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1908���� !"#	�$%&�'(� Pd, Ni, Co, REE, Ti� Sr)*+�,-,.

/0123 4~354. � !"#	, Pd5Ni, Co, 6REE789:;<=�>?@, A

BC*+�D� #	EF:>?@, GHIJK:;>L�MN, O�����

P. � !"#	 REE �QRSTU�VWXY�Z[.\]^, AD� #	�Y

�Z[_`ab, cd�(La/Yb)N ` 2.1~3.2, edE` 7.0~143.2; �������	

REE 5STU��.1` 10~100, A� !"#��	�f.1` 1 gh; ij!"

#� Ti/Ni.1kl Sr/Co.15mn�>�, GHBC*+,-Fopq�r�Rs

tuv, Awq����� xy�, ���P�z�op5QRSTU�>{, |

opwmn. }~, ��� #	 Pd �,-��, ��3���P�R��� 107�,

���� 126 m.

��� �����	 
�� ����

1908 � 6 � 30 ������	
�������(60�55�N, 101�57�E)������

����� , !" 2150 #$%&'"()*+,-[1], ./��012345�6

7, 889:;<. =>, �?@;<�AB@�CDEFGHIJKLM� NOPQ

� RS. TU,6V����� WTXYZ�[\�. ]^34_`a�bcOd�e

fG, g: hQi:c[2]jkQi,:c[3]Klmc[4]n.

goa�bcO�p�� , qr� NQstuvX�w. xy�, Fesenkov[5]z{|

2}	~�
 Muont Wilson ��������{, ��������� ���@��

��� NQ�vV�ew�. TU, �CI��� ����N��bNQa���

��� NOPQ@���. ����(PGEs)n����a���bNQ��@� ¡

¢�, T`£¤¥� PGEs¦§a�¨ 104©105ª [6]. �«34dU¬9:��«@®

¯°. Ganapathy[7]���±5 1908 �²³�´µ��, �C� Ir¶·. ¸a Rochia n[8]
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�±5¹º²³�AB@�C Ir¶·. TU, @»¼�½r PGEs¾¿5ÀÁÂ, ½r

Ganapathy n¾ÃÄo@ÅÆÇ. xy�, go����� ./ÈÉ��³� PGEs ¶

·Ê, ÉËÌwC�� ��ÍÎÏÐ. Korinand�������N9:��ÑÒÓ¾

Ã, �C Ir �xÔ³�Õµ` 17.2×10−12g/g, Ö×ØÙ(3.8×10−12g/g)Ú 3©4 ª[2]. ÛÜ

17.2×10−12g/g  Ir Z��¨#ÁÕµ 20×10−12g/g '"(, ¸ZÀÝd�bNQ����

®. Nazarovn[9]Þ�C�xÔ³��N� Ir¶·. Houn[10]ß�ÑÒÓ¾Ã$Ç�xÔ³

��N��C� 0.54×10−9©0.24×10−9g/g IrKlÎà����¶·, A9�á¯°�� N

OPQ. Rasmussenn[4]�� �â��xÔ³��C� Ir(39.9×10−12g/g)I 14C¹á¶·.

Hou[11]nãË�äåAæy�xÔ³��N� Ru, Rh, Pd¶·, ¸?çºè@é, ��êë

§�ìí�d��¶·WT9:îïð¯°.

ñ�ò`ó, @6���� xÔ������ô½õ�V Ir. `�ïÓAöæ Pd n

��¶·÷ø��lÎ�bùT, úû� Hou n[11]üý�, }��þº�§, �C Pd,

Co, Ni, Y, Sr, TiI REEn���dÉV 1908�xÔ³ÏÐ��¶·, 9>Ö�¥��°\�

Pd� Ni, CoI�REE¢�È6P, `¯°� NOPQ¼	�
{.

1 ��������	

ú�¾Ã��ºèç��� �â��K� 2km ����(� Kolesnikov n[12]û

�� 1), ï§'"a��wñ�� 65 cm � . `��ê 1908 �xÔ³?dÉï§ ,

Mul’diyarovn[13 ]����������N� 1870�X 1927�¢��������Ó'"

` 0.3©0.5 cm. Ub, ���ºèÏÐ�þõ� 3��� !"ºè(#$: 1k, 3k, 4k).

