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1. IJKL; 2. M-�N�L; 3. �N�L(����COPQ�IN�L); 4. IN�L; 5. RSTUVW; 6. RSTX�

W; 7. SYT; 8. �YZUVW; 9. SYZUVW; 10. [\; 11. ]^+_^`a(; 12. 012(�-�T8)

1 ������

�������(� 1)	
� 14000 km2, �
�
���� 5000 m, ����
. ���

������������ ����!"#$%&'�(��)*+,-./.0,12

34�,, 56%��)789,1:3;<,[7]1). =(�>(��)#� *+,?@A

BCD�EFG?1HG?, I��J�KL�MNO�P QRR?. ./.0,, 234

�,56789,CD�SEFG?1�EFHG?T�FHG?-U?6R?, I��V�

R?��W'XYZ, [\],G?(^_`abOcYde. :3;<,CD�fghi

?1fgj?. ���k�!NlmnoYp, ��V��
?!��'qrs�tu v

wxyz{|}(~�Z��?�-���?�). I��� 4]�
�!�C ,(, �789

,~��#��!�t�����, =� 3],����t/'��. Ik�%, (���!

'����������; � �¡%¢£4��¤����, �!!¥"V�J¦§¨x

© ª«; �
? xys�¬§J�V­®¯°.

���V± �¡²³ %¢£4��´µ¶(, ·¸¹º-»��º�
�!5¼�½
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hi?T^_`?�
�C, ¾NO¿B ÀÁ@�
; (-·��º�
CD���G?1

HG?, TÂP¼�hi?!. �%¢£4��VÃÄÅ Æ-Ç}gM, OÈNlÉÊ��

Ëv�LB�
�!1ÌÍv�L ÎÏÐ?Ñ, ¾'�¦ÒÓ ����![8�10](� 1). Æ-

ÇM5V�k¬NlÉ�	
 [ÔÕ�bÖ×Ø?@1»(��ÙÚ?ÑÛÜ?�. I�

���JLÝÃ, CD'�¦ÞÊ�ÙÚy?@, 56ÞÊß1à	
'� Ê���!.

I(·��º-»áâºãä, åÆ-Ç}gMæçC��Jèé �êëìíî}1ï

oðñM. Li Ñ[2]ò�, ���k�ÆÊ-Çóôõ}gM·(��}gz{¦� î}xö

¦ 3 ä: (÷)(-·��º�J èé1�øùú; (û)·��º ��éüz{1ýþ}gM

 ��ü�Ív; (�)»áâº �J��� ��èéÍv6�øùú.

2 ��	
��
����

����?@,���%� , �����
´µ¶(G?�	
,�!�� 61%�

73%(� 21
�	)
). 5������G??@AB��'>��@G? 1), ���ô��,

�>CD�?iÐG?1�@?iÐG?Ñ. �� 137]?@���#��, '�I��V�

 ./.0,1234�,, ?@hi,�(@��PÝ 	hi�P 35%�55%, �@

15%�30%, ?i 25%�45%, $J� !+,�@�P�"YZ, ~� 25%�35%. #xy 

G?(Ð×�P��'I 15%�25%��. I$�'�%, �V?i�P¦¯% ª«, �'

~� 45%�55%. ��, ��J�?i,�CD�%Ö@�-xy?i6fg?iÑ, V��


? ?i�P�"YZ.

hi&' �à()*�
?@�+,-��[11,12]. �°.?,/� ~Xo, ���

� 52 ]?@01'2345(-½'G?z�'267"c. CÞ8,-9'267�:�

XRF; ;<Þ861=PÞ867>{ ICP-AES 1 ICP-MS �:, ?@� JA-1160, 3§AB

�yCD67(EF�.

