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CHARACTERISTICS OF MYANMAR AND SRI LANKA MOONSTONES 

Raphassi Boonsriram 

Department of Geology, Faculty of Science, Chulalongkorn University 

e-mail:fels_pa@hotmail.com 

Abstract 

Moonstone is orthoclase feldspar which is in tectosilicate group. Moonstone has a            
special characteristic called adularescence which appears as white to bluish white reflection 
from interior of the stone.  The cause of adularescence  phenomenon is still unclear, so it needs 
further study.  This study uses 17 specimens of moonstone which comprises 6 samples  from 
Myanmar  and 11 samples from Sri Lanka. From the FTIR absorption spectra, O-H stretching 
were observed at about 3450-3700 cm-1. The UV-VIS-NIR absorption spectra give no absorption 
in visible range due to its colorless nature.  From petrographic study and chemical analysis by 
EPMA, the variation of mineral compositions in moonstone is probably related to adularescence 
phenomenon especially orthoclase (K _ feldspar) and Albite (Na _felsdspar)  which was 
resulted from exsolution called perthite.  Perthite is the crucial factor which causes  
adularescence 
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hac9.�j#*4)a(0.*b3  l$�2qgzg��q1hac1,+q1*!>�0*#*4)aก��=42t*$#nkd#!2>�0*($(�=2�hac>�0*d(0

q1q#$ !"1v0d9p�t9  ก$(qgzdก,4>�0*2o4g2)$�  ก0.u�(*กa$(*dกa!w2%hacdl0��39}kk0 �,2*qlz*n�#=+�d7o"(
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*n�#=+�d9p�g,� !"dg*0cก�jก0.qlz v0#*05,d7o"( v0>�0*dfz0q1ก�j+��d(%�v0*0s:"%>�0*#v0d.x1q�d.o"(%>�0*
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*,u)�02� hacd9p�(�k*b!#v0g.�jก0.>.j.(j+$0%~9� !" 13 (*%>a  .�723t7/0a 2551) *n�#=+�d9p�(�k
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=+� !"กa$0�u:%��w�>o(d*o"(q4กx+0* !"*!h#%*0+กก.c j !"*n�#=+� 1cdก,49.0กyก0.b3 0%h#% !"d.!2ก�$0 
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1c v0qgzdก,4ก0.dgao(jh#%t4zl�4d1�hac#�2%0*2,"%f:w� s:"%a�ก<bc7,d/<q�ก0.dgao(jh#%��af0��!w  v0

qgz*n�#=+�*!>�0*h9aกhacd9p� !"4:%4n4f(%กa)$*>�.�ก(�k*b!hacกa)$*��ก#c#*g,�#!+$0% ~d9p�(2$0%

*0ก                      

                10กa�ก<bc7,d/<f(%*n�#=+�ก�jก0.dก,49.0กyก0.b3 0%h#% !"d.!2ก�$0Adularescence  !"t4z
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�$0(%>39.cก(jh.$i02q�1c*!|a+$(ก0.dgao(jh#%��af0�g.o(t*$ uz0(%>39.cก(jh.$i02q�*!|a+$(ก0. 

dgao(jh#%��af0�1cdก,4t4z(2$0%t. hac*!9}11�2q4d9p�+��>�j>)*a�ก<bc !"9.0กy((ก*0dl$���w� 

�(ก10ก9.c=2l�3f(%ก0./:ก<0�,1�2haz�2�% v0qgzd.0#0*0.u .0ju:%>�0*#�*7��53.cg�$0%a�ก<bcd4$�

f(%h.$(%>39.cก(ji02q�f(%*n�#=+� ก�jก0.dgaojh#%t4zl�4d1�hacก.c1$0%2,"%f:w��$09}11�2dga$0��w�*!

(, 5,7a+$(ก��(2$0%t. 