��hºè��% 3cmþ��º(w 1), A&'ºè�)zI�(n)N. �*+�

� 1 �������	
��

���� ����/cm ��	
��/g ������/mg ���/%
T1 0 0.70659 13.31 1.88
T2 3 0.56470 8.68 1.54
T3 6 0.49844 5.67 1.34
T4 9 0.64128 6.83 1.07
T5 12 0.54092 4.64 0.86
T6 15 0.58474 4.42 0.76
T7 18 0.63032 4.46 0.71
T8 21 0.73660 4.36 0.59
T9 24 0.58697 3.54 0.60

T10 27 0.84823 4.31 0.51
T11 30 0.70325 3.22 0.46
T12 33 1.09642 6.44 0.59
T13 36 2.83236 63.66 2.25
T14 39 1.53996 28.75 1.79
T15 42 1.71372 31.67 1.89
T16 45 1.30531 20.75 1.51
T17 48 1.17585 15.31 1.30
T18 51 1.44013 21.34 1.48
T19 54 1.60542 25.49 1.59
T20 57 2.02305 32.38 1.60
T21 60 2.02503 32.00 1.58
T22 63 1.97033 25.48 1.29
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105,�-. 4 h, /0(KU1`����Õµ
{), =2¾39:�Ó(200,, 2 h)I4Ó

(500,, 5 h), 4Ó�� 0.46%©2.25%'"((w 1). u4Ó2ºè56X�7 Teflon89

�, } 1 mL HF, �:;<�=>?@, AXÐ-. }ð 6 mLBC, }7=>?@DE2, F

}ð 1 mL HClO4, A-. s2, }ð 1 mLG HNO3lHµ'IÑC};¼ç; ?J56X 25

mL KµL�, } Re I In (M, NOX 25 mL, 1`Pº?J. uPº?Jß VG- PQ2 Q

ICP-MS �ê, ÄoRVw 2. ß2SMTºè GSR-1 d¾ÃQµ9:UV. WVXY���

ºèÈÉMºZU����¾ÃÄo, `U[\]^_`��a¾Ã$Ç[14], Kbæ�

���¾ÃÄo. $Çc�é¾3`: 101Ru, 0.06 ng/mL; 103Rh, 0.01 ng/mL; 105Pd, 0.001 ng/mL;
193Ir, 0.001 ng/mL; 195Pt, 0.002 ng/mL. d�¾ÃI�PÁ��2e3f�Q��eNg��?

"khijkÓlmynoDù.

2 
�

�w 2I� 1JKÆ�, ���� ����N� Pd, Ni, Co, Sr, Ti, Yl REEn´µ

��Á�ºè T13©T19(dÉï§` 36©54 cm, pxÔô½ìí³)��C��q¶·. r

� Rasmussen n[4]ç�� �âºè��C Ir ¶·stÈÐ. ��Nºè T13(dÉ

ï§` 36 cm, pôxÔ³)� Pd Õµ` 317.4u10−9g/g, Ö×ØÙ(&xÔô½ìí³¢b

ºè#ÁÕµ)Ú�Ð 10ª, Ti, Ni, Co, YI����¾3Ö×ØÙÚ 4, 8, 10, 35I 15ª(� 1).

� 36cmï§v�´µ��Õµwxyv=z{, PdG§� 36 cm (T13)X 63 cm (T22)�

�v� 6ª, Co, NiIN(|µ}¾3�v� 5, 3I 9ª. WV���� ����N��

¾`����N, ~@����P, C��1ßJ�ur«��lÎÓ�N���6, �

�¶·���C� 1908 �ÈÉ��Nºè¢�, ¶·¦§xyv=. Sr �Îà��¶·

st@?À¹, J�aWV��ú�ÍÎÓ�NÓ3PQ�Îà��@�¶?�, ~OW

T�À��.

3 �

3.1 ��������

�xÔ³ÏÐ��¶·WTÀb�K� 4�$�: (1)q·����NQ�µ�}; (2)

����v=; (3)�(�NQ��; (4)����� ���bNQ�}.

