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SiO2, � TiO2�Al2O3, Al/(Al+Fe+Mn)��� ! 0.010, "#�$Ge, Sb, As, W; %&

Cs, U, Mo�Tl'()*+��$, ,-.�/012 1 µg/g, 3 2.324 µg/g , 45�

$ LREE; δ Eu! 0.452 ~ 5.141, δ Ce! 0.997 ~ 1.174; ,-6789:	;<�=>?
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�
 !"#qrz, ÅÆ23�Äp�4A

56
78.

1 ������

?@A6B(��SÜu.ÜÝ¥6B)Þ

�ß�?@à-b`áA(ω Ge=3.9 µg/g)
â

ãä���X�å
ÀÁ+���ÂÃ�� 

.(& 1)[13]. ÀÁ�  æX.ç�èÀÁéê,

ëYÏ 3 ¥��ì(N1b
2, N1b

4u N1b
6)(& 2).

��, ?@A6B
2~íËîïRST6

BUV(SÜíË 860 t, .Üðñ 200 t). ò2

óô}~, ?@A6B.
Aõ��ö÷�:

ø÷�ùúûüYs. IJýþ��
A��

� 2 ��������(	
�� 209 ��)

� 1 ��������(	��[13]��)
1. ����; 2. ����	; 3. 
�; 4. �����; 5.

�����; 6. ����
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�ù�.��E� �å� 1 ��

ì(N1b
2)
�æ.. ^��ìlm�

�����	��� (
�p��

�)�����æ�æxÄp�u

0æ��Äp��é5 . ��c�

�Äp�
Ý¥��ì
�.£õ

A6"[13]. �� 1��ì., A6�

�æxÞÏ , Þx4 æ�� , �

æ���:A6æ . áA�6ì4

�åÔ�	���æxÄp�
Û

ÚYs�¬��j�(& 1, & 3). 6

�.A
�ËX 20 ~ 2500 µg/g, �

"�¬ S, 51ª���û�A 852

µg/g.

2 ����

`� 1 ��ì(N1b
2)
l�æ

(A6�)
���E�
æ.
ç

;Äp�WX�� .  J
��!

"#�$%&Âð 200�, '(&�.D)#*6B !"#L+��,�5-Ë[\�.

Ë[\�/0[\Y1, 2Ô3\Y1�.D p)#*6B p�� �5. -Ë[\Y

1M!4"#{5. .Ë[\u/0[\Y1M! Finnigan MAT67 ELEMENTT8Y9:

ICP-MS. ;ÏµX 10−9. <!D=(�(GBPG-1, AMH-1)u�g�>?Y1�², ¤Ô.Ë[

\Y1@ABC�} 3; /0[\
Y1@BDo 5%. 2Ô3\Y1M! BrF55, MAT 251

EM pEF, SMOWD=(G, Y1@ABH0.2I.

3 �����	
��

Äp�X�JK, �ALx, �æx�MNxÞÏ, OBP 10~60cm, `
æQ�æ��


��¤RÇ Ys�.ÜA6�.. S.NTUVGH, Äp�
l�XWxXY��(~

S�%o�	ÂÃÍZ), ´c<,[x��Q+\xÍZ]^��. ,[x��
_c�

IÔ`æa
+\xÍZ(bc)é5, defgT�hixjg, .cÍZ�k�l, �mW

x. hYn�oogpzqÏ
r��s�t���	Äp�.
uvx��[9]. ^��w�

��	
qr��, WX���	
lm�Í#qr[9]. �Äp�.�GHxy�p���

pz,. �py4Äp��]^. ��pz,., GH+\x�{|axÍZmW, IÑ}z

~e�Q�, JÕ<�pz,�&ä����. Äp�.
8zÌ�"Í(Â�)hY�á.

��, Äp�.�YsJñË
��6. ��6y��{�, ����!xQ��x.

