on

topographic map Ashizuri-misaki, scale 1: 25,000 by the Geographical
Survey Institute). Numbers correspond to soil samples listed in Table 1.
Geological map and the numbers from | to IV correspond to the rock facies
in the legend modified after Murakami et al. (1983).



150 g 0o o ooo o o o

Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
O 001 Ishihara et ald 19900 00000000
Ooooooooooooooooooooooon
OCo00OoppmOO0O00O0O0DDDOODppmO0O
oooooooooooooog

00oMnoooooooooooooooooog
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
oo0oo0oooooooooooooooooon
Ooooooooooooooooooooooon
ooooooo-00o0ooooooooooooo
ooooDooooooooooDooMmmooon
ooooooooooooooooooooooon
Ooo0ooooooooooooooooomoon
Oo0D0oo00o0o0goooooooOmmOOcOoOoon
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
oooooooDooO; 00000 ooa; ooo
DM oooooooooooooooooo
Ooooooooooomoooooooooon
ooooooooooooooooooooooon
ooDOoooooooooDOooooOoOOoooon
Oo0oo0ooooooooooooooooooo
oo0ooDoooDooDoooooooDoooao
O Imaoka and Nakashimall 1994a and blJ 0 00O
Nakashima and Imaokad19980 0 0000000
ooooooo-00oooooooooooooo
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
O00000D0OO0DOO0O0O000 Nb-REEOOO
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
Ooooooooooooooooooooooon
oooooooooooooooooooon
1

oog 0

cooboooooocoobooooOooOoboOooooo
cooboocoobooooooooooboOoOoomooo
coooocooboooboooooobocooobooono
coooocooboooboooooobocooobooono
000000000000 000000Fig@M@ MmO
cooboocoobooooboooooobocooobooono
cooooOoocboooboooboooooooono
M oooboooooocooobooobcbooooo
coooooooobOOoobOobocboooooooo
coooocooboooobooooooocooobooono
coooocooboooobooooooocooobooono
coooocooboooobooooooocooobooono
mooooooobOooboooOomooooo
CooooobobocCceG OO O0OOmwtonooono
0000o0oOom

oooooobgn

cooboooooocoobooooOooOoboOooooo
coooocoobooooooOoOooboOoooOon
cooboocoobooooooOoOomboooooono
coooocoobooooooOoOooObomobooOon
O0OO0OO0COO0OFigM and TableDMOOOOOOd
coboooooOmmOOOOmOO0OO0oOoOOoO0O0
coooocooboooobooooooocooobooono
coooocooboooobooooooocooobooono
coooocooboooobooooooocooobooono
cooooooobooOoooobObOOooooooo
coooocooboooobooooooocooobooono
coooocooboooobooooooocooobooono
coooooobOOoOoooboOooo o0 o ooarmoo
coooocoobooobooooooocooobooono
cOoooooooobOoBOOOOOOOODOOO
cOoooooooobOooboobccooooooao
co0ooocoobooooooosOOOOODMOO
cnO00000COOOO0OemOdOdOoOOOOn
cooooooooocoooo

coobOoooboocoOobooooOooboOooooboo
echobooobobObOobooooboooooooboooo
OXOooOoooboooboooooooooobooooao
OoOoXooooooooooooooooo RI-
GAKU OO RINT20000 D0 C0O0OO0O0OOO0OOO
O0oo0o0oO000MkvOOOOOOmAODOOOO



goboooooooooooobooooooOoooOooOoobooooooog 151

TableD Geochemical data for the weathered soil (crust) in the Ashizuri-
misaki area, Japan

Sample No S07C — SO07B — SO7A 506 S12B 503 502 SOL S12C S04 STTST0B — STOC S05 S13 S17 SIS 509 S08 ST4 S16

Geology Gb Gb Gb Gb Ms Ms Ms Ms Ms Ms S S CgS CeS CgS  BtG BtG BtG BtG BtG
Stage I I I I I i I il i Jis I i i i il v v v v v
Media C [} B B B B B C B B C BC B B B B B B C
30
10, (Wt%. . . . 3 : . K .03 g A 3.3 )

