
��������� � /,�� � 2�� p. -.1�-03� ,**+

��������	
��
�����

��
���������� �� ,���

� !+ "#$%+ &' (+ )'*++ ,-./0+ 1234,

Shigeru TERASHIMA, Atsuyuki OHTA, Noboru IMAI, Takashi OKAI, Masumi MIKOSHIBA and Masahiro
TANIGUCHI (,**+) Chemical composition of the alluvial soils from the Kanto District, Japan : Prelim-
inary study for the soil geochemical mapping (part ,). Bull. Geol. Surv. Japan, vol. /, (2) p. -.1�-03, ++

figs., 0 tables.

Abstract : A total of ,.* alluvial soils collected from the southern to northeastern Kanto district,

Japan, were analyzed for major and minor elements to characterize the geochemical map of soil. It

has been considered that these alluvial soils originated mainly from clastic materials derived from

basement rocks and altered volcanic ashes. The chemical composition change of clastic materials

from basement rocks in alluvial soils reflects the geology of catchment areas, whereas the change

of altered volcanic ashes depends mainly on erupted volcanoes. The vertical variations of the

elemental concentrations in alluvial soils are generally smaller than volcanic ash soils. Several sand

layers derived from basement rocks are found in the cores. Compared to the mud layers, sand

layers are poor in Al, O-, TiO, and heavy metals, but rich in alkali and alkali-earth metals in most

cases. The elution and/or deposition of chemical elements result from the decreasing grain size

during weathering. Compared to the volcanic ash soils, the alluvial soils are rich in alkali and

alkali-earth metals, and depleted in Al, O-, TiO, and heavy metals. The sedimentation rate of

alluvial soils is estimated about *.- to +., mm/yr at some places. It is less than or equal to the rate

of recent lake sediments, but much higher than volcanic ash soils (*.*-�*.*2 mm/yr).

5 6

�	�
��
�����������������
�� �������	��
 !�"#$��%��

&'"�(�� �	��)*&'�+,���-� �

���.��"���/0 ��	�	��)1� %��
�23�4��56��7��89:� �;�<=1�
>����?�@8����0 ��	�	�AB�&'
���C���1� 23D���EF��G�HI�J
/0 KF1�� �L M� !	NO	�"��*#P
Q$
�RLHIS/T�UV�F/0 ��	�	%�
W�&X1%���56��89�0 W�&X1"��
���'J��Y���L� K�Z[\]^�[\]^
�(_)L*4�+`�� Y&,�81[\abcd�
efg� �hi_)�L-.��j���?�0 3k,
�l/LHIS��081� mn,�o1����	�
��2���31(p��0 +4?56,"+O��5
6�O+,81� o1q7��1r��IF�A:� &
�2��-sL��2�"��It�%@89�0 ��

	�	���2�1� 7��,�23D����G�[
\abcd� efg� i_)(�8�M� [\]^�[
\]^�(_)�9u�3L9:� vw��156*x
y�����(p��0

+7 8 9 : �

�!��% z56���� �	� q{?|} �&'�
����"
��/~�L�
��
89:� ���
�� �
��� ���� ����:M��6�AS�i
�?o���89�0 ����AB��
��
�v�
1� ���� z,*** a} 8� ;<�=��8�EF1�>
�� z,**+} 8���/0 ����?=�gf� z��
����} 81� @��"1�T� �����,��

��
"���/ z�A��� +33+ ; ����� +331 ;

,*** b} �� ;<���AB�&'����3"�B�
�/T���S������� ���� ¡�
��
�
¢����?$£&'�¤¥�¦§cg¨���©ªC
«¬D�j��������­ "E®¯°� ��±��

��F��!²��G"³H�� +333I�"´I��
�� /µI¶·8;<����J -,***¸�56���

+

,

�
��¹���,K zInstitute of Geoscience, GSJ}
�º�»����,K zInstitute for Geo-Resources and
Environment, GSJ}

Keywords : alluvial soil, chemical composition, geochemical
behavior, geochemical map, Kanto District