1.2  '�*G�����
.$ 

d7o"(/:ก<0a�ก<bcde70c 0%h.$f(%*n�#=+�10กhga$%9.cd /7*$0hac9.cd //.!a�%ก0 

1.3 ��"��*ก
��(ก�
 

/:ก<0�,d>.0cg3a�ก<bc 0%(�k*b!f(%+��(2$0%*n�#=+�1v0��� 17 +��(2$0%10กhga$%9.cd /

7*$0 hac9.cd //.!a�%ก0 =42qlzd>.o"(%*o( 0%(�k*b!f�w�7ow��0�hacd>.o"(%*o(f�w�#n% 
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1.4 A���).
�'�
��<�B��" 

t4zfz(*nadก!"2�ก�ja�ก<bc(%>39.cก(jh.$i02q� !"#v0>�kf(%*n�#=+�hac .0j>�0*#��7��53
.cg�$0%h.$s:"%*!a�ก<bcd4$�j0%9.cก0. !"*!|a+$(ก0.dgao(jh#%f(%*n�#=+� 

  
1.5 ��ก�
����

�'������)�ก�)�'�B�
 
 

*n�#=+� g.o(*)ก40g0. 1�4(2n$q�9.cdi  ((.3= d>a# (Orthoclase) dra43#90.3 hac d9p�lo"(l�,4 

(variety) g�:"%f(%  h.$=9h+#ds!2*   dra43#90.3  *!#n+. 0%d>*!d9p�  (K,Na)AlSi3O8 d9p�h.$ !"(2n$q�

กa)$* Tectosilicate  9ก+,1ct*$*!#!u:%#!f0�    *!a�ก<bc7,d/<d.!2ก�$0 (c4na0d.#ds�#3 ( 

Adularescence ) >o(a�ก<bcdgao(jd#z�h#%��af0�dก,410ก>�0*h+ก+$0%f(%*a ,�i02q�

f(%*n�#=+� !"d.!2%+��ก��d9p�l�w�j0% ~ #a�jก��t9*0 4�%��w�d*o"(*!h#%*0ก.c j !"|,�f(%*n�#=+�

1:% v0qgzdก,4a�ก<bc7,d/<4�%กa$0�   *!a�ก<bcก:"%=9.$%q#u:%=9.$%h#% #�%dก+t4z=42ก0.*!h#%q�+��

f(%*n�#=+�d(%  *n�#=+�>)bi07 !"4!1c*!h|$�dgao(jr�0($(�j�+��7a(2    a�ก<bc=42 �"�t9

f(%*n�#=+� *!.cjj|a:กhjj=*=�>a,�,ก ( Monoclinic)  *!>$04�l�!g�กdg+�w%h+$ 1.518 - 1.526  tj

.!r.,%d1�#3 0.008- 0.010 a�ก<bchก�h#%hjjtjh(กds!2a ( aj )   >�0*u$�%1v0d70c  2.55 - 

2.61 9ก+, 2.58   *!>�0*�0�hjjhกz�*!>�0*hfx% 6 _ 6.5 >�0* � 0�t*$4!  +z(%.c��%q�ก0.�}%

+��d.o(�  t*$*! d7a!2�=(=>.(,s:*  hacก0.d.o(%h#%f(%*n�#=+� t*$*!u:%#!�wv0d%,�($(� ~ q�>ao"�20� 

+v0g�,q�7a(2*n�#=+�  (01*!a�ก<bc>az02 ~ +��+cf0j g.o(*!.(2h+กdaxก ~  (Rickwood, 

1981 ; #)*0a! d 7=#7..b ,2546) 

                 uz0กa$0�u:%ก0.dก,4*n�#=+�=42 �"�~t9 *�กdก,4q�fbc !"*!ก0.+ก|a:กf(%g,�(�>�!  

hac(01dก,410ก #0.aca02�wv0h.$.z(� (Hydrothermal solution)  dก,4q�g,�d9ก*0t +3  dก,4q�g,�

(�>�!l�,4+$0% ~ dl$�g,�hก.�,+ ts(,t�+3 hac d�r�a,�-ts(,t�+3  #v0g.�jhga$%กv0dg�,4 !"7jq�

9.cd /t 2 7j(2n$q�g,�hก.�,+ d9ก*0t +3hact�#3 hga$%qgk$7jq�d9ก*0t +3  !" 1�%g��4.0lj).! 

dl!2%qg*$ h*$�$(%#(� ก0k1�j).! () �250�! hac+0ก #$��q�+$0%9.cd /hga$%#v0>�k !"7j*n�#

=+� t4zhก$9.cd /  j.0s,a 7*$0  /.!a�%ก0  (,�d4!2  *040ก0#ก0 *a.��h>a,r(.3d�!2  hac 

h �s0d�!2  10ก !"กa$0�*0haz���w�*n�#=+�7jt4z10กga02hga$% h+$achga$%��w�*!a�ก<bc 0%
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5.b!�, 20 !"#v0>�khac*!>�0*#�*7��53ก�jhga$%dก,4 !">az02~ก�� (ก(%d/.<�ก,1hacd|2h7.$,  