4 ��
��

4.1 ����

?@A6B.
Äp�"#5Y` SiO2Xl, �ËX 84.31% ~ 97.60%, �û 92.77%, e

� 3 ���� 302-21 ���	
�(��� 209 ���)
1. ��; 2. ���; 3. ���; 4. ��; 5. 	�; 6. 
���



� � 3 � ����: ��	
��������������� 239

ÊX��éY(lmX�p), e�5Y�Ëù·�. ?@A6B.
+�Äp�
�Í"#é

54e� �
]T����5¯Äp�
�Í"#é5n�(} 1). Sy�����5¯Ä

p�
 Na2O/K2O�1, ?@A6BÄp� Na2O/K2O�1.

� 1 �������������(%)

����� SiO2 TiO2 Al2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O P2O5 �� �� Al/(Al+Fe+Mn)a) Na/Kb)

ZZ-19 84.31 0.01 0.01 1.00 0.20 0.06 0.11 0.20 0.12 0.02 0.08 13.31 99.43 0.008 6.00

ZZ-27 96.75 0.02 0.02 0.60 0.12 0.07 0.10 0.20 0.11 0.02 0.12 1.50 99.63 0.025 5.50

ZZ-38 97.60 0.01 0.03 0.86 0.10 0.07 0.10 0.40 0.11 0.01 0.11 0.26 99.66 0.028 11.0

ZZ-45 96.39 0.001 0.01 0.75 0.15 0.11 0.10 0.50 0.12 0.03 0.11 1.50 99.77 0.010 4.00

ZZ-57 89.83 0.001 0.01 0.54 0.10 0.07 0.10 0.20 0.11 0.04 0.15 8.70 99.85 0.014 2.75

ZZ-61 95.52 0.002 0.02 1.32 0.32 0.10 0.11 0.10 0.12 0.03 0.08 1.60 99.32 0.011 4.00

ZZ-74 95.60 0.02 0.01 0.39 0.10 0.06 0.10 0.10 0.11 0.04 0.07 3.20 99.80 0.018 2.75

ZZ-79 96.09 0.01 0.02 0.72 0.20 0.08 0.11 0.20 0.12 0.03 0.03 2.10 99.71 0.020 4.00

ZZ-81 89.06 0.001 0.02 0.70 4.70 0.20 0.11 0.70 0.11 0.02 0.15 4.06 99.83 0.004 5.50

ZZ-87 86.59 0.003 0.01 1.32 0.30 0.08 0.10 4.60 0.10 0.02 0.07 6.35 99.54 0.006 5.00

�� 92.77 0.01 0.02 0.82 0.63 0.09 0.10 0.72 0.11 0.03 0.10 4.26 99.65 0.010 5.05

���[11] 95.30 0.04 0.41 1.03 0.58 0.03 0.19 0.68 0.06 0.08 0.25 1.06 99.71 0.153 0.75

����[12] 98.46 0.006 0.01 0.46 0.14 0.05 0.001 0.26 0.05 0.005 0.02 0.20 0.011 10.0

Franciscan[1] 92.30 0.09 1.31 0.27 2.36 0.53 0.28 0.11 0.16 0.35 0.03 0.293 0.46

Shimanto[1] 87.87 0.05 1.09 0.52 2.52 1.08 0.86 1.05 0.35 0.24 0.12 0.209 1.46

a)  !", b) # Na2O/K2O

�	�.
 Al/(Al+Fe+Mn)�O:�Ë�	�.���	��Ëyñ
jm(), �O

�����	��Ë
��*�ñ; �
 TiO2u Al2O3�Ë:���	Äp�
]Tqr
[1,2].

?@A6Äp�.
 Al/(Al+Fe+Mn)�OX 0.004 ~ 0.028, �û 0.010; TiO2�ËX 0.001% ~

0.02%, �û 0.01%; Al2O3�ËX 0.01% ~ 0.03%, �û 0.02%. �dû~S�oe� �]T


��5¯Äp�
 Al/(Al+Fe+Mn)�O� TiO2u Al2O3�Ë(} 2). ��	�
 Al-Fe-Mn5

¯$%&'.(& 4), ?@A6BÄp�
��k�����	��. ¯�, ?@A6Äp�

�Í"#é5qr��Ï��Äp�w��5¯.