3 ��������

����1 �¡%¢£4�����G??@�+,-G¦5#×H�I:

(1) �������
,G? Al2O3, SiO2 6=��XJ�¿B ÐG?ý3JÝK,

$��@G?L�MG?NOtu[11,12]. ¿B ���M�� �@G?Ý 5P�Q�@

1 K �PZ��� , RXJNOZ� 1, �SI 1.5�15 �� . �������G? 

K2O/Na2O ý3XJ� 0.91, TUNY¿BÐG? ��, ��@G?L���MG?tu.

I Pettijohn  G??@,-'A�[11]%(� 2(a)), VWX¦01YIZ[IÐG?(E\õ?)

k, ��#6]���X^_ b`ÝK.

(2) �� 4 ],G?;<Þ8�P(aREE, bc Y)ý3J� 145×10−6, LREE/HREE� 5.27.

Eu/Eu*J� 0.62, �ý3(-©��1Ê��ÐG? Eu des�('f� 0.601 0.62)��Ý

K, TUÉghÊ��
? Eu i,�I[13,14]. ;<Þ81=PÞ8��XJ Th/Sc, Gdn/Ybn

56 La/Yb, 3Z�Ýj¿BÐG?ý3J, $ La/Th×H�u.

(3) ����G?+'k@lm, REE '�no��%Ì�p;<(ÑPqB(� 3(a)).

1) b 1219cde 1
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(a)ghi[11]; (b)ghi[15], �Cjkl��ghi[16], mk_ CR(no\p)qrs�t. ARCunvwx; ACMuyz

o{; PMu|zo{(W}�~���g������, *�������); CRu���_o�����; (c), (d)ghi

[12]. ^`.���_��: no\p�W: Rcdghi[16], Rcn[rs���], Rnwghi[18], Rfcghi[19]; �o���

��}�W: Fsw ghi[20], Fmr ghi[21], Fag ghi[22], Ftl ghi[23], Fap ghi[11]. (n �u^`��)(Fe2O3T=

Fe2O3�0.9+FeO)

� 3 ������	�����
 REE ������������

(a) 78_I�����N� �W¡¢R£��¤k; (b) �W LREE/HREE¥ Eu×100/¦REE§+��¨
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��ýþÆ-Ç}gM��, å¨<ü��K�����'���� E-W  JV\]M(� 1),

~�NJV\�'G?;<Þ8,�¦NOpr. VM REE no�s�"XYýtu01'

�Yq( , $JM Yv¾'w . u0 , I LREE/HREE " Eu×100/aREE �%JM 

LREE/HREE XJNOZ�VM, ¾u/�I'w(� 3(b)). \x�3TUNJ� p;<Þ8�

"Pqs�YVMy°, �%¢£4��G?REEý3no"z, p;<Pqs�§V�J¯Z.

(4) ����� ²³ %¢£4�����G?CÞ8-;<Þ86=�=PÞ8��

J��%��. �%¢£4��aREEYZ�, �'��J{������. �V� %¢£

4��¤����J�, REE1=PÞ8XJ3O|N­®¯Z x,ª«.

4 ��������	
��
�

I Roser1 Korsch î}}~�f�[15](� Murphy�|[16])%(� 2(b)), VWX¦G?0

1IZ'�IÍv��KLk(ACM), $��Ëv��KL(PM)L��(KL)�Ê��G?

�S'�k(CR). u0, I Bhatia  î}�²�f�[12]%(� 2(c), (d)), ����G?01I

��'YIÉÍv��KLk(C k). =(, ��J� �'G?,-CPÞ8 YI'�I

Bhatia  ����k(B), ~��NJÃ¶�k�����'���É[���(��×Ø) 

fghi¶y. IG?CÞ8%xP(11 ]�,¶)î}�²�f�s�[12]%(� 4(a)), ���

�G?/�I�Z'�IÍv�L1����k. =(��V�01��%/[IÍv�L

� 4
(a) 78���W F1¥ F2©ª«¬­®¨[12]; (b) Th-Sc-Zr/10©ª¯°«¬¨[17]; (c) 78���W F1¥ F2±�«¬­

®¨[24] ; (d) La/Th¥ La/Yb�²³´µ�«¬¨[23](^`+¶(·¸-¨ 2(b))
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k, $��J� ¬�''�I����k, ��NJ�G?y%��ÜÉfg¶y. ��G

? Ýj��;<Þ81=PÞ8 î}}~'2�O|N�CÞ8u0 �fb` . I

Th-Sc-Zr/10 G?î}�²�f�[17]%, G?01I���'[IÍv�Lk(� 4(b), C k).