¼ 347¼



����� ������ �As, Be, Cd, Hg, Mo, Sb�	 �

��
��� /*����������	�����
������
�
��

� ��������������� �
���!�"�#��
� �$��� �
�%&��'
(��)�*� �����	
+�� �����,�
��-�������
./01�� 23��
��

�����4
 56� �7�8���� 53�9�
�:���;<=��4
%*>� � !��"�
�
��������	*
?#@��*A�� �B�@%
0� $C%D E��?)FG@�-
-*� H�%I
 &'(JK@�$
� �
��


L@�MN
-
*O	P1�Q())R� 4�4

�����<ST
UVWXY*#Z[+*�\,)L@�4
�]^��
���
�$�����
� �$��)����-_
���
	P1������*A6� �$+���./%01�
]*>�2�%A�� ��34� `ab-�%9R��
����*
!�"� 56����./
c
de7
f*>@�K�������� g8cB �,**+	 *
�
h9:; 9R����h9i=j<
���k�l�
�mn=o�>p�`ab-�
qr	  s��tu�
�� ���� +	 h9i=j��k%?���l�%%	
���*
@R� l��@v
i=j
AB `aC`
 Drwx��
� GEF�B0�?Gyz,��
�
HIMN�9�?	G�*A�4
� ,	 h9�JK
L
K E{�`ab-�����	 
MN@O|%A
6� ��PQ
JK*
R}a~�STa�� LK*

U�aMN�C�
����	 wV��4
� -	 `a
b-�$%?���
� ��;� ��;����;��
��W%XY��./���� Al, O-, TiO,, H, O~�c

de���W%O-� �./ @�4
� .	Aw�
�*�������)�
��

`ab-�����
	
L@�Q(%)�4
��M0B ���
h9i=jtuU�=� �+30/	  51�� h9:;
� 0�1�
h9i=j Z�1���%� ��[�H
K�
��<*A�� ��<�$����	 s��

� �RsB�tu �Kuma and Kawaguchi, +310 ;�
�cB� +312 ;�;cB� +33, ;�\cB� ,***	 %A�
%� 9��]��PQ� @v�MN� `ab-�#�

��

�h�� s�����
^�P1��@��
 ^�
� ��:; E{��$�������	 h
��!_�`��a��� � h9��*������
<�$�b�������� �^�`ab-�$#�

��
 E{������ �����\,
�O|� 
s��tu������
��)�*A��

,� ��������

h9:; E{���<�$�@v
� `aC�
�
�
56��
� 9�?	G�*A�%�'@�
cd
o*A6� �1�1� ef
��������g��
�-��¡ 53�]���
./01�� h +�
�
 tu�������
� ij �+33/	 %¢��£¤ /

klC �����<�<¥���]��)�*A��
<¥
� Jh9*
R}a� STa� Lh9*
U�a
�9m*n���E6� �1�1�`aB0�C�


��?�%	
�%op? 53�¦�1������

P1�E6� 41
`ab-��������� �g
8cB� ,**+	 
)�q�*A��
�
56��
�@v
� +�� ����!�"�
#��
� �$�*A�� ���� +����¡ 53
�
!�"56���

c
de§�1@�Q()A
�%� wr� 
!�"��¨©%?)H>�� 44*

�'@�

�����-�ª'�«,� �����
�����
�¡
¬s�- s��
 -. ,, .. -*«,
��h +� E���?JK� Site 1,
�tj�­}®
n��1�u:v w¯�°
�±��²
�� A
6� 4�+�� 
h³´�µa"�#¶h·´�¸¹

h +� ������
ij �+33/	 %¢��?G /klC 
����`ab-��<¥�� �m	�

Fig. + Sampling sites and thickness (m) of volcanic ash

soil accumulated during the last /*,*** years (after

Suzuki, +33/).