4.2 ������

���	���á� Cuu Ni, *  Co[4]. 8�Ë
 Ba, As, Sbu Bz[\WX���

	W!
jm¡([5,6]. Y1�²(} 2)}~, ?@A6B
Äp�.~Sá�
[\(¢£á

�8�
¤Sï¥)JGe, Sb, AsuW; Cs, U, Mou TlJ¤Ô¦B
á�. ?@Äp�.Co/Ni

�O¥o 1, U/Th �OSo 1. ��	�
 U-Th $%&'.(& 5), ?@A6B
Äp���

k�����	��. ��	�
 Fe-Mn-(Cu+Co+Ni)$%&'.(& 6), ?@A6BÄp��

�k��á�§¨
���	��. ¯�, .Ë[\é5�eqrÖ��Ï?@A6B.


Äp�w���	5¯.

4.3 ������

/0[\é5�eqr:$����	�4ú���	�
jm()[6]. /0[\©Ë

��ª«¬�(G"V�÷®¯:xy���	Äp�[1~12]
°¼. Y1�²}~(} 3, }

4), ?@A6B.Äp�
/0©ËX 0.200 ~ 2.324 µg/g, ��¥o 1 µg/g (�o/0[\�

Ë·� , �Sy���jçY1 , ±�ûO²}Äp�
/0[\é5); LREE/HREE�1;
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δ EuX 0.452 ~ 5.141, δ CeX 0.997 ~ 1.174.

� 2 �������	
�� (µg/g)a)