%�'2b`O|N%�tu�f�%X^b` Z�ÝK, ����]��y��Ik�

î}xö[2] 56����'2Ñ�	X^_ [��� ò��u.

Roser 1 Korsch ����î}}~ tuhi?,�?@,-��, �þ%xP(7 ]�

,¶)�f�s'2, ��N 4 ���¶�ëB[24]. I¶�k�s�f�%, ����G?I

��'[I���_ofg? P3�k, Â�'I P4 @�y�
?�k(� 4(c)). P3k 

_of�?¶�k��(ofghi��ÐG?(P2 k)1@��PYZ ���k��, h

i,��"bc���}gM1��³� �
hi�Ív��?��56�'xy? �

�[24, 25].  ��Ív��KLhi¶y��, �K"¡�� 2(b)( ACMk.

I La/Th-La/Yb XJ�(� 4(d))[23]%, ����?,/�I'f[I\]k�(, O|N

JVhiI¶��¢% pr. V�01CD'�Iý3%�ø(UC)1ý3��ø(TC)I�

�, J�01��' La/YbXJ��ý3��øJ.

5 ��

�
¶,-Þ8I��
£# �+,-þ�r¤%�8()[12,25�27], =(5î}�²

1¶���¥�¦D[28]. §hi�
?$¨, î}Ív"?@,- ()CDTUI, "¦

� ¶�k©?oy6=hi,-�'ª>o «¬%. î}�² ª>�­, ®«¬É�


¶y ��, ¯°>É,-Þ8�±,²³´�
�sI�� �"“µÓ”ã�, �$(

)Þ8 ¶q·�L'¸s�, ¾I�
?@(Ó#Étu �+,-“¹º”. “»¼”�j½

¾#� �
?@,-“¹º”, ���¿À��î}oy1ÀÁhi¶y�� ¦ÂÃÄ.

����Ì�ÆÊ-Çóôõ}gM(��[��� [1,2], �5� “�M��” ò�Å

r, �� ÆI?@�+,-%�¡G¦tu ��, %�'2b`´'�ÇÈÉ[���

 bÉ. � 2¤� 4(G??@,-�� %�î}}~�f1"X3O|N, ��G?AB

Ê����%Ë�Ív��KLk, �¿B [���LÌÍ@?@,-�'��ÝK. �

�[���G?�æçI��×Ø% �M��G?�X, I\A�(YI'f[I�ÎY

� \]tuk�(� 2(b), (c), (d)).

Ý ÏÐ#, �¿}gM [���( ÌÍ@Ñ
ö��}g�s(�-�ÒÓÔÕ 

·äi,Ö×. §�Ø��Ív��KLî}}~, ��ÝÃÄÅuä}gM, $��C�¬

Ù×���Ó��%, ��hi�'G¦}gM1��Ú��� .Þ ¶��¢�I. Æ-

ÇM�Ê���(��Ív À�}gM, Û*(��ÜÝ-²³z{ Þß, [ä}g�s

ö� Ø¶56Ê¨Ëv�L1ËSñàálN� ÛÜ?Ñhi, �âÞÜ´[���(.

