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LPM���Q��� ; AICDEPR!"L�N��Q��� . ST 1 U

K.I∆2θ °0.43 �23V, WXYZR�)7��8[. \]^_P`BaP, +�,-

./ Kübler 01bc�d, ��e/b���, fg��h��ij7^\]^_I

klmn45���opj]^qrTst, uv�wxyz�����h�. {]

^_BR|PR, }~7,%&'( 2200 nm�Q���a:;�a��. +�,��

�����������. ��v, ����/���, '(�����a�;�a�

�. ��7,*��7,W�T�������������	
��
. ��, ��

}~7,��������, 84� ¡¢£=��¤¥]�#$, b}~7,��

�
]^¦§*������.
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 [1~3].���	�
�!���"#$%&'()*+,����-.��/�01234.

556[4], 7899:;��<=>��?���1�@�5A4BC1�D!�!1�
�

�EFG%[5~7]1).

HIJKL5M�NOPD!6, *QRD!�!1ST�UV, JWXYZ 10 [\�

]^ST_`[8]. abOc�<de�fghi[9]�jklm-n@�_`�>olmpqrs�

tuvw6�xy@��z{|1}~�����������NOPD!6�����.

��NOPD!6����� 5 µm ������., �r��ST��. �U, JWX1�

2002-08-21��

* ������	
(��
: 40072092)������������(KZCX20305-ADEC)����

** E-mail: Yansx@irsa.irsa.ac.cn
1) Martinez-Alonoso S E. Study of the infrared spectra of phyllosilicates through direct measurements, quantum mechanical

modeling and environment of mineralization. Ph D Thesis. University of Colorador, Boulder, 2000
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� X ������>��� ��¡¢£�¤���¡¢£�¥¦�¢§5A��H¨©ª

«¬5A�����.5�­®, �¨¯��°�±�²³�­´«4 b0µ�²/¶·±¸�

¹º�­´«��»�c«¼�½¾�¿4À��ZÁ!23�ÂÃÄÅÃ�Æjk.�Ç

NOPÇOPD!È�É0[10~16]. ��ÊË�*, ½ 1967\ Kübler+ÌÍD!6(anchizone)

7� XRDÎÏ²³�­´«ÐÑ5NOPD!6ÐÆ, ²³�­´«)Ò*Ñ5NOPD!

6�Ó�Ô¨[17]. IGCP-294Õ�²³�­´«ÖÈ�×ØÙ²³�­´«ÎÚÛÜ[15]. Í\

ÝÞÙ²³�­´«*ß´���Ï«, à�´á�DZ�, ÓâD!ã�{|äå[14].

#�����æ�ç*NOPD!6ST,è¦%���. ST�Ý [18], �	���0

1.54­®�¢�D0é�ê
, ��¢��014­®�D0��ëìíîïð4íî

-ñ�D0. òó, ����	
�Hôõö÷ø*é�kù�. HúûSTø, ü.ý)�

þ'. �����$%4����	
�4���ò���>T°�����, ü)þ'	


Dý>T��01.54­®°½�hi¢�D0�Ê��'.

��	�
ç*Ò
����������>ÎNOPD!6�����. ü*òý: (1)

�.NOPD!6�����, �: ²³��¹º��¶�������, H���X��Z

���íî�[19,20]; (2) �����hiD0é�ê
, �­´«�´Ã���.5��c«

� !D0"D0. #�²³������¹º��H$%�-.c«�, ò´Ã.5��D

0"$¾íîïð��� [4,5,21]1), ü*æ��
���å-.�$% !���¦"Ñ5D

!6�&'.

È��²³�­´«STÙ()��úø*+ö,@-./�]0»12NOPD!,

7��5AÙ���� 2200 nm3Ííî�	
4, Ð²³�­´«ý�5, >oÙÑ5NO

PD!6������	¨¯.

1 ��������	

()ø¾6@�ï�
+7®vF�89:;®vF�k±<ï, $=�>��?@A

�BCD4�EFGH6�I(¬, �_Ùúû�BCDJK-L;M%@�xy�NO»N

OPD!È�4;û�®vD-�¢�PQ»R�.�È�[11,12,22,23].

S�ø*+^./�-0»�¸12*TUV³W-XY12( 1). S�ø*+^./�

xyHZ+](¬[24]. *+]S^[\]^ 366 m, ý_`-ºa�bcd��º!e�; ø

*+^S<ýfg�, ^ 1572 m.fg�S�ýø~^¸�d�ba��º�; ¬�ýhe�

e¹iº�bj¸d�. ø*+^¬<ýXY�, ^ 1532 m,ý�d��a�k¸. XY�¬

�-Q�lmn(1�50000)2)Ñ5�op� 3�, S�-Q�op� 1~2�.

