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(���������	, �� 210093; 
������������	, ���� 344000;

������ ��!"�, #��$ 257015)

�� �� 13������	
�� 700������	
�, �� 47����

������, �������� !� 13"#$�%&�
�� 101"#$�%

'(). ��*+: ����,-./�#$�%01, 23�%456(65.875.4)

mW/m2; 8$9�%�:;<=>?@ABCDEF, ABG�HI9�JKLMN

�OP9�%/, QABCD#�R�9�%EST; U=R�456(67.475.3)

mW/m2, /VW945), XYR�6(66.076.1) mW/m2Z[\R�6(65.173.7)

mW/m2, @W945).]^, _`R�6(63.675.0) mW/m2, TVW945). &a

b, 8$9�ABCD�8cHIdR�OPefJKL�ghijklmn�, M

N�OPo@pq�ghijklEF. r�, ����#$�%OP>?eJKL

stu�vwxy�.

��� ���	 
�� ���

���������	
�����������������. �������


������ !"���#�[1], ��	
��$%!"&'(��)*+, ,-./01

2��34�	567�	�� 89. $:;<=>?@A, ����B�C�D�?4�

C������EF4GHI�J EFKLM�NO7BPQ�RS�TUKVWXYZ
[2~5]; [:\��]^_`7ab!"NOcdefgThijWXkl [6~8]; mn, \�o

p4\�qrstuv\�Pwx����$:kl[9~11].

yz{|�}~��de\��WX�^�q. �! 30 �����, ���-4���

����12�de��, �����,����������-��(Es4-Ek)����(65 ~

42.5 Ma, ���-�� ��-�)¡d�x�¢��£4¤U¥���¦Q. �� Es4-Ek�

de��tuNO§;¨©ª«\��F¬#�4ab®7�� !"c,de��^4¯

°7±². :m, �yz{|³´�µ���NO¶$, �·)¸\�P^¹4ab_`c�

	�� !", ºw§;¨©\�ª«�tX»©, ³¼:yz{|defgTh7\�^

¹�� NOijWXkl.

yz{|���NO¶$;':½¾¿ÀÁ, Â½ÃlÄÅ��ÆÇfÈÉ�ÊË�y

z{|��q��Ìl[12~14]. Í0ÎÏ�de����Ð, ��ÆÇÌlÑÒ¢Ó, :¸P

2002-08-06%&, 2002-10-20%'(&

* )*+,!"-./012(34: G1999043302)5������678912
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���NOij�ÔÓ124[Õ�Ö×fÈ. ØÙklyz{| 13 ÚÆ��ÛÜÇÌl7

700ÝÚÆ�ÞdÜÇÌl, vc 47ßGà�áâÜÞEã, ÊË�yz{|cnä� 13<

��åÜÌl7 101<��æçè. Ä�Û�éê�yz{|���që#�.

1 ����

yz{|�ì}~�\�¥í�, �;<î“\ïð”EF, v\:ñ�-4��òÒ|-

Ò{-{|ó>\�[15], �� 26000 km2. {|
�ñXôõ¥ö4÷ø4ùb7úûK�<ü

|cýþq�ü|��nä��P�µ{|-�ýþ���^(� 1). P
��òD�Ò��

� 1 �������	
����

	, 
��¥�4���7Î¥����Ö�Ò�, �¾�����m���F^����

Ò|���R��Ò�. �Ö7F¬¯���`, �P��G��V;U�Jb, ��-�

&���[ 10 kmv�. \��	!"-!ÍV"#�G$D�. l%Æ·), �P��ò

&'Gqë(� 2¿).

2 ����

yz{|ÆÇfÈ���)*d+�3, NO-ij. ��NO.�k/0[Õ�Æ

ÇfÈ. å1NO23[12], �4��P5Æ�� 7 d v�, Ü��ÆÇ6ò����Ç�.

Ø7NO8²�ÆÇÌl5Æ��9:! 7 d, ;�<=Ä��ÆÇÌl 1).