2526) 

          ก0./:ก<0a�ก<bc 0%5.b!�, 20 !"#�*7��53ก�jhga$%dก,4f(%*n�#=+�q�j0%hga$% !"#0*0.u

/:ก<0t4zl�4d1� +��(2$0% dl$� 10กhga$%q�9.cd //.!a�%ก0  s:"%a�ก<bcd4$� 0%5.b!�, 20f(%

9.cd //.!a�%ก0dก,410กก0.h9.#i07l�w�#n%q�2)>7.!h>*dj.!2� s:"%hj$%+0*a�ก<bcg,�ga�กt4z

#0*j.,d�b t4zhก$  Highland  Complex, Vijayan  Complex  hac  Wanni Complex  s:"%*n�#

=+�dก,410ก#02h.$d9ก*0t +3f�04qgk$+�4g,�h9.q�j.,d�b   Highland  Complex  hacdก,4

h.$(�k*b! !"#v0>�kl�,4(o"� ~ .$�*4z�2 =421c7j*n�#=+�hac(�k*b!(o"� ~ dl$�  beryl, 

chrysoberyl , zircon  hac corundum  !"unก7�47010กhga$%กv0d�,4q�j.,d�b  Highland 

Complex *0+ก#c#*+��(2n$ !"j.,d�b   Meetiyagoda  s:"%d9p�j.,d�b !"*!lo"(d#!2% !"#)4f(%*n�#=+�

q�9}11)j�� (Dissanayake  et  al., 2000) 
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"���) 2 

'� �ก
��?
����

�'���� 

ก0.4v0d�,�%0��,1�2#0*0.u#.)9t4z+0*h|�i074�%.n9 !" 2.1 hac*!.02acd(!24h+$acf�w�+(�4�%�!w 

2.1 �'"�'�����(ก�
�
�

���ก�
���)�ก�)�'�B�
 

                  ก0..�j.�*fz(*nad(ก#0. !"dก!"2�fz(%ก�j*n�#=+�uo(�$0d9p�9.c=2l�3#v0>�k+$(ก0.�,d>.0cg3

hac#.)9|af(%%0��,1�2 d�o"(%10ก#0*0.u�v0*0d9p�fz(*nadjow(%+z�hacd9.!2jd !2jก�j|a�,d>.0cg3 d7o"(qgz

t4z|a#.)9 !"�$0dlo"(uo( !"#)4 +��(2$0%fz(*na !"t4z/:ก<0 dl$� a�ก<bc �"�t9f(%*n�#=+� 5.b!�, 20f(%hga$%

*n�#=+�10ก9.cd //.!a�%ก0 hac(%>39.cก(j 0%d>*!f(%*n�#=+�q�9.cd //.!a�%ก0 d9p�+z� 

2.2 .����H�ก������ก����*�'���

 

 +��(2$0% !" v0ก0.�,d>.0cg3d9p�+��(2$0%*n�#=+�10กhga$%9.cd /7*$01v0��� 6 +��(2$0%hac

9.cd //.!a�%ก01v0��� 11  !"t4z10ก(010.23 !"9.:ก<0 =42t4z�v0*0�,d>.0cg3 �w%#,w�1v0��� 17 +��(2$0% =42

hj$%((กd9p�*n�#=+� !"|$0�ก0.d1!2.ct�hjjga�%dj!w21v0��� 16 +��(2$0%hacกz(�*n�#=+�10กhga$%

9.cd /7*$01v0��� 1 +��(2$0%  
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��%�*��ก
�'���� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                  .n9 !" 2.1 h|�in*,f�w�+(�ก0.4v0d�,�%0��,1�2                                                                          

�'"�'�����(ก�
��ก�
���)�ก�)�'�B�
ก�"�+��I*� 

.����H�ก������ก����ก�"�+��I*� 

'��.�
��$*�'���

�+��I*� 

�(ก�
��ก�����	
��

��#����B'��.�H)�
�H���%�	H%�J
������%��+
 �(ก�
���
'���
����.����� 

�(ก�
��ก�����	
���%�	H%�J
��

��#��� 

- �?
��ก��*�'���

I�������"����"ก�"-���
*�J
��� 

- �
�%?
���ก���.'
�G�'
�?
�	
� 

- '��.�
��-����ก�� 

- ��
�ก*��ก���	H%�A�'���������
�K� 

- *�'�ก
���H�
��
�
�K*B��
�����H���'
 