TiO, 29 258 1.8 1.47 086  0.53 0.54 06 072 . 0.7 072 0.55 083  0.69 038 079 1.49 0.77 0.51 0.35
ALO, 28.31 2899 2786 1856 20.36 1599 1635 1634 1958 1921 17.25 18.05 1642 1747 1632 1646 1959 19.23 143 1622 16.11
Fe,05 16.58 15.06 12.53 819 622 495 5.55 727 5.08

Lu X 3 3
HREE 26.4 16.8 7.0 30.7 25.5 14.6 13.2 11.3 20.9
Y 323 21.5 13.4 46.1 32.9 19.2 17.8 15.2 279

35.4 545 810 438 180 213 483 479 233 26.8 18.8

SREERY 3212 7846 W07 3440 3867 2075 2.1 236 381 I3

702035563 018 457 297 2018 0.1 3984 7223 3512 2070

5.4 5.0 3.9 5.0 6.3 4.7 2.6 3.9 4.5 6.5 5.8

L/HREE+Y 4.5 6.4 21.0 3.5 5.6 5.1 6.7 7.0 6.1
Geology indicates the rock types at the sampling points: Gb t Ms=M ic syenite; y

ined syenite; BtG=biotite granite. Stages of the plutonic rocks are the same as shown in Figure 1.

Medias: B=iron-hydrooxide rich soil; C=weathered bed rock; BC=mixture of B and C.
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Representative soil profiles formed as the top of biotite granite (S 09) and sy-

R or A

FigMl
enite (S 10B and S 10C). Note: weathered syenite shows relatively bright red-
dish brown due to its mafic (Fe) rich nature.
Intensity stage 11 Intensity stage 111 Intensity stage 1\
(counts) (counts) (counts)
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Figlll  XRD chart of representative rocks and soils for each rock type within the

Ashizuri-misaki plutonic rocks.
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FigtlD  The percentage change of TiO., Al.Os;, and
Zr contents in the soils and plutonic rocks
for each rock type is shown relative to aver-
age values. The numbers from | to IV corre-
spond to the rock facies in Murakami et al.
(1983). The ordinate is given by the follow-
ing equation; [(max or mini value of sam-
ple)/(average of soils or rocks of each facies)
0 1]x 100. Chemical composition data of
the rocks were taken after Murakami and
Masuda (1984) and Ishihara and
Murakami (2006).
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Figtld  The vertical percentage change of composi-

tion in the soil profile at site 07 is shown
relative to average values of gabbro as
paremt rock (PR). The compositional
changes are normalized by Al.O; values.
Chemical composition data of the rocks af-
ter Murakami and Masuda (1984) and Ishi-
hara and Murakami (2006).
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tion in B-horizon soils is shown relative to
the possible immobile species of Al.O:.
Note: elements predominantly present in
feldspar decrease, while elements in mafic
mineral such as biotite increase.
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cOoo0o0o0o0o0O00000 FgmOOOOODOO
coooooooOoocooboooobooooooooo
coooooooOoocooboooobooooooooo
coooooooOoocooboooobooooooooo
coooooooOoocooboooobooooooooo
oo

Um obobooocoooobOOobo Oooobogooo
coooOooooOoocooboooobooooooooo
OO0 Fg@OoOOOOOOOODOOOOOODOO
coooooooOoocoobooooooooooooo
coooooooOoocoobooooooooooooo

LREE
HREE
Y
—La
Ce
Pr
Nd

P> @ <

O
<

LREE

Sm
—Eu
—Gd

Tb
Dy
Ho

Er
Tm
Yb
- Lu

2
u

L L

100 50 50 100
(%) decimal (soil/ PR)

Figll0  The percentage change of REE and Y in B-
horizon soils is shown relative to the possi-
ble immobile species of Al,Os.
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FigllJ Relationships between light (LREE) and
heavy rare earth elements (HREE) and Al.
0,/Ca0 ratio, Zr, Y, and Nb contents of soil
in the Ashizuri-misaki area.
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