AP/% ZZ-19 ZZ-27 ZZ-38 ZZ-45 ZZ-57 ZZ-61 ZZ-79 ZZ-81 ZZ-87 ��� CV F

Li 10 12 7.6 3.0 10 8.1 6.4 11 5.0 11 8.2 13 0.63

V 10 2.9 4.5 4.1 7.1 2.2 1.2 1.0 1.3 1.1 2.8 230 0.01

Cr 5 11.4 4.5 19.6 12.8 9.5 12.5 21 7.5 18.1 13.0 185 0.07

Co 10 1.8 4.5 1.8 2.6 1.6 2.2 1.5 4.9 1.6 2.5 29 0.09

Ni 10 6.0 4.5 4.8 7.3 4.4 7.6 5.4 6.2 5.1 5.7 105 0.05

Cu 3 9.4 4.5 7.7 11.6 9.1 8 7.7 8.5 8.7 8.4 75 0.11

Zn 2 7.2 7.7 3.2 2.97 8.0 2.54 4.43 6 3.29 5.0 80 0.06

Ga 3 0.88 0.58 0.77 0.57 1.06 0.35 0.42 0.39 0.39 0.6 18 0.03

Ge 10 360 25 22 25 160 29 43 5.6 34 78 1.6 48.86

As 10 35 4.7 10 2.9 5.8 5.0 14 4.1 17 11 1 11

Rb 2 3.49 2.55 1.95 2.47 5.4 2.5 2.57 1.61 2.21 2.8 32 0.09

Sr 6 5.8 3.7 2.2 4.1 5.9 4.5 5.2 5.9 nd 4.7 260 0.02

Y 5 0.80 0.17 0.39 0.21 0.68 0.16 0.14 0.20 0.26 0.33 20 0.02

Zr 5 1.66 1.31 1.56 1.75 4.9 0.77 0.6 0.21 0.71 1.5 100 0.01

Nb 3 18.6 6.5 27 3.7 19.3 5.0 6.4 0.31 1.02 9.8 11 0.89

Mo 3 1.68 1.02 1.55 1.56 1.40 1.29 1.82 1.25 2.76 1.6 1 1.59

Cd 10 0.07 0.06 0.04 0.04 0.09 0.08 0.05 0.04 0.09 0.1 0.098 0.67

Sn 10 1.2 2.1 0.9 1.1 1.9 2.2 1.0 1.2 1.8 1.5 2.5 0.60

Sb 2 17.0 4.50 10.8 1.83 28.1 1.57 6.6 1.79 1.69 8.2 0.2 41.04

Cs 2 6.19 4.18 2.47 6.0 5.6 6.9 5.7 3.76 3.32 4.9 1 4.90

Ba 3 70 44 14.8 42 390 40 67 60 210 104 250 0.42

Hf 10 0.12 0.02 0.04 0.05 0.13 0.01 0.01 0.03 0.05 0.05 3.0 0.02

Ta 10 0.03 0.02 0.01 0.01 0.05 0.01 0.01 0.01 0.01 0.02 1.0 0.02

W 10 29 3.7 9.8 6.3 17 2.9 2.6 6.3 7.6 9.5 1.0 9.5

Tl 5 0.66 0.07 0.27 0.05 1.34 0.15 0.66 0.05 0.61 0.43 0.36 1.19

Pb 4 1.25 0.99 0.81 0.75 1.43 0.66 1.08 0.68 1.02 0.96 8.0 0.12

Th 3 0.19 0.09 0.09 0.06 0.45 0.02 0.07 0.04 0.08 0.12 3.5 0.03

U 2 3.25 1.21 5.62 1.35 4.28 1.46 0.84 0.14 0.30 2.05 0.91 2.25

a) AP�����, CV�	
����, F������/���	
����(����)[19]

?@Äp�/0[\
ª«¬�(G"Y�V

���³xQ÷®¯(& 7), 4]T
���	Ä

p�
/0[\Y�V���n�. ?@A6BÄp

�
/0[\ª«¬�(G"V���]T
��

�	Äp� IJ
´ Ce µ-[1~12], ��I1
d

Ce µ-. ¶·4?@Äp��5o+�,-J7.

J��}~, �5o¸¹º.»�E�Sº� ,

-¼Í.
δ Ce(�ûO)Y%X 0.29 u 0.55, *S+

_�,- Ce ´µ-¤~S, ½ðXdµ-(δ Ce X

0.90 ~ 1.30)[7].

4.4 ������

?@A6B. 11 ªÄp���
2Ô3\Y1�

²(} 5)}~, δ 18OSMOW �"�¬X 10.9I ~15.7I, �ûO 13.5I. 4¾¿5¯Äp�


 4 ������ Al-Fe-Mn ���[1,11]

�. �������� !"#�$; %.  !"#$
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δ 18OSMOWO(1.9I ~ 5.2I, 3.3I ~ 12.4I)[11]

`�À�"#5¯Äp�
δ 18OSMOWO(21.6I

~ 26.7I)[21]w�~SÁµ, �4�ÂÄÃ.


δ 18OSMOWO(12.2I ~ 23.6I)[22]� QE.

5 �������

5.1 ��������	

�oAuÄIJqr
Ð�æÄÅ���

�E
ÆÅQÇÅÈÉ��ÊË.`n�
ÌÍ

���(Ge(OH)4 u Si(OH)4)��w�, A�x

y�Îh¦.
 !"#gXn�oÄ
èjR

ÇÔ3\ê. y�ÏÐT, S+ Ñ�Íu6�

.�A 1 ~ 2 µg/g, Ge/SiÆÅ�QE 1Ò10−6. Ó

����uÀ�5¯
ÔÕÍ.
 Ge/SiÆÅ�

PX 1Ò10−6, 4 ÑOQE[23]. 4Ö×��º

uS+�Í.
 Ge/Si ÆÅ��� , �Ë.


 Ge/Si ÆÅ�m8Ïxy, *P�Sy��

�., Ge/Si ÆÅ�u Ge ØB�ÎB
�8*

�� [23 ~ 26]. Ù± , ÚÛ�º�åJÜÝ


Ge/SiÆÅ�X(8 ~ 14)Ò10−6,  ��Ö�.


Ge/SiÆÅ�(0.54Ò10−6)�Þ,��.
 Ge/Si

ÆÅ�(0.7Ò10−6)8Ïxy [24]. ßà �8t


 Ge/SiÆÅ�X 10−5, 5D Massif Central�

Â�.
 Ge/Si ÆÅ�½ð8î 10−4~10−3[25].