�(ก�
��ก�����	
���%��+
�

��#��� 

- '��ก
��+ก�H���
�B'��.�H)�
 Fourier Transform 

Infrared (FTIR) ��� Ultraviolent-Visible Light-Near 

Infrared(UV-VIS-NIR) Spectrometer 

- *�'�-������������B'��.�H)�
 Laser Raman 

Spectroscopy 

�(ก�
���
'���
 

- �(ก�
ก
�����
*�'��
��%'��� 

- �(ก�
ก
�*�"���
��
��
*����� 

�(ก�
�.����� 

- *�'�'������
� 
*���)��&�

�
.$���ก�"��
��� 

- *�'�'��ก���
�*�'��
 
*�

�
.$���ก�"��
��� I��ก
��?
  X-

ray mapping �B'��.�H)�
 EPMA 

�?
A�ก
��(ก�
�
'��.�
��$ 

������
�

���&��+���������?
����A�

� 
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2.3 ก
�'��.�
��$*�'���

 

hj$%((กd9p� 2 �,5!4�%�!w 

2.3.1�(ก�
'��.�
��$��ก�����	
��

��#��� 

                    d*o"( v0ก0..�j.�*+��(2$0%q�f�w�+(�h.กd#.x1#,w�กx�v0+��(2$0%10กhga$%9.cd /7*$0hac

9.cd //.!a�%ก0j0%#$��t9+�4hacf�4d7o"(/:ก<0a�ก<bc7ow�|,�haca�ก<bci02q�   hac%$02+$(ก0.

�,d>.0cg3q�f�w�+(�+$(~t9=42de70cก0.4n4กao�h#% d*o"(*n�#=+�|$0�ก0.f�4haz�1:%�v0*0 v0ก0.

�,d>.0cg34z�2d>.o"(%*o(7ow��0� 0%(�k*b!hacd>.o"(%*o(f�w�#n% 0%(�k*b! !"#u0j���,1�2hac7���0(�k*b!

hacd>.o"(%9.c4�jhg$%l0+,((%>3ก.*g0l�)g.o(#�(. (GIT) s:"%q�ก0.�,d>.0cg3+��(2$0%*n�#=+�1c

4v0d�,�ก0.=42(0/�2d>.o"(%*o(7ow��0� (.n9 2.2) hacd>.o"(%*o(f�w�#n%>�j>n$ก��t9 d7o"(qgzt4zfz(*na !"d7!2%7(

+$(ก0.�v0t9#.)9|a s:"%*!.02acd(!244�%+$(t9�!w 

                �.�H)�
�H���%�	H%�J
� 

 -���
*�J
�����
 Gemological Institute of America (GIA)  

�v0+��(2$0%*n�#=+� �w%g*4 17 +��(2$0%*0 v0ก0.d9.!2jd !2j#!=42qlzl)4*0+.�0�#!f(% Gemological 

Institute of America (GIA) 

            �.�H)�
  Specific Gravity Balance  
   l�"%�wv0g��ก (  Weight)  q�g�$�2กc.�+ (ct.) hac ��4>$0>�0*u$�%1v0d70c (SG) s:"%>$0>�0*
u$�%1v0d70cd9p�>$0de70cf(%(�k*b!h+$acl�,4 4�%��w�ก0.��4>$0>�0*u$�%1v0d70c#0*0.u1v0h�กl�,4
f(%*n�#=+�q�djow(%+z�t4z 
            �.�H)�
'��.�
��-����ก�� (Refractometer)   
  >$04�l�!g�กdgd9p�>)b#*j�+, 0%h#%(2$0%g�:"%f(%(�k*b! 1:%*!9.c=2l�3+$(ก0.1v0h�กl�,4(�k
*b! d�o"(%10ก(�k*b!h+$acl�,41c*!>$04�l�!g�กdg(2n$q�l$�% !"h+ก+$0%ก�� uo(d9p�d>.o"(%*o(h.ก~q�ก0.qlz
1v0h�กl�,4f(%(�k*b!+$0%~((ก10กก�� =42>$0 !"t4z10กก0.��4>$04�l�!g�กdgf(%*n�#=+�10กhga$%
9.cd /7*$0hac9.cd //.!a�%ก0 
 ������
�����H���'
 (Ultraviolet  Lamps)  
           +.�1#(jก0.d.o(%h#%f(%(�k*b!i02q+zh#%  short wave hac long wave UV (Ultraviolet) light 
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 ก�B�
��������$��#��� (Gemological Microscope)  
            qlz/:ก<07ow�|,�haca�ก<bci02q�g.o(a�ก<bc*a ,�d�ow(q�f(%(�k*b! ก0./:ก<0a�ก<bc*a ,�
i02q�7a(2uo(d9p�a�ก<bcde70cf(%(�k*b!h+$achga$% h+$acl�,4 s:"%1c*!>�0*h+ก+$0%ก��t9 uo(d9p�
a�ก<bcde70cq�ก0.1v0h�กhga$% !"*0f(%7a(2t4z 
 