�ÞdÜÇ>?, �ÛÜÇ6Ô@A�BC���DåÇ�, %0Eç��îVÔF�

[Õ?, BNO\����GqWX. �� 3[H, �P 13Ú�ÛÜÇÆ�Ç�ÌlÍ���

1) ���, ���, ��	, 
. �����������. ������(���)
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� 2 ������������

¢ÓIJ?KF�LM, Nw�O«�á«

�ÇP#� . �0NOP��ÛÜÇÆÄÅ ,

¿v�Eç���*%����ÞdÇ�Ì

l. Q�NO�3, ÞdÜÇs6RBC\�


��Ç�, �\��ÇPqr�WXkl[12,16].

3 	
��

�STUU6[V, ����áâ�Eç

���ÖØÌl. Ø7NO��“WX”��1)ª

ÉY²� 34 ßGZà[�Ö×�, \]� 13

ßGZà[, ³´�áâÜÞ, AÜ^�_0

3.0%. §`Gà�G?ñX�aG7bG, <

c:&^G. Gà]=��òd��òe��,

ÖØ�ò��\���f��ñXGHgc .

h Beck[17]7 Brigaud[18]iË�o«Bþà�á

âÜÞEã³´�ª��áâi�. mn, j

k%�lmn�4���NO-GH��áâ

ÜÞEã. &oÛE�Ë�yz{|e�Cq

�p9�áâ, lmqr�¸P���áâs(� 1).

� 1[H, �����tu� Es1~Es4©���áâÄv, 9_0 2.00 W/m�k−1, §[6

�¸©Gàa3��ÄFVÀ[19]. ¼wN�, ��xy�áâxF. ØÙ���Eç�z{

1) ���, � �, � �. ��	
����������	
������������ . “!"”#$%
&'()*�+,-(./: 85925a080109). ��0	1234� 56, 789�:;�<. 1995

� 3 �������	
�	�-��
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Y%v�����áâ. è�@Ë��, 6|���Eç��áâ�]à�}~7Eç��

�}>�, ��å1�$-�d������, ��d��ÌGà]=�Î%��Æ©7�

��, �0Æ���_, ��>�, GH�56?3ÖØ;�, ¿v[�:¿%Gà��áâ

îV���ò�?.

� ��������������

>?@� ABCD� EFD� GHD� IJK� ILK� IMK� INK� OPD� 5QR� SQR� TSR�

>R/� Nm Ng Ed Es1 Es2 Es3 Es4 Ek Mz O-C−U Pre

VW� 2.04 1.97 2.09 1.9 1.70� 1.81 1.98 2.23 2.22 2.87 2.83

XYZ[\�

/W�m−1
�k−1

�

X0.34� X0.26� X0.14� X0.30� X0.17� X0.50� X0.50� X0.49� /� /� /�

]^_ a)
� 3(2/1) 7(4/3) 5(3/2) 6(4/2) 7(5/2) 7(6/1) 4(3/1) 5(1/4) 1(0/1) 1(0/1) 1(0/1)

a) `/5a_bcdefghiga]^j_
�

4 �������

��������	�
��������. ���� 13 �����������

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

�23�
�, 4567�����.

�����89:

,GKq ×−=
)-. :;: q << ����(mW/m2); K<<�
�(W/m�k−1); G = dT/dZ<<���(=/km).

>?@A��BCD���BCEF. GHI@ 2.