�-�:tu^� ,**+l h /,º h 2»

¼ 348¼



���� �������	
� �
��� ������
��������� ������� �!�"#�	

�� $%�& ,'�()*�+�� ���,��-��
�.��/0123456 67 89:;<� +311=�
>?0� ���,�� @A��BCD�EF��
�G
H"IJK/K/
� @A��L��MN��� O�.
�PQ<KR0ST����U�D�VF���
�G
H WXY� �
���.4�� &Z[�\*�� ��
�]�^*��� _`[ab$c�d���������

e�����f	
� �!���.	C�gV � h�
BCD�i�j+F4��	
	k0��l�mn�o
p
� qq �r&s[t&Z[�\*�t���]�
^*���uv�� w6 xyzt-yz�BC���
��	
�{
|�}~���� 8+32.= 4�/��12
3�������!��-���.E��� x����
�"��/
���4��
�� W?7�� �!��
�
�����������"h/4�YV�����
����i��� .� T�¡¢]4�?0�"��

& ,' w�����h��� .4
£p
¤�¥� ¦� §¨©ª�
 �«¬N ,*­�� + ®' ¯�
°± �EF�²��

Fig. , Sampling sites around the

Tsukuba area.

i���4£p
³C´�µ�¶·¸¹ 8º» ;<=

¼ 349¼



������� ��	� -/*��
���
�����
���

-� �������	

-�+ ��
��
����
��	
��
���
� ����
��
���� !	"
#$�
�%
�&%�'��
���� ��&%�(
��)	� &� *�+,�-��.
/01� 23

��
�4� �5 �6�7� ��&8�
���
�6�9:4��1�;� <=>�� �?
��

�� 01��@ <=>�+ +A,B ��
!C��
D�� �E"3 �5#�$+%F-��C� &G�5
+
�	�HAADIJK
L'-� M +(N� ;�
 <=�)%��O�P��QJRSTUVJW M+30/N
X3 *B
Y��01�
L'������5+
Z
��,&Z�� [-�
�./\�/�	 -* m]�0
���)+1:� 2^2_J` Mab - cm� 3c4�d
efN +5ghi� 67 /*A+,/ cm 8j;�+<=

�� <=
�;� k�
%l��9m-�P �Z
��� n �) op&%:q rs�Z�� �t��
'+<=
�uv&%���

-�, �����
/8j;� <=�) M]� Site no.&(wN� 4�x
L'� yz7� {;�<|} ;� =~>��&� l

� �?@+ +(
w
�� �Y� �A%;� B�
����+P�
l� �V�� C�
L'
�� 4�x

���%� n��� 01��23���D� 4�
x�)	&Z��� �O� ;�<=�)P���E�
&Z����!
��F+�C�� D�� /8j;� 
(�� ,*A-* cm]G%�X
��HI������

+N AIJK ;�
AIJK -J 8j;�%� ����� ����
%��
�� �'�� 
��@�	"#����,�
	��KL���&<=
�� Site 1* 01�%�KL
A�'��+��-���� ��5 �����&Z
�3� �5+
>�
� oM�N� O� %¡3
+** mP?&Z�� 3� 4�¢Q�����C�� 4
�RS l6T£ ¤U%¥��� J8j;� *A2*

cm
%¦§¨c$�,�	��V�|���WC	
�� 6�>
�V�6&Z�� Site 1+%� �'��©ª
 ��&����«�-�¬­� ��5
Z�� J;
�%�V�6&� *A-* cm, 1*A+** cm
%4�RS�
,�	��¥X ®l�� .*A1* cm&%¥X ¦§¨
V���WC	��� Site 1,%��¯� ��&Z�°
� �5+
>�-�� 6�±�l6�V�&� l6T
£%�? -*A0* cm� 1*A3* cm �±&AY>
Z
��

,N BIJK ;�
BIJK ;�%� ����� ²³�
�%��

�� ����� �(� [´ ²³+µv����

 +( 8j;� <=¶·�n ¸	�
Table + Location of the studied core samples.