                                 
l)4d !2j#!f(% Gemological Institute of America (GIA)                   (sz02) d>.o"(%l�"%�wv0g��ก (Electronic   Balance) 
                                                                                                       (f�0)    d>.o"(%��4>�0*u$�%1v0d70c (Specific  
                                                                                                         Gravity Balance) 

                                          
กaz(%1)a ../�3(�k*b! (Gemological Microscope)                         d>.o"(%��4>$04�l�!g�กdg (Refractometer) 

 

 
                d>.o"(%e02.�%#!dg�o(*$�% 
    ( Ultraviolet Lamps) 

                      .n9 !" 2.2 d>.o"(%*o(7ow��0� 0%(�k*b! !"qlzq�ก0./:ก<0>.�w%�!w �w%g*4t4z.�j>�0*(�)d>.0cg3
10ก#�(. 
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�.�H)�
�H���%��+
 
d>.o"(%*o(f�w�#n% 0%(�k*b! !"qlzq�ก0.�,d>.0cg3q�ก0.�,1�2�!w9.cก(jt94z�2 
 
Ultraviolet-Visible Light-Near Infrared (UV-VIS-NIR) Spectrometer  

/:ก<0.)9hjjก0.4n4กao�h#%f(%+��(2$0%q� 3 l$�%>ao"� t4zhก$ Ultraviolent, Visible Light hac Near 

Infrared  d>.o"(%*o( !"qlzq�ก0.�,d>.0cg3>o(.)$� U-4001 (.n9 !" 2.3) |a !"t4z(01dก,410ก ก0.d9a!"2�.c4�j

7a�%%0�f(%(,daxก+.(� (electron transition)f(%50+).$(%.(2 g.o( 10กก0.u$029.c1) (charge transfer) 

.cg�$0%50+).$(%.(2 g.o( 10ก/n�23กa0%#! (color centers)g.o(>�0*jก7.$(%q�=>.%#.z0% (defect 

centers)  !"#0*0.u v0qgzdก,4ก0.dao(ก4n4กao� (selective absorption) >ao"�h#%j0%l$�%  !"(01*!|a+$(

ก0.dก,4#!f(%(�k*b!d*x4��w�~ 

 

                                   

          .n9 !" 2.3 (UV-VIS-NIR) Spectrometer (Model U-4001) f(% #�(.   !"qlz#v0g.�jก0./:ก<0q�>.�w%�!w 
 
 
Fourier Transform Infrared (FTIR)  
/:ก<0.n9hjjก0.4n4กao�h#%q�l$�%(,�r.0d.4f(%(�k*b! >$0 !"t4zd9p�>$07a�%%0�f(%ก0.2o4g.o(ก0.g4
hf�i02q�=*daก)a(c+(*i02q�7a(2  !"+(j#�(%+$(>ao"�q�l$�%(,�r.0d.4 4�%��w�>$0 !"��4#0*0.uj(ก
=>.%#.z0%hac7��5cf(%=*daก)a !"(2n$q�+��(2$0%*n�#=+�t4z d>.o"(%*o( !"qlzq�ก0.�,d>.0cg3>o(.)$� NEXUS 
670 (.n9 !" 2.4) 
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.n9 !" 2.4 Fourier Transform Infrared (FTIR) Spectrometer (Model NEXUS 670) f(% #�(. !"qlz#v0g.�j
ก0./:ก<0 
Laser Raman Spectroscopy  
/:ก<0=42qlzh#%dads(.3#!df!2�2,%|$0�dfz0t9q�+��(2$0% v0qgz=*daก)adก,4ก0.f2�j hac#$%|$0�7a�%%0�q�
.n9f(% Raman Shift  !"d9p�>$0de70cf(%h.$h+$acl�,4 q�ก0.�,1�2>.�w%�!wt4z v0ก0.�,d>.0cg34z�2d>.o"(% 
Laser Raman Spectroscopy (Model Invia Raman microscope) (.n9 !" 2.5) 
 