V³W-XY12( 1)]^qqÙ#rº�st, ��²³�­´«4uv�-���X

(3500~2500 nm)�	5A.

1) � 459���

2) ����	
�. �
� 1:5000	
�. 1974
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� 1 �����-��	
���

2 
��
����

2.1 �������

ÎÚwB¨xýøJ�ly�mqz�l=>{$|1ST}õ~ø� SY/T 5163 1995

¨x, � IGCP-294Õ�²³�­´«ÖÈ�×Ø²³�­´«ÎÚÛÜ[15])ì. ����ý

D/max-2500.
�¥5�st. ç���Ï�� 50%�#rº�st�H��ø��c., �,�� 1 mm

�st, ð����ø, �¦���, P� 1 y;�����������¦5�, å.��

���.

�;+,< 2 µm�����åÈ 8¡. ç���¢H£¤¡¬, H 26 mm × 27 mm2

y¬, ��¥¦ 40 mg, ½�§¨.

�;5Ast. ��©ªi¼H 2θ = 2.6~15.0°«¬� 8¡¦B� , $�Á !ý Cu

­�, 40 kV, 100 mA.� �«ý 2°(2θ )/min, qs®¯ý 0.01° (∆2θ).

� 8¡¦B°Z±²4³/4�´³/Ðµ ����. ��m�, c«ý 50°, �´

¦ 12 h. � «¬ 2.6°~30°(2θ). �°Z±²4¡�´³/, Hc« 450¶S�´ 2 h, � «

¬ý 2.6~15°(2θ).

¨sý���, �·�¯ý 0.10∆2θ °, dµý 1 nm, ��Ô3ý 002. H½� 8¡¬æ

���ÛÜ RISM, ��¸½{ÎÏ 1 nm�·�¯¹ý KüblerÔ3.
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ýÙº~� �«�ÎÏ­»�¼½, � L4(� 1)¦BÙ$%� �«S²³�­´«Î

Ïõ~. ¾,� �«ý 2°, 3°4 4°(2θ)/min¦BÙ 8¿� , ÎÏ²³�­´«, K.I(∆2θ °)

Àý 0.22, ÁÝ� �«�ÎÏ�«¼½$�.

2.2 ��	


H³W-XY12( 1)ÎÏ²³�­´« 20 Âst, �ø, ÃÂstò./�Ï�$Ä

,è3'. �Å 18Â3'!Ï��(� 1).

� 1 ����-���	 XRD 
���
�������� a)

��������/%
	
�

/%

2200 nm�


������
 ��� ��

S I K C C/S C/S ��� ���

���

 !"

K.I(∆2θ˚)

L1-1 #$%&� 9 4 2 85 30 ' '

L1-2 #$%&� 2217

L3 (%&� 94 6 ' ' 0.22

)

*

+

L4 ,$%&� 92 8 2220 2222 0.22

L5 -%&� 81 6 13 30 ' ' 0.25

L6-1 (%&� ' '

.

/

0

1

2

L6-2 #$%&� 64 2 2 32 35 2213 2212 0.24

L7-1 (%&� 61 1 1 37 20 ' ' 0.26

L8-1 ,$%&� 86 7 7 40 ' ' 0.30

L8-2 ,$%&� 75 25 2214 0.33

L9-1 (%&� ' '

L9-2 (%&� 2216 2220

L10-1 (%&� 67 33 2216 0.32

L10-2 (%&� 2213 2207

L11 ,$%&� 3 80 17 2217 0.33

.

/

0

3

2

L12 4%&� 42 58 2208 2210 0.33

L13 4%&� 64 27 9 2209 2215 0.38

L14 ,$%&� 2210 2213

L15 4%&� 70 25 5 2209 2211 0.38

L16 #$%&� 2213 2208

L17 5,%&� 2206 2212

6

7

0

1

2

L18 5,%&� 69 31 2214 0.43

L19 ,$%&� 2208 2206 0.40

L20 ,$%&� 75 8 17 30 2203 2209 0.39

L21 #$%&� 67 5 28 30 2202 0.38

L22 (%&� 73 27 2205 0.39

L23 5$%&� 2204 2206

L24 5,%&� 2205 2207

L25 5,%&� 73 27 2197 0.39

6

7

0

3

2

L26 5,%&� 2205

a) S, 89�; I, ���; K, :;�; C, $&�; C/S, $&�/89�	
��
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3 ������

��������	
 Kübler�� 0.42
 0.25 ∆2θ °���������������
�������
����. � Kübler�� 0.30∆2θ ̊ ������� !"#���$%�
���
&%����; � Kübler�� 1.0 ∆2θ ̊ ���������$%���
&%��
�[14].