� 2 �������	
����

��� ��� ��� ���
�	


���/m ���

���

/W�m-1�K-1

����

G±SD/ ·Km�
-1�����

���

/mW�m-2

����

/mW�m-2

1 � 60� 118°05 � 37°28 � 400 ~ 1130 Nm-Ng 2.01 37.2!0.12 0.986� 74.7

400 ~700 Nm 2.04 31.4!0.04 0.998 64.1
2 " 16� 118°15 � 37°36 �

800 ~1800 Nm-O 2.15 30.6!0.09 0.997 65.8
65.0

3 " 17� 118°17 � 37°35 � 500 ~1850 Nm-O 2.19 32.3!0.14 0.998� 70.8

4 # 33� 116°50 � 37°04 � 1290 ~ 3500 Nm- Es3 1.89 28.0!0.19 0.996� 52.9

900 ~2000 Ng-Es3 1.90 33.4!0.13 0.99 63.5
5 $ 8� 117°24 � 37°34 �

3000 ~ 3800 Es4 1.98 28.0!0.07 0.991 55.4
59.5

400 ~1330 Nm 2.04 33.6!0.10 1.000 68.5
6 % 37-31� 118°37 � 37°54 �

3500 ~ 4194 Es4 1.98 38.9!0.10 0.996 77.0
72.7

7 % 118� 118°37 � 37°55 � 3200 ~ 3800 Es2-Es3 1.80 37.0!0.10 0.999 66.6

8 & 11� 118°58 � 38°01 � 2700 ~ 3800 Es1-O 2.06 31.8!0.13 0.997 65.6

9 '� 21-10� 118°44 � 37°54 � 2000 ~ 2900 Ng-Es2 1.92 35.3!0.13 0.993 67.8

2250 ~ 2450 Ng 1.97 33.1!0.03 0.999 65.2

2750 ~ 2850 Ed 2.09 34.8!0.02 0.999 72.710 '( 131-4� 118°58 � 37°52 �

3450 ~ 3550 Es3 1.81 34.1!0.04 0.996 61.7

66.5

11 )* 8� 118°02 37°55 � 350 ~1300 Ng-Ed 2.06 33.4�0.10 0.999 68.8 �

500 ~1000 Nm 2.04 30.0!0.05 0.996 61.2
12 + 673� 118°15 � 38°02 �

2200 ~ 2650 Es1-Es4 1.84 38.2!0.06 0.997 70.0
65.6

13 ,� 30� 118°56 � 38°13 � 2200 ~ 3400 Ng-Es2 1.92 30.0!0.19 0.989 57.5

"!JK� !, LM�NO7PQ 101R��S-�. GHI@ 3.
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� 3 �������	������

��� ��� -���/m� ��� ���/mW�m-2 ��� ��� -���/m� ������/mW�m-2
�

1� . 8� 2095 Es2 66.7 52 $ 2� 2528 Es4 65.0

2� / 102� 2452 Es4 72.7 53 $ 32� 2470 Es2 69.8

3� 0 3� 1200 O 71.4 54 $ 12� 1802 Es3 65.7

4� 0 4� 1060 Es4 81.5 55 1 5� 2323 Es4 63.3

5� 23 6� 882 Ng 68.6 56 1 7� 2454 Es4 64.4

6� 4 95� 2682 Es4 69.4 57 5 8� 1200 Ng 74.2

7� � 19� 1512 Es3 66.5 58 5� 4� 3911 Es4 61.6

8� �6 1� 4410 Es4 62.7 59 7 15� 3049 Es3 66.1

9� �6 5� 4007 Ek 62.8 60 '� 34� 3475 Es3 70.9

10� 8 4� 2794 Es3 70.2 61 '� 83� 2301 Es1 78.0

11� 9 114� 2318 Es2 67.0 62 '( 30� 3644 Es2 66.7

12� : 3� 3140 Es3 61.0 63 '( 32� 3762 Es2 67.1

13� ; 1� 3080 Es3 59.0 64 < 2� 1832 Ek 68.2

14� ; 10� 1180 Es1 57.7 65 = 152� 2650 Es3 69.7

15� > 12� 1427 Nm 67.7 66 =� 14� 1034 Ng 79.7

16� ? 8� 1221 Ng 64.4 67 =� 451� 980 Ng 75.1

17� @ 12� 2600 Es4 65.1 68 =* 11� 1811 Ed 70.7

18� A 16� 784 Ng 80.2 69 B 27� 3750 Es4 64.5

19� C 9� 2600 Es3 64.2 70 BD 29� 3491 Ed 65.9

20� E 11� 2146 Es2 55.9 71 F 358� 2641 Es3 69.0

21� G 60� 2845 Es3 61.4 72 F 803� 2174 Es3 69.6

22� H* 1� 1090 Es3 73.3 73 I 58� 3090 Es4 66.3

23� J 15� 1108 Nm 62.4 74 K& 101� 3487 O 59.2

24� L 19� 3085 Es3 58.8 75 % 109� 3478 Es4 65.6

25� 3� 4� 1331 Ed 62.5 76 %� 28� 2500 Es2 64.4

26� M 5� 1322 Ed 57.4 77 %* 323� 2951 C 62.4

27� N 2� 2773 Es2 57.0 78 %� 7� 3426 Es4 60.6

28� O 52� 3068 Es3 62.2 79 P 27� 1900 Es1 74.5

29� O 61� 1900 Es2 74.0 80 & 70� 3106 Es2 66.8

30� Q 69� 2900 Es3 64.0 81 &* 13� 4459 O 62.7

31� R 50� 2278 Es2 61.7 82 ) 253� 4193 Es3 64.2

32� S 67� 3158 Es3 61.1 83 ) 407� 3414 Es3 67.5

33� S 71� 2600 Es1 64.4 84 ) 409� 3404 Es4 66.5

34� T 921� 2753 Es4 66.9 85 )* 1� 2525 O 69.4

35� " 410� 1317 Es1 71.6 86 )* 17� 2220 Es4 69.7

36� U 10� 2300 Es2 59.1 87 ) 25� 3668 Es4 64.4

37� U 140� 3391 Es4 67.4 88 + 656� 2365 Es2 60.2

38� V 8� 4225 Es4 57.7 89 + 95� 3401 Es4 63.5

39� " 11� 1850 W 71.0 90 +* 61� 2138 C 58.1

40� # 101� 3900 Es3 58.8 91 X 171� 1256 Ek 67.1

41� Y 83� 4355 Es3 55.3 92 X 25� 1000 Ek 65.8

42� Y 95� 3339 Es2 55.3 93 X 3� 1433 Es4 60.7

43� Z 17� 1800 Es3 64.8 94 X 323� 1500 Ek 64.0

44� Z 21� 2000 Es3 64.6 95 X 61� 1377 Ek 67.7

45� [ 4� 1700 Es3 66.8 96 X 80� 1799 Ek 66.6

46� \ 744� 3500 Es3 69.0 97 X 90� 1711 Ek 63.4

47� \� 1� 3052 Es4 67.0 98 ] 3� 815 Ek 66.6

48� ^ 27� 3250 Es2 66.0 99 ] 6� 633 Ek 58.6

49� _ 2� 2609 Es3 63.4 100 ,� 38� 4009 Pt 64.4

50� ` 15� 1915 Es2 68.4 101 ,� 4� 3036 Es1 64.4

51� `D 9� 1609 Es2 68.8 102 � � � �



a � 4 � 	
��: ����������� 389

ET/0@U [20], VWXYZ[\�	]R^Y_�, ��`a�bc&, _�d*e

Yfg]Rh�i�, 3��jk�lm�nop, *ReYqrsZ[t�ullv��

]wxyz, {R_�d��zl|�}~��. ��, {i��zl�M�������

���. ]$��zl���������, � !����, �������)-��

 !, Z)-������M. ����)-�LM����	 &��¡¢@£
¤�

¥¦�� !.

�M§� 114 R�¨©�
[13,14]ª@� 7 R�� !, «x.QVWXY����b¬

( 1).

5 ��������	


4��b¬®B( 4)¯®°±., §�

���©;�b¬� 60.0 ~ 70.0 mW/m2²R�

1. �;Z 65.0 ~ 70.0 mW/m2y³b¬´�µ

�, F¶QVWXY���·�����.