                                     
.n9 !" 2.5 Laser Raman Spectroscopy (Model Invia Ramam microscope) f(% #�(. qlz#v0g.�j
ก0./:ก<0>.�w%�!w 
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2.3.2 �(ก�
���
'���
����(ก�
�.����� 

1�4d+.!2*+��(2$0%=42+�4h|$�g,�j0%t*$f�4*��1v0��� 4  +��(2$0% hach|$�g,�j0%f�4*��1v0��� 2      

+��(2$0%10กกz(�*n�#=+�10กhga$%9.cd //.!a�%ก0  !"i0>�,l05.b!�, 20 >bc�, 20/0#+.3 1)m0a%ก.b3

*g0�, 20a�2     f�w�+(�h.ก >o( �v0+��(2$0%*0+�4 =42qlzd>.o"(% Buehler Slab  Saw  =2+�4ga024z0�d7o"(

dao(กg�z0 !"dgx�a�ก<bcก0.d.!2%+��f(%h.$ !"l�4 !"#)4 10ก��w�  v0ก0.+�4g�z0 !"dao(กhaz�+,4ก.c1ก4z�2ก0� 

Epoxy qlz|%f�4 !"*!f�04g20j 600 hac 1000 d*l f�4|,�g�z0f(%h|$�g,�j0%d.!2jd#*(ก��  v0>�0*

#c(044z�2d>.o"(% Ultra Sonic Cleaner  +$(*0�v0h|$�g,�j0%*0f�4*��=42qlzd>.o"(% Struers Rotopol-35 

(6µ) hacd>.o"(% Struers DP-U4 (3µ) +0*av04�j =42 v0>�0*#c(04h|$�g,�j0%f�4*��q� )ก ~ f�w�+(�

4z�2 Ultra Sonic cleaner   

ก
��(ก�
���
'���
 

 v0ก0./:ก<0/,a0�..b0f(%h|$�g,�j0%i02q+zกaz(%1)a ../�3h#%=7a0ta+3 (Olympus model 

BH-2) (.n9 !" 2.6) /:ก<0ก0.d.!2%+��f(%.,w�h.$hac(%>39.cก(jf(%h.$f(%*n�#=+� 

                                                 

 

     .n9 !" 2.6 กaz(%1)a ../�3h#%=7a0ta+3 (Olympus model BH-2)  !"qlzq�ก0./:ก<0>.�w%�!w  

q�ก0./:ก<0/,a0�..b0i02q+zกaz(%1)a ../�3h#%=7a0ta+3 t4z/:ก<0ก0.d.!2%+��f(%.,w�h.$ s:"%

#0*0.u !"1cdgx�a�ก<bc !"กa$0�t9haz���w�t4z(2$0%l�4d1�  �w%�!wก0./:ก<0ก0.d.!2%+��f(%.,w�h.$hacก0.

+(j#�(%f(%h#%+$(h.$#0*0.u/:ก<0>�j>n$t9ก�j .(2h+ก hac Birefringence  !"#0*0.uj$%j(กu:%

a�ก<bcde70cf(%h.$t4zl�4d1�f:w�(!ก4z�2 
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 ก
��(ก�
�.����� 

 >�4dao(กh|$�g,�j0%f�4*��f(%กa)$*+��(2$0%*n�#=+�10กhga$%ac 2 +��(2$0%  v0 X-ray 

Mapping ก0.ก.c102+��f(%50+)ga�ก dl$� Na, K, Ca, Si, Al hac v0ก0.�,d>.0cg3(%>39.cก(j 0%d>*!

f(%h.$h+$ac.,w�h.$9.c*0b 20 1)4+$(+��(2$0% 4z�2d>.o"(% Electron Probe Micro-Analyzer (EPMA) 

(JEOL model JXA-8100) (.n9 !" 2.3-6)  !"i0>�,l05.b!�, 20 >bc�, 20/0#+.3 1)m0a%ก.b3*g0�, 20a�2 

#v0g.�j>$0*0+.�0� !"qlzq��,d>.0cg3 qlz Pure oxide standards #v0g.�j�,d>.0cg3 P, Mg, Mn, Fe hac Ti 

hac Mineral standards #v0g.�j�,d>.0cg3 Si, Al, Na, K hac Ca  t4z v0ก0.�,d>.0cg3+��(2$0% !"#i0�c

d>.o"(%4�%+$(t9�!w  15.0 kV acceleration voltage, 2.18x10-8 A probe current. 