'�(-)*+,, -./-012�3 4456����	
 Kübler��� 0.22 ~ 0.25

∆2θ ̊ , 7����, 89�:;<-./(T1)=456����	
>� 0.22 ∆2θ ̊ , ?:;

<�@012 1-1
2(T )=456����	
� 0.24~0.25∆2θ ̊ .

012�3 1-2
2(T )A)*2 2

2(T ) 14 456�����	
 Kübler ��, B56 L18 �

0.43 ∆2θ ̊ 7���C, DE 13456� 0.26~0.40∆2θ ̊ , 7����. 012�3 6456

Kübler��� 0.26~0.33∆2θ ˚, 7&%����. 'FG, � Kübler��� 0.33 ∆2θ ̊ ���
&%����
$%����HI FreyJ[14]K 0.30 ∆2θ ̊ LMN. )*2 6456� Kübler

��� 0.38~0.43∆2θ ̊ , B L18C, >7$%����.

L18 OP)*2�3 2-1
2(T )Q@, RS)*TUVW(X 1). TUVW56 L20 
 L21 �

Kübler��� 0.39
 0.38 ∆2θ ̊ , 8TUYWZ[\]56 L22
 L25 Kübler��>� 0.39

∆2θ ̊ , TU=WZ[\] Kübler��^_"`, Fab56 L18�&cdefTUYWg]

hi. TU=WZ[\] Kübler��^_"`, 56 L13
 L15�jk"]RlmTn5, o

Kübler��>� 0.33 ∆2θ ̊ , Fpb�qr
&, 8stu5
vwx�. 56 L18&c�y

z, pb?:;<�@\]'$%�����{|�, }@����. ~�����	
��

��
������[�����	�������J��~���, ��56 L18 �&c

fDEsb~�hi.

���J[12]'�(-)*+,v� 7456, P2 ~ T1=456 Kübler����� 0.169


0.272∆2θ ̊ ; 012 3456 Kübler����� 0.253, 0.298
 0.445∆2θ ̊ ; )*2=456

Kübler����� 0.438
 0.445∆2θ ̊ . E�� 0.215
 0.400∆2θ ̊ ����������, �

�+,P�T�����]��������
�����. E��v�c�_�v�c�&.

ot, ����t"`�, �\]�P�T�, ����	
 Kübler�� ¡�¢, ��£


 &�$, 89���K%�f�]'\]�?R¤¥¦�§���¨�f\]©�S"`,

ªb«:;¬­\®¯°±-²³®¯´µ´¶·�¸¹º»���K.

4 ���-������	
�

OK¼½� FieldSpec FR� ASD(Analytical Spectral Devices, INC)¾¿ÀÁÂÃÄ�ÅÆ

ÇÅÈÉ, 'ÊËÌÍ� 2002Î 7Ï 26Ð�Ñ 11�00~12�00v�ÅÈ. �ÅÈÉÅÈÒÓ

� 350~2500 nm,ÅÈ�ÔÕ: 700 nmÖ×� 3 nm, 1400~2500 nm� 10~12 nm;O5ØÙ:

350~1050 nm� 1.4 nm, 1000~2500� 2 nm. 2001Î 6ÏÉÚyÛÜÝ�Þ@ßà. hZSá

ÉÚ¿��ßàâãv�hZäÇÕ. v�·Ø, ØÙv�âã 8å. æ5v� 5å, çZ 30

4��56èé,
ê�,në 234ìÅÈí©. �æ5 5åv�cnî>�� 1456�Å
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Èv�c. ï³, K EXCELðñÝ�ÅÈí©òu(X 2~5, í©?� w�à_½óê�,�

�ÅÈí©, DE�èé,ÅÈí©).