�Îà�ÔüúÀ����, go����NQ�}Í���§v=, �=���

�N���� ��(g PGEs n)Õµ�¡, T`�bNQ���� ��Õµ½¢¢Ú

V�¨NQ, £Îa����, �¤½Ú� 4©5 ��µ¥. Ganapathy n[7]¾Ã�ç�£#¦

§¨��N�¾I�©����eª, �C 11 �����eª� Ni � Ir B@DEÈ

6P, Þ«a¬q·����NQ�����¢�B@È6P, T`©�À¹�bN

Q®O. ���xÔô½ìí³��N� Pd� NiKl Pd� Co¢�Á~@¯�È6P(�

2(a), (c)), >�q·��³�r«��}À~@È6P(� 2(c), (d)), w�r«¶·��~@¹

°P, TU\ÀJ�W����NQ�}Í����v=?�.

ß� ±��NQ(g"k��NQ)��Þ�K@Or«��¶·. �����

NºèÏÐ 3�"kºè(1k, 3k, 4k)N(²¾�(� 3)JKÆ�, ÎN(²¾³´µw¶·
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� 2 �������	
�� ICP-MS���� a)

�� T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12 T13 T14

Co 0.08 0.10 0.09 0.10 0.11 0.11 0.11 0.10 0.08 0.10 0.09 0.19 1.60 1.09

Ni 0.88 0.70 0.37 0.53 0.46 0.38 0.52 0.43 0.33 0.65 0.43 0.76 5.69 3.69

Pd 21.6 23.5 21.3 22.3 23.2 24.0 23.0 22.6 30.5 27.6 39.3 19.4 317.4 229.8

Ti 5.66 8.99 7.92 10.97 11.49 8.30 6.82 4.68 3.80 4.99 3.05 4.08 25.12 17.60

Sr 7.59 5.73 4.90 4.67 4.29 3.70 3.24 3.19 2.98 3.68 4.21 6.45 3.61 20.19

Y 0.07 0.08 0.06 0.08 0.08 0.07 0.07 0.06 0.06 0.05 0.03 0.05 3.01 2.21

La 108.0 132.4 89.9 145.9 127.6 184.8 182.1 150.4 124.4 160.4 167.8 93.1 1080.0 855.4

Ce 234.2 287.3 190.6 274.8 255.1 394.6 406.5 321.8 242.8 320.9 276.9 193.8 2779.0 2128.0