�6&GST�¹ ,**+�  /,º  2»

¼ 350¼



����� ����	
 ,**+�� 
�����
�� +/�
�����������

��� 0*�0/����
 /-

�/2���
 Site /+, /,, /3� !�	"	�����
#� �
 ,���
���	" : Site 0*����
 $%&�
���'�
���������� ����
 ���	"�()�*
+�,�� ������*-./0�#1
 ��2*3
����4����5��
  * .*�0* cm�6��#
�� Site 0+�
 !7�)"�#$*#1
 ���*�%
&0�#��
 '84����5��
 1* cm9:�;
;(<� Site 0,����
!7�)*����� 3�
+=������ ���%&0�#1
 ��2*>,�
'84����5���� Site 0-�
!7� ?���
�*#�� ���%&0�#1
 ��2*>,�'84
���@-�A<�� Site 0.�
!7�./��$*#
1
 ���	"�(B��*+�,�� ���-./0
�#1
 3* cm9:� ,�- cm0�6�1C��#D�
�
 
��2��6��E�23��� Site 0/�
 !7
�4F����*#1
 
��������G��HI
�#��5�����#�� ���*�%&0�
 ��
2*606J�@-�AK1
 1*�2* cm�606J*
7L�<��
��	" : Site /-�
 IMNO�8P�#$*+�,
�� ��Q�A-./0�
 9RS�T8:U�Q3�
VWQ�����'84����5���� Site /.�

IMNOB�*#1
 �;X<QY�=$�X�	��
4���Z[�#D�Q������ ����
 ��Q
�A60-./�
 .*�2* cm�606J�;;(M

�2�*\ +�, cm� >]�5���� >�^_
�A23��� Site //�
 ���`ab*�-,�3c
+=*#�� ����?���%&�@d,��
 )+
*e	DA606J�/f�
 .* cm9:�6��#
�� Site /0�
 ���3c	�A +, kmB��IMN
Og�����*#�� ���� *�-* cm�Bh*7
i-./�
 >,�T8:U� �9RS� ��5����
-*�0* cm�
 Bh��QLjklm<nS�	D�-
./0CD��#�� 
�-./0CD��
 opEq
r*stF�*uDAvGw����HxCD� �yI
J�	
 +322� Q������ zDA
 {D��&|�
}~K�Q���}~��^_,���#���
 L�
��5*23��� Site /1����
 $%&MN���
��$*#� 3��=M������ ����
 ��
Q�A��O�0�6��#1
 ?�� �*�-* cm� �
�>,�BhQ-./�%&6J��5���� Site /2

�
 ��	"�����(B�*+�,�$%&.PQ
R���$*#�� ���� *�-* cm*�3�VWQ
������M>,�'84����5��
 l�9R
S�:T8��S�0*2T,��
 ���*�%&0
�#��

 !�	" : Site /+����
 	�UO.���

Site /,�Y��)�O�UV�������� <��
]%&0�606J;���VW4����QLj�5
��m<� Site /3�
 $%&�P�e�W*#1
 XY
�Q�* !����Z*#�� Y�A Site /+Q /,�
P� !�*�-,��[3��m<�
 Site /,Q /3

�P*+�,�)�O=$*K<A���Q !���
�,�� )�O9�*K��������\D� !�
�Y�u1]]�	*�<� zDA3����0�Z[
�
  !�u1]����$�(<Q������ Site

/3�&|�
 Site /+, /,*L�A���*Bh*7i 
^�#1
l�
 *�2* cm�%&0
 2*�++* cm�-.
/0�606J]kl���

-� C������
C�������
 B����Y�Q_`*�Xn�
� Q�A�¡��#��¢�XQ=��7£X�a�
�¡b�A<��
 B���u1]=�*+�,��
5
 cK�*7£X�¤b�.�<Q������ Site

02�
 �d&¥=�p¦§�.e���*+��
 ¨©
¥l��ªf�A /** m�#�� ?�	�:g 3* cml
��>,�606J�ki%&�
 Y�9:�6��#
�� Site 03����
 �¨Ohi��$������ *

�2* cm�%&0�
 Y�9:�6��#�� Site 1-�
���
 �d& ?��RZ��$A 1** m����
�� 
����
 j«�G��¬����Z*#�� �
��� *�-* cm�>,�6�ki%&�
 -*�/* cm

�6*k�<¬S%&
 Y�9:�6��#�� Site 1.