� 2 ���-����	
��
��

� 3 ����	�
��

5 2200 nm ��
����������������

5.1 ���� 2200 nm ����	
��
����

XRDvwpb, ôHõö�������÷ø�, @�56ù�&&ú�, 1456(L11)

ùûü�, +,?�@
�@>ý÷ø�/ûü�þ]��, ù�� 7%~32%;÷ø�/ûü�

þ]I� 20%~40% (p 1).
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� 4 ����	�
��

� 5 ����	�
��

õö���t]������. D^_	���t SiO4�,�]
�-	�
2���,

�]. SiO4�,�]?, Al3+ 
 Fe3+�
� Si����sî�; �,�]? Fe2+, Fe3+, Al3+�


� Mg2+, � Fe2+, Fe3+, Mg2+�
� Al 3+����sî�. 14�,�]
 1 4�,�]2�

1�1]; 14�,�]�=4�,�]��2� 2�1][25]. ]������' 2200~2300 nm

�� 1 4��4���, 2200 nm������~S OH 
��®^ [ν(OH)]
,Þ!í

[δ(OH)]^ �M [26]. Zý 2200nm����ÅÈí©, K EXCELðñr"�n���R¤

(p 1). #<$�q 2200 nm���R¤, %zèé��&ýb'��
()*+(X 6).

 X 6�,, -\]��@.�@, õö�� 2200 nm/����T012T�(: -.

/� 2220 nm(����	
� 0.22∆2θ o,�]���), 012� 2217~2213 nm(����	
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� 0.24~0.33∆2θ o, -�����@.

& % � � � � ), ) * 2 � 3 �

2214~2206 nm(� � � � 	 
 �

0.38~0.43∆2θ o, $%����§�3

����), )*2�3� 2205~2197

nm (����	
� 0.38~0.40∆2θ o,
$%����).

�4����(56t7ýõö

��(����&ú��ûü��÷ø

� /ûü�þ]��)�89 . 'FG

�����89:���� “�� ”,

8�;���89:�<()=. �«>?;����ÅÈ�()56, @ABý����÷

ø���� 5 456(p 2), ÷ø�' 2200 nmCý89, BäD������56. -p 2

�,, \]�P�T�á��%�µ$, ��� 2200 nm/���� -./� 2220 nm,0

12� 2216 nm,)*2�3 2214 nmE��)*2�3� 2205 nm
 219 7nm,T01¸(

), F�á��%����
�G&, ��� 2200 nm/����TH1¸(), ()I
J

23 nm.

� 2 ������������

������/%
�	
 ��


�� ���


�����

K.I(∆2θ˚)
2200 nm�������/nm

L4 ��� 92 8 0.22 2220

L10-1 �� !" 67 33 0.32 2216

L18 #$ !" 69 31 0.43 2214

L22 #$ %" 73 27 0.39 2205

L25 #$ %" 69 31 0.39 2197

5.2 2200 nm ��������	
���
��

(1) º»����5Kt��%��f\]�©¢`LM. �4èé��õö�� 2200 nm

/�������ÒÓf\];M"`, ��N���\];M. 
Oõö�� 2200 nm/�

������ÒÓ, ���012Pd����]����@(�3)
&%����, Q��

�DE���!���, 89RKÅÈàS, ��IRK����	
àSLTrU\�)

*2���3¸�V�.

(2)   OH^ WXYÀZ[]�������	���
\]^��_`�.a

b[27~35]. VedderJ[31] c�y 2.2 µm � �®dX v(OH) 
,Þ!íWXδ (OH) 2��M .

-N�³, ��M ��e�]�������"f�à, ghZ[ZDi�ab[21,34~42]. j

?Z[pb«f OH 
hi�kC13
]�����,�\]^��ÖØ�hi�, oe

~lim.

nop�, �M Z[� [VI] Al Óq� OH 
^r2[35,43]. �,�s���f�13R

� 6 2200 nm��������

&'()*+�,-, ./'0(123,-
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¤b'thi[21,39,44,45]1). ~N, 'us�56?, �M RS01¸(2.19µm/�). ' AlFe3+

vw�, 
Oν(OH)
δ (OH)�1�, �M xRS 2.24 ~ 2.25µm[39,43, 44].

_Z[pb, á��%����
�G&, õö����ÅÈTH12T���().  

N�yv: 1) '�(-)*+,, -�@T�@, õö���,� Al �ù� $�&, F�H

 ³zZ[?����q�ªj. 2) 
OÅÈ�������()56, �MRKõö��\

��
$J���
�à, ����{$%����J�
�. ot, |×}~ý���õö

��\��
$ [46], F�ït���`����×j�¹ . 3) �+,���
fõö�

�[VI] Al ��ÖØ�im�§\]^
�f��ÅÈ()ÖØ�im, �ïtý�S³zZ[

�aHô�.