Pr 15.3 17.3 3.6 15.3 8.4 22.3 25.8 22.1 12.0 26.6 21.0 12.6 430.1 315.6

Nd − − − − − − − − − − − − 2006.0 1344.0

Sm − − − − − − − − − − − − 491.8 344.3

Eu 7.3 6.5 7.3 6.1 4.0 5.0 4.2 3.6 3.0 4.3 1.5 3.8 122.2 92.2

Gd 13.9 22.7 10.1 17.2 11.2 18.5 20.3 13.3 14.1 15.7 12.2 14.9 561.3 412.4

Tb 1.4 1.2 0.3 2.0 1.5 1.7 1.4 1.2 1.0 1.5 0.1 1.3 82.2 60.2

Dy 6.6 4.7 0.8 7.6 4.9 6.2 5.4 3.3 0.7 5.2 − 5.2 469.4 339.4

Ho 1.6 2.3 1.3 2.1 2.0 1.3 1.3 1.6 0.8 1.2 0.2 1.6 108.8 75.2

Er 6.5 8.6 7.7 7.2 9.0 7.5 6.1 5.9 4.0 5.1 2.6 5.8 332.2 227.0

Tm 0.8 0.9 1.2 1.1 1.2 0.9 0.8 0.9 0.7 0.8 0.3 0.6 49.7 35.0

Yb 2.3 4.1 2.7 2.5 3.4 3.1 5.3 2.2 2.3 3.3 0.7 3.7 308.8 202.8

Lu 1.0 0.9 0.8 0.7 1.0 0.8 0.8 0.9 0.6 0.7 0.3 0.6 45.8 31.2

(La/Yb)N 28.5 19.0 20.0 35.0 22.3 34.9 20.4 41.4 32.4 28.5 143.2 14.8 2.1 2.5

�REE 398.8 512.5 336.8 504.6 452.3 670.9 684 550.5 438.4 574.4 524.3 357.9 9185.0 6693.0

�� T15 T16 T17 T18 T19 T20 T21 T22 1k 3k 4k GSR-1 ���

Co 0.90 0.74 0.54 0.45 0.50 0.35 0.31 0.33 63.3 39.8 45.7 3.5 3.4

Ni 3.11 2.16 1.65 1.69 1.79 1.58 1.56 1.66 140.1 19.0 13.5 3.4 2.3

Pd 223.1 186.1 135.8 139.4 113.1 95.1 74.1 49.8 <0.25 <0.25 <0.25 <0.25 n

Ti 17.53 11.64 9.92 9.36 10.49 8.91 12.53 8.24 10837.8 5634.8 8534.3 1743.5 1738.3

Sr 19.24 22.23 24.96 21.96 18.24 10.01 17.24 18.15 210.5 203.5 207.4 127.4 106.0

Y 2.11 1.35 0.84 0.61 0.38 0.16 0.20 0.16 32.8 50.6 68.2 58.7 62.0

La 976.4 557.0 311.1 241.0 227.8 219.5 318.5 229.9 9.8 21.4 27.0 57.5 54.0

Ce 2340.0 1338.0 762.4 566.4 487.1 387.7 649.4 483.0 51.2 51.6 60.9 136.6 108.0

Pr 325.9 185.0 107.0 75.0 58.4 38.3 69.7 50.4 3.3 6.8 8.3 13.9 12.7

Nd 1382.0 706.0 298.1 202.6 119.8 16.1 160.1 78.9 15.6 30.9 38.4 49.7 47.0

Sm 331.2 192.7 106.5 78.3 53.6 21.1 44.1 32.9 4.6 8.4 10.0 10.8 9.7

Eu 87.5 50.7 31.6 25.3 18.9 9.7 14.3 10.9 1.6 2.6 3.1 1.0 0.9

Gd 384.3 240.2 142.9 105.1 76.5 41.3 56.8 44.9 5.8 10.4 13.2 11.3 9.3

Tb 56.2 34.0 21.6 15.4 10.7 5.3 7.1 5.4 1.0 1.7 2.1 1.8 1.7

Dy 322.5 200.3 122.0 89.5 62.2 29.6 37.5 28.5 6.0 10.3 13.5 10.7 10.2

Ho 69.5 44.1 26.0 20.0 15.8 6.4 7.4 5.9 1.3 2.2 2.8 2.2 2.1

Er 206.2 127.1 81.1 62.4 49.3 19.0 21.4 17.1 3.7 6.1 8.0 6.9 6.5

Tm 30.7 19.2 12.2 9.6 7.8 3.0 3.4 2.6 5.4 0.9 1.2 1.1 1.1

Yb 182.4 113.8 75.8 62.2 49.7 18.7 17.6 13.2 3.3 5.2 7.2 7.6 7.4

Lu 27.9 17.3 11.8 9.6 8.0 3.5 2.9 2.0 0.5 0.8 1.1 1.2 1.2

(La/Yb)N 3.2 2.9 2.4 2.3 2.7 7.0 10.8 10.3 1.75 2.5 2.2 4.4 4.3
�REE 6946.0 4012.0 2245.0 1701.0 1358.0 913.4 1483.0 1054.0 113.2 159.3 196.9 312.5 271.6

a) ��	
����� T1~T22��� Co, Ni, Ti, Sr�Y������ 10−6g/g, ���������� 10−9g/g; �

��� 1k, 3k, 3k�� !� GSR-1�"#������$� 10−6g/g . “−”%&'(), “n”%&*+�
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� 1 ����	
���������������

-� Ti, Ni, Sr� REE������ 10−6g/g; Pd������ 10−8g/g; Y� Co������ 10−7g/g

� 2 ����	
������� !"�#

(a), (c), (e)%&./01234���56�789; (b), (d)%&:;�4���56�789
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�, �������	
 10�100�, ����� Pd, �������������. ��

������� !"#�������	$
 1 %&(' 3), ���()*�+,����

��-.�	, /��������012���345627�89.