��uÖ�.
A�ËY%X 0.05 ng/gu 0.03

~ 0.10 ng/g; 4Ö�u����, A� ��

u�á T�.��á�. �� ��.��

�A 1 ~ 15 ng/g, Ð8î 40 ng/g. ßà �

�.A�Ë�"�¬X 2 ~ 30 ng/g, £PA�

Ë4�Î©���d�7[25]. ?@A6âbH²ÎÂ�.
A�ËX 3.5 ~ 44.1 ng/g1).

Kraynov[27]GHÐ8�Ë
AÏH�IJTã�¥Qy¥qr
��.: 8Î�Ê'ä�

��Ë8u8åB. A�Ë4æ± Cl−, HCO3
−, H2S u Na+zjm
õ��3�
�ËçÚ�

�d�7, }~A¤4¶á�3��5���. Sy� ��u },-
2"·Û8, `�

o¤·Jè �5± Ge2+, GeOH+Q Ge (OH)2z�NA
���. ¯�, 4Än�
éNA`

ê2���
��w�oë��uá�J�p
 }��
Sy�ìí��.[23]. é|��

2"A
Ê'B4ÎB�~Sd�7, A
ê2���
Ys4 pHuÎB
î�78uÄ


ê2���n�. �:, Ge(OH)4(aq)u Si(OH)4(aq)À5ï��ð
SñÁ%, ·ò�4�AÄ

1) � �, ���, ���. 	
���������������(����). 1996

� 5 ��� U-Th��[5,11]

�. TAG � !"#$; %. Galapagos � !"#$; &.

Amphitrite� !"#$; '. ()� !"#$;*. +,

-./0� !"#$; 1. Langban � !"#$; 2.

345$; 6.789)!"#$; :. ;<�$; =. >?

@�A� !"#$

� 6 ���� Fe-Mn-(Cu+Co+Ni)�10�	��[4]

HN,  B!"#; ND,  B45; ED, +,-.� CD!

"#; CR, � E3F!"#; HD, � !"#$; RH, ()

� !"#$; F, Franciscan� !"GH$
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Íó��
ÊË.
Ge/Si ��ÎB�"ÏH·S�". Ù±, ôõ}~, öÎB¤ 25÷ø8

ï 500÷, 4�AÄ�Í(Ca(Si, Ge)O3)��
ÊË
 Ge/Si�����¥�Ëù. ¶48Î 

Ñ×�.úËï
8 Ge/Si���û[23].


 3 �������������(µg/g)a)

�

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

0.301 0.589 0.033 nd 0.061 0.006 0.064 0.013 0.068 0.021 0.067 0.014 0.079 0.014
ZZ-19

0.269 0.574 0.059 0.162 0.076 0.020 0.057 0.009 0.067 0.019 0.063 0.008 0.075 0.013

0.144 0.253 nd nd 0.017 0.004 0.014 0.005 0.024 0.002 0.021 0.002 0.013 0.003
ZZ-27

0.118 0.259 0.026 nd 0.033 0.010 0.021 0.003 0.020 0.004 0.015 0.001 0.013 0.003

0.068 0.139 0.012 nd 0.013 0.005 0.013 0.004 0.021 0.005 0.017 0.003 0.027 0.006
ZZ-38

0.082 0.149 0.011 nd 0.017 0.004 0.018 0.002 0.022 0.005 0.015 0.002 0.032 0.006

ZZ-45 0.220 0.348 nd nd 0.020 0.003 0.021 0.004 0.027 0.005 0.015 0.004 0.016 0.002

0.566 1.242 0.096 nd 0.108 0.016 0.104 0.017 0.089 0.018 0.048 0.011 0.061 0.007
ZZ-57

0.544 1.394 0.141 0.406 0.114 0.024 0.101 0.015 0.087 0.021 0.047 0.009 0.059 0.011

0.056 0.089 nd nd 0.002 0.002 0.005 0.002 0.013 0.002 0.014 0.003 0.017 0.002
ZZ-61