VWXY�¸r������¹º» 52.9

~ 81.5 mW/m2, 23»(65.8¼5.4)mW/m2. D;

½�¾���23��(61¼15.5) mW/m2[21]E

¿ , DÀÁ�/0gH	]Â� [22]. �i@¸

»Ãz¥¦:

(1) ÄÅeY���¹ºZ 55.9 ~ 81.5 mW/m2y³, 23»(66.0 ¼ 6.1) mW/m2, ÆÇV

WXY§�23���, DÀÁ�/0gHE¿[23]. eY�ÈÉ�ÊÉ����·, bËÌ

» 70.7 mW/m2� 72.9 mW/m2, �;ÊÉ�ÍÎ������ 80.0 mW/m2; eYdÏ���Â

» 62.8 mW/m2, �;�Ð¡ÑÒÓh�;Ô��Õ� 60.0 mW/m2; eYtÖ×ØÙ���3

�� 70.0 mW/m2, Ú¸eYdÏ���Û, tÖ·�UÜ¥¦.

(2)ÝÞeY�����¹º» 52.9 ~ 69.8 mW/m2, 23»(63.6¼5.0) mW/m2, Û�ÄÅ

eY. �;ßàáY»���µÛ�Ïâ. �ã�ä��D§�23�E¿.

(3)å�eY�����Z 57.7 ~ 79.7 mW/m2y³, 23»(67.4¼5.3) mW/m2, æDÀÁ

�/0gHE¿[24]. çè¡éÈ¡éÊÓ�����E��Û, ÆÇeY23�; 5ê�Ò¡é

ÄÓ×Ø���E��·, �� 72.0 mW/m2; ëÄ×Ø����µ·, Z 75.0 mW/m2Ã�.

(4) ìíeY�����¹º» 58.1 ~ 69.7 mW/m2, 23»(65.1¼3.7)mW/m2. ÊÉÙ�

�Ì» 67.2 mW/m2, E��·. �îïáY�����Û, Ì» 62.1 mW/m2.

ðñ, XYñº�òÈeY23��»(64.5¼3.1)mW/m2, óÕ�VWXY.

ôi�õ, VWXY���öC��¥¦D÷øùúÚ>ET, ÷øû�×Ø��üý

¢þ�%b¬���·, 5÷øùú��eY���E�Û. #	��eYdÏüý¢�(

h������
��Û , 5eYÖº�×Ø��ÉÙ�
��· , 45�ý“��	”


�[25], �g�CeY�×Ø��©, GHZeYdÏ�gÛ���, 5ZeYÖº�×Ø

Ù��ÉÙ�g·���; ���¯Ã±.VWXY��E��·��äDüý¢þ�%b

¬÷���( 1¡ 2), @U��Düý¢�%�����ET.

� 4 �������	
���
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6 ����	
����

§���°�GH@U����·ÛD�������µ�]��������p��

�ET[26]. ��-��p�� ü, ��� ·. !"#_�	;üý¢�$%_�, Z�g

&';, %()$%*+, ,�)�-, Z.z%()�g�/0i, 12�³�34, ��

�5*6C.d�^78�9��, F¶Q#R�5*&'sZ:;. ;½ÄÏ9 ;ü

ý¢$%_�<��#]¥=. VWXY�»!"#_��]Ïb, ��üý¢�>%()

�9>?@, �.*+, �A£
���·, BCQ�XY���·�����. ��¥¦	

_�g�&'�F¶, #»DAVWXY��gExFGQ��BH�"!.

VWXY�·���IJ	üý¢��-��pBC�. å�eY�23���µ·, 	

�»��÷ø^�KöLM, bN&`, %����´O�Â. ÄÅeYæ��·���IJ

�, #D�eY��.E��+, $%��, PfúÏ���9�T. ÝÞeY»_��

Û���, ÝÞeYâ�VWXYèÊÏ, 	_�dªQgR�S�eY, ��üý¢��-

��p��TUfèÊCÄÈV4, �Ã��W�ãeYÛ. EW�5X, ÝÞeYh�QY

(�üý¢h����, æ	�eY���Û�]RZ�. 5ìíeY���üý¢�>%

()$%E��Õ, %����[, �Ã, ��IJ�æÛ�å��ÄÅeY. ZëÄ¡\

]Ò¡ê�Ò¡^_¡`aÓ×ØÙ��gbÏ·���, �g]obceY�c�Ù, De

Y�×Ødef>���g^�]Â. ��¯Ãh»VWXY*R��ij��IJ·Ûg

k��2_��g&';�.*+�úÏ^lÙ�%���'�.