� 3 ����	
��$%&'()* REE+,-.(/0�12�34

:;<=, >?@��������"#ABCDEF>?@GHIJK5L27MN

�OP. Q�������RST"#�-UVL, WXYZ[\R� Pd � !"#]^�

_`
ab-UV(' 2(e)), �������+,�cdefgh-i, �\j�klmn

o(' 3), pq(La/Yb)N��	m 2.1~3.2, �rqsm 7.0~143.2(/ 2). tuvw/�tx"#

ABy�-�z{, |>?@HI��, ��HI2}�zdDE�~7�����i.

3.2 ��������	
��

����� Halley �����OP/�������d�~7�����i, �l�~

(F~7����� 8�)�\j��ZV"#, �: H, N� Zn�[15].

1908 ����012 Ti/Ni ��	m 4.4, � Halley ��� 0.84[16]am�&, ��) Cl

� 0.04[17], �();5�� 150[18]. �+, ����012R Sr/Co��	(2.3)�����(�

m����)��	(1.1) [19]-&, � Cl� 0.014[17]�& 100�, �;5�� 35[18]�( 15�. �

L, ����012R Pd/Co��	(0.2)�;5���	(5 10-5)[18]-�l�&)�����

�	(1.1 10−3)[17](C¡¢�£¤4��R� Pd/Co �	). {¥, >?@HI}DEFzd�

~7�����i�2}, �lDEF��.

¦§>?@GHI��¨©� Pd ª«¬R
������� 36~54 cm R, �.�+,

m T13�T19(/ 1, ' 1), \j�k� Pd m®	. ¯°, ±Q®	r, ²³´µ+,�¶

· 0.12 g¸cm−3, D¹º»�HI<¨©�¼½ Pd �>^m 340 ng¸cm−2. ¦§>?@5¾
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2000 km2�5�/¿�ÀÁHI<¨©� Pd, ¯°Â>?@GHI<¨©� Pd�]^m 6.4

 106g. �PHI2}mzd�~7����-�i��}, ~7����� Pd Ã^m 560

 10−9g/g[17], Â¥DÄ»HI2}7^GKm 107Å. Â)HI2}
4Æ5¿�pZ©HI,

{�\¶·C(, Çm 1.1 g¸cm−3[7], Â¥º»�\ÈÉÇm 126 m. ¥	� Ganapathy[7]�Ä

º	(ÊÉ 160 m, Ë^ 7 106Å)-&.

.Ì;=Ä»Í£, ²³���� REE AB�+D¹Ä»�HI2}�Ë^GKm 7 

107Å, ÈÉm 250 m. tÎOP�ÏÌ PdÄ»��OPÐ�vx, DEFÂ)\R� REE3

4Á5627�ÑÒ89<K. �¼ Pd� REEÄ»�OPÓWvK, Ô�¹;Ä»OP�D

ÕV.

�PHI2}F��, ²³ 1995� Rasmussen�[20]�Ö×OØÙÙÚ}27(�Û)�Ü¼

ÝÎ��� 5%, ¯°, >?@HI2}�7^.m 2 108Å, ÈÉÇm 356 m.

¹;�Ä»	DEFÞß�, {m>?@GHIZ©
à5/ 8km áâ�Gã�R[21].

{¥, «dHI27DEdä4låæ�5¾, çèéä4ÝÎ5�/¿.

4 ��

(1) ²³>?@5¾�.) 1908���01�+,R Pd, Ni, Co, Sr, Y, Ti� REE�"#

�ABgh¹ê Pd� Ni, Pd� Co, Pd� REE�-UV, �mtx"#�ABFÂ)>?@

HI��JK5L27�MN<ëì�.

(2) ²³�������� REE ����íîïcdðñ�ano, ¹ê Ti/Ni � Sr/Co

� Pd/Co��	�ghÔ�>?@HI2}DE�~7����zd�i, CDEFò�. \

7^G) 107Å, ÈóG) 126 m.

�� ���������	
�������������������� , �

!"#$�%&�'()�*+,-./, "012345�6789:;�2<+=>.
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