0.032 0.073 0.006 nd 0.015 0.011 0.009 0.002 0.012 0.003 0.006 0.002 0.019 0.003

0.167 0.275 nd nd 0.032 0.003 0.013 0.003 0.018 0.004 0.013 0.003 0.015 0.002
ZZ-79

0.121 0.271 0.029 nd 0.025 0.013 0.020 0.004 0.023 0.004 0.009 0.001 0.015 0.002

0.092 0.144 nd nd 0.009 nd 0.007 0.001 0.014 0.005 0.021 0.004 0.016 0.002
ZZ-81

0.059 0.120 0.009 nd 0.013 0.016 0.015 0.003 0.019 0.005 0.018 0.002 0.019 0.004

0.259 0.413 0.007 nd 0.003 0.013 0.025 0.005 0.046 0.006 0.020 0.004 0.025 0.006
ZZ-87

0.129 0.249 0.024 nd 0.022 0.035 0.027 0.006 0.034 0.006 0.012 0.004 0.025 0.003

ZZ-88 0.030 0.063 0.005 nd 0.009 0.010 0.004 0.002 0.011 0.003 0.013 0.001 0.018 0.003

�IJ@ 0.34 0.91 0.121 0.64 0.195 0.073 0.26 0.047 0.3 0.078 0.2 0.032 0.22 0.034

a) ndKLMNOPQR, �IJ@STU WatakiVW[20]


 4 ���������������� a)

�

XREE� LREE HREE LREE/HREE δ Eu� δ Ce� (La/Yb)N� (La/Sm)N� (Gd/Yb)N�

ZZ-19 1.482� 1.156� 0.326� 3.551� 0.623� 1.132� 2.395 2.386� 0.665�

ZZ-27 0.633� 0.551� 0.082� 6.722� 1.032� 0.978� 6.520 3.005� 1.139�

ZZ-38 0.404� 0.305� 0.099� 3.078� 0.910� 1.093� 1.645 2.868� 0.445�

ZZ-45 0.810 0.716 0.094 7.615 0.452 1.000 8.897 6.309 1.111

ZZ-57 2.324 2.058 0.266 7.725 0.567 0.967 6.328 3.152 1.406

ZZ-61 0.233� 0.176� 0.057� 3.083� 2.599� 1.111� 1.582 2.969� 0.329�

ZZ-79 0.677� 0.602� 0.075� 8.084� 1.138� 0.942� 6.212 2.898� 0.931�

ZZ-81 0.362� 0.285� 0.078� 3.677� 4.487� 1.129� 2.792 3.936� 0.532�

ZZ-87 0.762� 0.635� 0.127� 5.000� 4.106� 1.345� 5.021 8.901� 0.880�

ZZ-88 0.200� 0.145� 0.055� 2.635� 5.141� 1.147� 1.078 1.912� 0.188�

a) YZ�IJ@ST�[\RMNOPQR]^_`a[\bcdeV. ΣREE, LREEf HREEghUµg/g


 5 �������� !�"#$%

ijHk il δ 18O/m(SMOW) ijHk il δ 18O/m(SMOW)

ZZ-19 13.9 ZZ-61 15.7

ZZ-27 13.8 ZZ-74 12.6

ZZ-38 13.6 ZZ-79 14.3

ZZ-45 10.9 ZZ-81 13.3

ZZ-57 13.3 ZZ-87 13.5

GnH

ZZ-89 13.6

GnH

-o 13.5
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� 7 ����������&'(�)*�"+,-

������, ��	
�������, ���������(�)���. ���

 !"#� 5.6 ~ 360 µg/g, $% 78 µg/g, &'()*)+� 49,, -�./� !���0

���1����.