�� 1(�~5�N, I�ãÉ(��(56©��)�yi,�g, OÈÆ-ÇMC�'�k�

(��'(���
�Ë²³ä, ¾NlY�	
 Ê���!1ÙÚ?, ì6 Æ hi

�ã�åz�¶��Ü(��[���. æÛ*}gMçéÒè�Jéê, �Å [�k�

��øæ��#ën¾­®Þ�, âI����ÝÃ ��[Lö��" ì��í, uã

���³��G¦��oy ��hi. ��[������G?�»ä´·äL�V´J,
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?,��Xæ� x,1JVpr(� 2 ¤� 4), î����>î}}~#½ÓIG?( º

ï(�ðñXò, �óôõÉ). �óÝ]���, ���M��§�ö��uÝ]��Ó��

%, IÍx�s(��\ÃXØ� hi�'×H%�u. $[���uãÊr�¦óÝÃ

�Ó¶y }gMhi, 56[���XI�Ó ��×Øhi¶y, ��Cö%=��´

µ¶y�"\]�yi,ã÷tu ��Ó�, ���Ø�.Þ ¶��¢ CD���Ý.

6 ����

(1) ?@�+,-1?@-'2b`3O|N, (������ G??@ABCD�

�Sö�I°øî}Ív}~#Ñ
 ÐG?, $t�5�Xò� �@G?.

(2) (������G??@,-YICD'�IÍv��KLk, I%�î}}~1

¶�k�f�%O|NÉ'2b` Z�ÝKo .  ù|N��hiCD�"}gMÝÃ,

¾r´��ÝÃhiú¢(), hi��G¦[���X�¦ .Þ¶��¢�I.

(3) ���N, ����G??,���¿B [���G?�u. ~5ò�, ÆÊ-Çó

ûõ}gMI(��ãä î}Ív®«¬É��(-%¢£4)[��� ö�1æü, ¯�

�R���
´µ CDhi¶y�¢k.

�� �� S. V. Nuzhnov������	, 
��
�������������; �

������ !"#$%&'()�*+,,-./+�012	, 345678.

� � � �

1 )¹º, »¼½, ¾¿À, Á. ÂÃÄÃ�CÅN�ÆÇÈÉÊËÌÍÎ_ÏÐÑÒ. ��ÓÔ, 1998, 44(4): 407Õ418

2 Li J, He Z, Mo S, et al. The late Mesozoic orogenic processes of Mongolia-Okhotsk Orogen: Evidence from field

investigations into deformation of the Mohe area, NE China. Journal of Geoscientific Research in Northeast Asia, 1999, 2:

172Õ178

3 Ö ×, ØÙÚ, ÛÜÝ. �Þn�©ª�ßà*áâã. ����, 1994, 29(2): 105Õ119

4 Ren J, Niu B, He Z, et al. Tectonic framework and geodynamic evolution of eastern China, Proc. 30th Int’l. Geol Congr VSP,

Amsterdam, 1997, 6: 1Õ14

5 äÞ�, Davis G A, å æ, Á. ÂÃç�YZèá©ªÍÎéêë©ª¯°ìí. ���G, 2000, 74(4): 289Õ302

6 Davis G A, Zheng Y, Wang C, et al. Mesozoic tectonic evolution of the Yanshan fold and thrust belt, with emphasis on Hebei

and Liaoning provinces, northern China. In: Hendrix M S, Davis G A, eds. Paleozoic and Mesozoic Tectonic Evolution of

Central Asia: From Continental Assembly to Intracontinental Deformation. Geol Soc Ame, 2001, Memoir 194: 171Õ197