(3)  X 6�,, ê�,�� 2200 nm/�����R¤�&ýfèé��"`����

()��, osk]R�����R¤a;b', s�èé��ÅÈ�53�KS{$%�

���gh����. ��ø�J(�p 1? L3, L6-1, L9-1)��õöù�&, ~ý�����,

Cýyz 2200 nm���. ~N, �����sNS{$%����gh����. ��ê�

�����ÅÈ56sNM�����ghRK, ot
Oèé����ÅÈ���()*+,

�M�¼+,����	
v�, ��K¾¿À�CÅÈÉ(� PIMA)j\�+,,  èé�

�ÅÈ��¸¹\];M
{$%���.

6 ��

(1) '���(-)*+,, RK����	
 Kübler����:;<-./
?:;<

012�3�P�����(K.I∆2θ ̊ � 0.22~0.25);�?:;<012�3
)*2�P�

����, ?:;<012�3�&%����(K.I∆2θ ˚ � 0.26~0.33);?:;<�@)*

2�$%����(K.I∆2θ˚ � 0.38~0.40),s�B}@������3. \]�P�T�, �

���	
 Kübler �� ¡�¢, ��£
 &�$, 89���K%�f�]'\]�?

�R¤¥¦�§���¨�f\]©�S"`, ªbD�:;¬­\®¯°±´¶�£?�

¸¹º»{$%���K.

(2) -\]��@.�@, èé��õö�� 2200 nm/����T012T���():

-./� 2220 nm,012� 2217~2213 nm,)*2�3� 2214~2206 nm,)*2�3�

2205~2197nm.Fpbá���
�G&, ��ÅÈ���TH12T���().

(3) ê���
����sNS{$%���������gh����. ot, 
Oè

é����ÅÈ���()*+, �M�¼+,����	
v�, ��K¾¿À�CÅÈÉ

(� PIMA)\�+,,  èé��ÅÈ��¸¹\];M
{$%���.

� � � �

1 456, 789, :;<, =. >,-?@ABCDEFGHI�JK. L: MNO, 456, PQR, ST. BCDE

FGUV. WX: YZ[\], 1998. 139~233

2 Cloutis E A. Hyperspectral geological remote sensing: evaluation of analytical techniques. J Remote Sensing, 1996, 17(12):

1) Swayze G A. The hydrothermal and structural history of the Cuprite mining district, Southwestern Nevada: an integrated
geological and geophysical approach. Ph D dissertation. University of Colorado, Boulder, 1997. 341
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2215~2242

3 Geotz F H, Vane G, Solomon T E, et al. Image spectrometry for earth remote sensing. Science, 1985, 228: 1147~1153

4 Kruse A, Hauff P L. Identification of illite polytype zoning in disseminated gold deposits using reflectance spectroscopy and

X-ray diffraction: potential for mapping with imaging spectrometrys. In: Proceedings IGARSS, Vancouver, Canada, 1989.

965~968

5 Martinez-Alonoso S E, Goetz A F H, Atkinson W W, et al. Study of infrared spectra of clay minerals: from AB INITIO

Quantum calculations to hyperspectral remote sensing. In: Proceedings of the Thirteenth International Conference on Applied

Geologic Remote Sensing, Vancouver, Canada, 1999. 174~181

6 Patrick K K, Duke E F. Visibale and near infrared spectra of contact metamophosed calcareous rocks: implications for

mapping metamophic isograds by hyperspectral remote sensing methods. In: Proceedings of the Thirteenth International

Conference on Applied Geologic Remote Sensing, Vancouver, Canada, 1999. 363~369

7 Longhi I, Sgavetti M, Chiari R, et al. Spectral analysis and classification of metamorphic rocks from laboratory reflectance

spectra in the 0.4~2.5µm interval: a tool for hyperspectral data interpretation. J Remote Sensing, 2001, 22(18): 3763~3782

8 ^_`, abc, deZ, =. fghijklmUVno. IZpq, 1998, 5(4): 302~306

9 r,s. gtIu2Z. WX: YZ[\], 1998. 1~10

10 abc, vwR, xyz. fghijkl{fghij|}N. IjY~��, 1995, 14(1): 1~8

11 abc, ^_`, �z�, =. ���I���+�fghijkl�Iu��Z��. IjYZ, 1998, 33(4): 395~405

12 abc, ^_`, xyz. fghijkl. WX: Ij[\], 1999. 9~19

13 Frey M. Very low-grade metamorphism of clastic sedimantary rocks. In: Frey M, ed. Low Temperature Metamorphism.

Glasgow : Blackie and Son Ltd, 1987. 1~33

14 Frey M, Robinson D. Low-Grade Metamorphism. London: Blackwell Science, 1999. 29~31
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