5.2 ��������	
��

� 2
1N b 2", 3456789:;�<=>?, @A 4BCD�EFGHIJK(L 8). �

� 8 ����.�/01��2345�67

(a) qr, (b) /r�, (c) /r%, (d) /r&. 1. s; 2. tus; 3. vus; 4. _wGnxH; 5. GnH; 6.yH; 7. z<H
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MFG2N8;OP!, 2NQR 10 m, STU29U2O5, V#WX; �#�<=YZO

78 ~ 1800 µg/g, ��[�2N:\]^. "M_FG2NS#`� a!O8;, #P!W

N, 2N#� 31 ~ 440 µg/g, ��2N8\b:\�[]^. � !cO"M�67�8;d

WN, �efgh�67ijkl. mn��/o� !�2", �#�pqrs. "MtF

G2NSNu� !O8;, "\�� !bvw!WN, 2"�#�O 1100 ~ 2500 µg/g.

"MFGx"� !ynz�2{�#��|}O 1600b 2100 µg/g. ~���-�, ]�2

6�h�����9��/o� !�efgs���. ������, �]�9]���H

�/2�'�, �������]^��� "���, ���2"������y���

2N, ��2" ¡]^b6=. h¢��, �����£�¤¥��¦§�¨, ./���

��©ª«(� !).

5.3 ���������

¬®¯-�, ���6°2"��¨�h�'±²�³´µ¶·!�¸, ¹J�H�

/2�'�º»¼½¾�, ¿SÀÁO/2Â«�Ã�[16]9¶·!Ä=��[18]b��ÅÆ�

�[13]ÇÈÉÊ. Ë�®¯ Ì, Í���&Â«¡Î�Ï¤ÐÑ, s�Â«V¿�]^��

�[28]. /2Â«]^J�6=�ÒÓ¥� 4%[18]. �nÔÕ��Ö�×�ØÙ�, ¶·!Ä=

���ÉÊÚÛÜÝ�6=Þßà�#���/oNu� !�áâ#2�(N1b
2)�2", �

�g\ãä����!�zB#2�(N1b
4b N1b

6)"Ú�6=.

åæJ���6°"V�Nç9V�èD!éHI1ê�ÐÑbëwÐÑ|ì. íî-�,

h N1b
4#2�"�Ú62ÕK, ïð�6=ñ��òó, ���6 N1b

2#2�"#62�ô

õê�ÐÑK+(ö÷& U/Th, Nb/Ta b Ga/Ge)h� !øOkn, Ú62�ê�ÐÑôõK

+h¶·ùú!K¾kn(- 6). hû����«ÕK, ����«�ëwÐÑüýþ!©�

=�»SÕJ]^HREEOôõ, �î2"�&�./� !������, ��ïð2"�

�]^d����ñ���ò, #�2�ëwÐÑ|	�»
�økn����«(� !)

�ëwÐÑ|	�». �- 7"¿S�, ïð2"�#���ò, #62� LREE/HREE �

� 6 �������	
���������(���)

�� �� ��� ���/µg	g−1 Rb/Cs Zr/Hf Ba/Sr U/Th Nb/Ta Ge/Ga

1 
100 0.740 1.984 1.649 10.24 8.038 73.46

5 100 ~ 200 1.013 2.194 2.604 2.766 6.951 62.24

6 200 ~ 1000 1.019 6.028 2.741 7.182 14.99 144.9

6 1000 ~ 1500 1.178 5.378 2.412 18.68 51.39 313.7

6 �1500 1.520 5.697 2.223 9.477 78.10 334.8

�

���
2

1N b

�� 1.171 4.656 2.437 9.654 37.56 210.9

8 
100 1.262 11.56 24.29 18.22 12.92 10.28

8 100 ~ 1000 1.799 8.179 4.037 5.179 38.16 75.41

7 1000 ~ 1500 1.369 14.10 3.120 7.759 181.8 260.5

4 �1500 1.464 48.51 10.34 22.92 1530 644.7

�

���
2

1N b

�� 1.478 20.64 11.57 14.03 458.9 252.8

��� 4
1N b 5 2.545 20.90 4.755 0.771 14.07 0.565

��� 2
1N b 10 0.584 35.12 15.81 27.15 497.9 106.6

����� 1
1N b 1 16.89 15.43 3.023 0.593 2.885 0.127

������ �� 3 5.087 1.700
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� 7 �������	
�������������(���)a)