7 0123��456. 0123CD��î. �
: ��ïðñ, 1993, 168Õ191

8 Zorin Y A, Belichenko V G, Turutanov E K, et al. The East Siberia transect. Interna Geol Review, 1995, 37: 154Õ175

9 Zonenshain L P, Kuzmin M I, Natapov L M. Geology of the USSR: A Plat-Tectonic Synthesis. Ame Geophy Uni Geody Series,

1990, 21: 97Õ108

10 Khain V E. Geology of Northern Eurasia, (Ex-USSR): Second Part of the Geology of the USSR Phanerozoic Fold Belts and

Yang Platforms. Beline: Gebruder Borntraeger, 1994. 39Õ81

11 Pettijohn F J, Potter P E, Siever R. Sand and Sandstone. New York: Springer-Verlag, 1972. 1Õ618

12 Bhatia M R. Plate tectonics and geochemical composition of sandstones. Journal of Geology, 1983, 91: 611Õ627

13 Condie K C. Chemical composition and evolution of the upper continental crust: Contrasting results from surface samples and

shales. Chemical Geology, 1993, 104: 1Õ37



1226 � � � � (D �) � 33 �

14 Taylor S R, McLennan S M. The Continental Crust: Its Composition and Evolution. London: Blackwell Scientific Publication,

1985. 9Õ140

15 Roser B P, Korsch R J. Determination of tectonic setting of sandstone-mudstone suites using SiO2 content and K2O/Na2O

ratio. Journal of Geology, 1986, 94: 635Õ650

16 Murphy J B. Tectonic influence on sedimentation along the southern flank of the late apaleozoic Magdalen basin in the

Canadian Appalachians: Geochemical and isotopic constraints on the Horton Group in the St. Marys basin, Nova Scotia.

Geological Society of American Bulletin, 2000, 112: 997Õ1011

17 Bhatia M R, Crook K A. Trace-element characteristics of greywackes and mudrocks: Provenance and tectonic control.

Contributions to Mineralogy and Petrology, 1986, 92: 181Õ193

18 Ehrenberg S N, Siring E. Use of bulk chemical analyses in stratigraphic correlation of sandstones: An example from the

Statfjord Nord Field, Norwegian continental shelf. Journal of Sedimentary Geology, 1992, 62: 318Õ330

19 Ven de Kamp P C, Helmold K P, Leake B E. Holocene and Paleogene arkoses of the Massif Central, France: Mineralogy,

chemistry, provenance, and hydrothermal alteration of the type arkose. Jour Sed Research, 1994, A64: 17Õ33

20 Abid I A, Abbasi I A, Khan M A, et al. Petrography and geochemistry of the Siwarlik sandstone and its relationship to the

Himalayan Orogeny. Geol Bull Univ Peshawar, 1983, 16: 65Õ83

21 Singh B P, Fotedar B K, Rao A S. Petrography and geochemistry of the sandstones of Murre group around Laren, Udhampur,

Jammu Himalaya. Journal of the Geological Society of India, 1990, 36: 502Õ511

22 Bock B, McLennan S M, Hanson G N. Geochemistry and provenance of the Middle Ordovician Austin Glen Member

(Normanskill Formation) and the Taconian Orogeny in New England. Sedimentology, 1998, 45: 635Õ655

23 Shao L, Stattegger K, Garbe-Schoenberg C. Sandstone petrology and geochemistry of the Turpan Basin (NW China):

Implications for the tectonic evolution of a continental basin. Journal of Sedimentary Research, 2001, 71: 37Õ49

24 Roser B P, Korsch R J. Provenance signatures of sandstone-mudstone suites determined using discriminant function analysis

of major-element data. Chemical Geology, 1988, 67: 119Õ139

25 Roser B P, Korsch R J. Geochemical characterization, evolution and source of a Mesozoic accretionary wedge: The Torlesse

terrane, New Zealand. Geological Magazine, 1999, 136: 493Õ512

26 �òó, »ôõ, �ö÷. �ø�'ù�úû�ü�CÅSYZýÐWÏÐ©ªþ���. ����, D �, 2001, 31(7):

591Õ600

27 ���, �îÝ, ��	, Á. 
����
ÏÐ±à¡¢R£�~��ü�. ����, D �, 1997, 27(3): 193Õ199

28 )¹º. ���RSZ-�YZ��W¡¢R£�~��. �~��, 1988, (2): 129Õ135