 

 

                      

       .n9 !" 2.7 d>.o"(% Electron Probe Micro-Analyzer (JEOL model JXA-8100)  !"qlz#v0g.�jก0./:ก<0

q�>.�w%�!w 
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"���) 3 

A�'��.�
��$ 

3.1 *�'���

�+��I*� 

 10ก+��(2$0%*n�#=+�  !"t4z�v0*0 v0ก0./:ก<0.�* �w%#,w� 17 +��(2$0% 10กhga$%9.cd /7*$0 

1v0���  11  +��(2$0% hac9.cd //.!a�%ก0 1v0���    6 +��(2$0% 7j�$0 �w%#(%hga$%*!a�ก<bc !">az02>a:%

ก��  กa$0�>o(a�ก<bc=42 �"�t91ct*$*!#! =9.$%h#% *!>�0*�0�>az02*)ก =42 !"f�04f(%*n�#=+�10กhga$%

9.cd /7*$0*!f�04 2 -3 ds�+,d*+. hac*n�#=+�10กhga$%9.cd //.!a�%ก0*!f�04 3- 4 *,aa,d*+.s:"%*!

a�ก<bcdgao(h#%��af0�hac*!>�0*�0�>az02*)ก4�%.n9 3.1 

 

     

 

                  

    .n9 !" 3.1h#4%a�ก<bcก0.dgao(jh#%��af0�s:"%*!a�ก<bc>�0*�0�>az02*)ก 

   MM-002 

   MS0010 

2 cm 

4 mm 
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+��(2$0%*n�#=+�10กhga$%9.cd /7*$0 �w% 6 t4z�v0*0+�4hacf�4g�z0d.!2jd7o"(#c4�ก+$(ก0.+.�1��4

#*j�+,+$0%~ #$��*n�#=+�10กhga$%9.cd //.!a�%ก0t*$t4z�v0*0+�4d�o"(%10ก*!f�04daxก4�%h#4%q�.n9 3.2 

#v0g.�j.n9+��(2$0%*n�#=+�10กhga$%9.cd /7*$0ก$(�+�4hacf�4.�j.�*t�zq�i0>|��ก ก  

*n�#=+�10กhga$%9.cd /7*$0 

 

                            

*n�#=+�10กhga$%9.cd //.!a�%ก0 

 

                                                                               

                                                                                           

                                                      

 

   .n9 !" 3.2 +��(2$0%*n�#=+�10กhga$%9.cd /7*$0hac9.cd //.!a�%ก0 !"qlzq�ก0./:ก<0>.�w%�!w 

   MM001    MM002    MM003    MM004    MM005    MM006 

   MS001 

   MS0010 

   MS009    MS006 

   MS008    MS005 

   MS007 
   MS004 

   MS003 

   MS002 

4 mm 

4 mm 

4 mm 
4 mm 4 mm 

4 mm 
4 mm 4 mm 

4 mm 
4 mm 

2 cm 2 cm 2 cm 2 cm 2 cm 2 cm 

 2 cm
 

 
      MRS001 ��������ก������� ��!�ก"#$��%&'()**&+$��ก� 
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3.2 ��ก����

ก
��
	 

 #*j�+, 0%ก02i07+��(2$0%*n�#=+� �w%g*4h#4%#.)9t�zq�+0.0% !" 3.1 hac.02acd(!24f(%

+��(2$0% �w%g*4.�j.�*t�zq�i0>|��ก f 

+0.0% 3.1 #.)9a�ก<bc 0%ก02i07hac#*j�+, 0%(�k*b! 