_���mno/0h»[27,28]pVWXYüý¢q�D¸¢�EÇ, r;ý¢q�s

UÜ·��qý¢¡üý¢Ãt¸r�, @U��Z;ý¢u.¸&·�/0¸v. ���

w�m/0@U 1): _��gx>(Ì 65 MaÃÀ)�q����Ì» 79.5 mW/m2; 4_��g

�q 32.8 Ma, ��Q]�ys&', q��zzq 66.8 mW/m2; 32.8 May�, ����{|

}�~, �A_����]�����; 24.6 ~ 15.6 Ma�, ��_���~���, �7�@

��{���~, µ·��P 73.8 mW/m2; 12_�zh:;Æ�h�, �@��æ|}z

z, zq¸r� 65.8 mW/m2.

VWXY¸r����·�À�����(41.8 mW/m2)¡��9�(60.7 mW/m2)¡���

(42.3 mW/m2)Ó���C�[12,29,30], rÛ����¸¢�¾l�(97.0 mW/m2)¡�½_���

�(83.0 mW/m2)�üý¢�����[31], æÛ���"_�(84.1 mW/m2)¡Ê"_�¡;�"

_(89.9 mW/m2)Ó�¾d��%_�[32,33]. D!"_�����(65.8 mW/m2)E¿[19], ���

����C�������y³�¥����.

� � � �

1 ���. �����	
����. ������, 2001, 44(2): 171 ~ 178

2 ���. ������������� !. ��"�#$, 1998, 13(5): 447 ~ 451

3 %&', ( ), * +. ,-.��/01�2345. ������, 1996, 39(6): 794 ~ 803

4 %&', ( ), 678, 9. ��:;<=��/0>�-	?�23. ��"�, D@, 2000, 30(AB): 117 ~ 121

1) CDE. FGH�:IJK�LMN45OPHQ�)
RS(TUVW, No. 940106). XY����"�S. 1994
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5 [\], N^_`abc, 9. defg�h
�23O	?�ij. ��"�, D@, 1998, 28(2): 97 ~ 104

6 %&', klm. HQ����45. XY: XY��nop, 1989. 20 ~ 42

7 qr�, qst. uv���	wx. "�y�, 1985, 30(13): 1008 ~ 1010

8 Lee Y, Deming D. Heat flow and thermal history of the Anadarko Basin and the western Oklahoma Platform. Tectonophysics,

1999, 313: 399 ~ 410

9 0z�. HQ��{|}~��. �Y: 0H��nop. 1999. 55 ~ 74

10 Shen P Y, Wang K, Beck A E. Two-Dimensional Inverse Modeling of Crustal Thermal Regime with Application to East

European Geotraverses. Journal of Geophysical Research, 1990, 95(B12): 19903 ~ 19925

11 ���, qr�. �������45
�����#$. ����, 1995, 2(4): 171 ~ 179

12 ���. ����. �Y: "�nop, 1988. 1 ~ 218

13 qr�, ���. �������	{���. ����, 1988, 2: 196 ~ 204

14 qr�, ���. �������	{���(��o). ����, 1990, 12: 351 ~ 366

15 ���, � ¡, klm, 9. ¢£¤K3¥LMOP��3¥¦§. ¨©����, 1999, 5(3): 275 ~ 282

16 Springer M. Interpretation of heat-flow density in the Centeal Andes. Tectonophysics, 1999, 306: 377 ~ 395

17 Beck A E. An improved method of computing the thermal conductivity of fluid-filled sedimentary rocks. Geophysics, 1976,
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