��� ����

Ge ��

/µg	g−1

Ge
/µg	g−1

!REE

/µg	g−1

LREE
/µg	g−1

HREE
/µg	g−1 LR/HR δ Eu δ Ce (La/Yb)N (La/Sm)N (Gd/Yb)N

1 
100 79 8.866 7.594 1.272 5.970 0.538 1.111 5.596 3.681 1.122

5 100 ~200 130 18.52 15.98 2.539 6.294 0.394 1.079 6.910 3.047 1.612

6 200 ~1000 490 28.74 23.27 5.469 4.254 0.435 1.049 5.037 2.515 1.262

6 1000~1500 1300 48.49 36.53 11.96 3.054 0.285 1.133 2.065 2.002 0.876

��

����

6 �1500 1600 30.05 19.96 10.09 1.978 0.248 1.064 1.245 1.876 0.594

8 
100 45 29.16 25.21 3.955 6.373 0.389 1.152 5.465 2.473 1.461

8 200 ~1000 340 25.45 21.33 4.120 5.177 0.379 1.032 4.836 2.261 1.412

7 1000~2000 1400 19.16 13.39 3.462 3.748 0.347 1.086 2.385 2.043 0.827

��

����

4 �2000 2400 18.22 14.43 3.785 3.813 0.335 1.095 2.672 2.243 0.777

���� 5 
1 0.64 40.61 34.94 5.675 6.157 0.457 1.104 6.196 2.652 1.777

���� 10 78 0.840 0.702 0.151 4.637 0.529 1.136 4.671 3.889 0.834

���� 3 3.7 82.50 72.46 10.04 7.216 0.222 0.888 6.429 2.068 1.741

��� 1 2.52 118.0 96.36 21.68 4.445 0.109 0.910 3.599 2.303 1.006

a) LR/HR=LREE/HREE

���, (La/Yb)N�(Gd/Yb)N����	
��

�������. ���(�100 µg/g)���

��������� !"#$%&'(�)

*+,-./����%&'(01 , 234

5�����67�8)*�+,-./� ;

9��(:1000 µg/g)������� !"#

$%&'(��	
������%;'(

01(< 9). =239��>��������

?1�@ABC�)DE , FGHI�	JK

LM��NO��(PQ������RST�

�).

6 ��

UVWXYZ[U\%]3^_��`�

���a�	bc
�: (1) ���def

g��	bchi, ���jO9kl@$!�m>n23o
����	�JKpq

��r�o
pqjs0t. (2) ���$u
%U SiO2 (vw 92.77%)x6, Al/(Al+Fe+Mn)

yzx 0.004 ~ 0.028, vw 0.010. >bc@� Al-Fe-Mn
�{|<}�, ~������

X�>�	bc@�. (3) ���3������� Ge, Sb, As� W, Cs, U, Mo� Tl��t

�����, Co/Niyz�� 1, U/Thyzj� 1. >bc@� Fe-Mn-(Cu+Co+Ni)� U-Th{|

<}�, ~�����X�>������	bc@�. (4) ������O��, ��

�� 1 µg/g, ���������"#$%&'(�v�������. (5) ~����

δ 18OSMOWzx 10.9� ~ 15.7�, vwz 13.5�, ���� ��δ 18OSMOWzy¡��. �

�¢x����£�¤¥�¦r, >§qE���£¨©�ª. ���«� 5.6~360 µg/g,

vw 78 µg/g. ¬�������«O3�9. ®¯���«O��°9, «���±

� 9 �������	
��������

�
�������

1. ��"#$ 10 µg/g %�; 2. ��"& 10~100 µg/g %�;

3. ��"& 1000 ~ 2000 µg/g %�; 4. ��"�$ 2000

µg/g %�; 5. ���; 6. ������; 7. ���
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²NO��yzR������� !"#$%&'(������01. ��[¢x

^_��`��$�³´"µ.

¶EL·, ¸5¹x^_��`����aº0�	bc
�, ���67»¼��

ro
�tp��U�	
���x"µ��	JK½M¾¿
�ÀÁ�.
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