�
 �d& ?��) lp��j«�Q­mj«��
�P�*+�,�� ���� *�.* cm�>,�-./
�%&�ki6��
 .*�+** cm�%&�#1
 2*�
+** cm*�(,�h�n��5���� Site 1/�
 $
%&;���oX��$*#1
 ­m®	p�)�A
+./ km
j«�l�A /* m����#��-./�%&
6J�cK�*?��*(M
 )+*e	DA¯>,�
�
 ��Q�A�6��#��

.� D������
D��������
 °)�Xn��QLj�7£X
VW�#1
 ¡��#���X�¤b�q±���Q�
���� �
 +��� Site 00�
 �rsO.t�#$A
.** m�
 cu����	�A +.1 km���*#�� �
��-./0�
 ���*���'8���5����
Site 01�
 ²�O³vX�=$A +** m
 w´µ���
$A +** m���*#�� Site 00Q_`*-./0�
���'8���5���� w´µ��
 cu�� w
mG��
 B���x�;xy�¡�¶�·*z¸�A
K1
 ¹{��|º�?��m<�53�CD��� 
�#D�Q�A]
 Y�VW��Q�A7£X�}º�
Q������

¡�~I*K��{D�&|�8»�G ��� �	�

¼ 351¼



-�- ����
�������� � 2*�� ,�-�	
����� �
�	�
�
���
����������� 
��

�������������������������
�
����� *.+ g� !"��#�$%�#��#�
�&�� ��
'���()%#��&�� /* ml�
�� *+,-�./0� SPS11**1��� 2�!�
��� "�&#3��� 45,6$
%�&7'�(�
(89��)
 Y, Zr�:*(�+�;2�� ,-��
)8.�
/01;2<�=3�>?�

.� ���	


.�+ ��
����
,�4@�A�(� BCD56E CF-6
����
78G9�� HIJ� -/*:K;�L�
MN�<O�
2��PQJR?� L�
MN�<O�=>'�?S�
T?@A(�� ��'BC
��
UI(L�BC
�
��8.VR?���>?� W��� "XY�����
Z>D@A([O?L�
MN�E\T?��� CF-
6
���)F( -+���G]� H�(2@�L�)

IJ�^��_2%��`abc6#KL�de��
J������� W
�f� Site 1.Kg
����� )
�#=�M%�
8.�� +** ppmNJIWRKh

ijkl�m6nop5�>!�� Site 1.��� hD(
qI!�IJ�Or�� s
P� ,,,.* ppm�>!��
�R(0��� QtR
uSZ�����LT=>'I
J� ,.,*** ppm
%��v+VR�� �
�f� Site

1.
w�xyI(L�
MN�<O�2?�PQJR
�� �I�� �
��(z2�{H|������(}
���� L�
MN�UV��V�zIQ;2�WXV
R��

.�, ����
����
��
,/"
YZ��IJ[JR� ,.*��(z2�

Al, O-$ +0\�������f�KA�+](� ^]1
YZ��(z2� +*��IJ
~_�`a�3\��
�f�K -�1a(b���

+� Al, O-, Fe,O-, TiO,, MnO

���c@A([O?�RJ\�IJ
~_d"(z
2��efUI �,**+� �g����� U���
YZ
��([2�s]D�IJhJ /*�+** cm(qI!�
IJ�OrT?�q�>�� W
���]D���ij
'cE��(A?)k�f�
�2��� �]@A
l
"�m�T?�b��� c5��@n��� c5���
�
IJ��o�� /01(Al, O-�] Fe, O-$p��

IJ�OrT?���&kVR�� K -�1a�]K
A�+]IJxI?A�(� Z>D@A��*q1�q�
��]D�hD
IJd"�rV�� G��sgT?�

U�G�
"�t\�b��2?� �R�� @A?S

���(�u;d"�;�� ��]�hD([O?=>
v.
l"JEij8.�
��rV2��(��T?
�>��� Site //
 .* cmKh� Site 0., 02, 03, 1-
h
D���2yR{Al, O-$
IJ�w2�� �RJ��
/��D�>?���>�� �D�]�(x9Dy�b
5��z@D(2@�{g;�wIJ�bT� Q?�
Site /0
 -* cmKh
¡¢|����VR?£�}¤
=>'�� Fe, O-, TiO,, MnO
IJ�~¥
Z>DA�
{�JI(w2 �KA�+]�� Site /-, /2, 00, 01, 1*�
��2�zI
Dy� Fe, O-� +*¦K~�MnO� *.,¦
K~
_IJ�b��[�� �
������l"��
\3 
MN���'c
�&
���PQJR?��
�R(z2�� .. ,�v�T?�

,� CaO, MgO, Na, O, K, O

�RJ
\��� 2yR{l"3 (�!���VR
?�� K -�1a
~_�`�v�T?��y�{n�

d"�b��2;2� �
���� Z>D@A
?S
(8.VR?�RJ\�
IJ��
�2��� �]l
"(����§��\�(A�¨;?���PQJR
?� �y� +� �4@�\�
~_d"(
�;MN��
Q��cv.�
}©�v�T?�� Site 02, 03, 1-, 1.


�D��U���
��( CaO, MgO, Na, O, K, O�
_IJ�bT� W��� Site //
�D��MgOKg�
_IJ�>?�� Site 0*, 0.�� K, O
w�_IJ�>
?� �
�f�� �c����c��(2@�l"
M
N�rV�� CaO�K, O
IJ�_2���(2�� �
cv.
?S�ª��n
A�(c5��@n��(�
�2��� CaO, MgOIJ�_�;J;2�PQJR
?� x«���
�����;?S�T? Site 00, 01

]D��� �cv.�(�8�;2� CaO, MgO, Na, O


IJ�_�� K, O
~_�`� Site 00� 01�¨
;!�2?
�� �¬
­-®�rQ�Kh
v��
�!��
~�UI �+33,� �� Site 00
�Q�q� +, km
¯
�°��S
�S�Z>D@A����� 2�zI
�
������2?� W��� CaO�K, O
­-®�"X
Y�f�2<T?��(�� K 2a�3\��� �
a
IJxI?A�(� 2yR
\�{hJ� -* cm�s

IJ�b�� W
~h
Dy�wIJ�;?�q� Site

01
���U���,±�>?� ¯�°��S�� �²
�
³�´S�
�µ�(>�� �
�
~�µ��7
E¤��>?��¶�BC
��'
MN�>!���
�{ Site 01
���,�(x«���
�+'�PQ
JR?� �!�� x«���
�+'��;?S�T?
Z>D��K 2a
 Site U-,, 01
A�;~_�`�b
�� �R(0��/��
A�;
¶�
�µ��� x
«���
�+'�·(¸��BC
��'
���>
?�� Site 00
A�(s
IJ�bTDy� �¡

7c¢¹XYg� ,**+: K /,º K 2»

¼ 352¼



� -� ���� �sites /+�/-� 	
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Fig. - Vertical variation of the elemental concentrations at sites /+ to /-.
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Fig. . Vertical variation of the elemental concentrations at sites //, /2 and 0*.
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Fig. / Vertical variation of the elemental concentrations at sites 0+, 0. and 00.
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Fig. 0 Vertical variation of the elemental concentrations at sites 01, 02 and 03.
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Fig. 1 Vertical variation of the elemental concentrations at sites 1*, 1+ and 1..
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Table A�+ Analytical results.
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Table A�+ (,) Analytical results.
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Table A�+ (-) Analytical results.


��
���� ,**+� � /,� � 2�

� 368�



�A�+��.� ����	
Table A�+ (.) Analytical results.
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