       Size (ct.)             RI            SG                   Fluorescence 

 

     1.515 -  1.530 

 

  2.548  _ 2.621 

             SW             LW 

     0.17 _ 7.30      Orangey Red              Inert (Blue) 

 

 +��(2$0%*n�#=+�10กhga$%9.cd /7*$0hac9.cd //.!a�%ก0 =42 �"�t97j�$0t*$*!#! hacdgao(j

h#%��af0�*!>�0*�0�>az02*)ก *!�wv0g��ก(2n$q�l$�% 0.17 -7.30 กc.�+ >$0>�0*u$�%1v0d70c(2n$q�l$�% 

2.548 _ 2.621 >$04�l�!g�กdg(2n$q�l$�% 1.515 _ 1.530 +��(2$0% �w%g*4h#4%ก0.d.o(%h#%#!h4%(*#z*

i02q+zh#%dg�o(*$�%l$�%>ao"�#�w� (shortwave ultraviolet) q�fbc !"i02q+zh#%dg�o(*$�%l$�%>ao"�20� 

(long wave ultraviolet) +��(2$0% �w%g*4t*$h#4%ก0.d.o(%h#%dgx�d7!2%#!�wv0d%,�90�กa0% 

3.3 ก
��+�ก�H���
 FTIR  

 +��(2$0%f(%#d9>+.�*ก0.4n4กao�h#% FTIR f(%*n�#=+�10กhga$%9.cd /7*$0hac9.cd //.!

a�%ก01�4h#4%q�.n9 3.3 hac 3.4 =42+��(2$0%j0%#$��t4z.�j.�*t�zq�i0>|��ก > +��(2$0% �"�t9 !" v0ก0.

�,d>.0cg31c7jก0.4n4กao�f(% O _ H  stretching  !"+v0hg�$% 3450 _ 3700 cm-1  s:"%j(กu:%>�0*low�f(%

*n�#=+�  s:"%|a10กก0.�,d>.0cg3��w� 7j�$0t4z>$0q�l$�%ก0.4n4กao�h#%*!h��=�z*t9q�l$�%d4!2�ก�� �w% 2 

hga$%  u:%h*z|a1กก0.�,d>.0cg3q�>.�w%�!w1c7jd7!2% O _ H  stretching t*$7j7��5c(o"�~h+$ก0.4n4กao�

h#%q�l$�% !"7j�!wกx#0*0.ud9p�+��hj$%กa)$*h.$s,a,dก+((ก10กก��=42q�l$�% O _ H  stretching #0*0.u

h2กกa)$* Tectosilicate ((ก10ก Phyllosilicate s:"%*n�#=+�1�4(2n$q�กa)$*2$(2f(%  Tectosilicate   
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                    .n9 !" 3.3 FTIR spectrum f(%+��(2$0%*n�#=+�10กhga$%9.cd /7*$0 (MM005) 

 

                   

                   .n9 !" 3.4 FTIR spectrum f(%+��(2$0%*n�#=+�10กhga$%9.cd //.!a�%ก0 (MS002) 
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3.4 ก
��+�ก�H���
-�'
 UV-VIS-NIR 

 +��(2$0%f(%#d9>+.�*ก0.4n4กao�h#%l$�%  UV-VIS-NIR f(%*n�#=+�10กhga$%9.cd /7*$0hac

9.cd //.!a�%ก01�4h#4%t�zq�.n9 !" 3.5 hac 3.6 =42+��(2$0% !"�,d>.0cg3j0%#$��.�j.�*t�zq� i0>|��ก % 

h��=�z* !"t4z7j�$0*!a�ก<bc>az02ก��>o(t*$7jก0.4n4กao�h#%f(%*n�#=+�q� )กl$�%>ao"�d�o"(%10ก*n�#

=+� !"�v0*0�,d>.0cg3��w�t*$*!#!4�%��w�q�ก0.�,d>.0cg31:%t*$7j.$(%.(2f(%50+) !"qgz#!f(%*n�#=+� 

                     

                       .n9 !" 3.5 ก0.4n4กao�l$�% UV-VIS-NIR f(%*n�#=+�10กhga$%9.cd /7*$0 (MM004) 

                       

                    .n9 !" 3.6 ก0.4n4กao�l$�% UV-VIS-NIR f(%*n�#=+�10กhga$%9.cd //.!a�%ก0 (MS001) 
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3.5 �������)	"�
กก
�'��.�
��$�.�H)�
 Laser Raman Spectroscopy   

 +��(2$0%*a ,� !"7jd9p�a�ก<bch|$�+,4(2n$q�*n�#=+� 7jq�hga$%9.cd /7*$0s:"%10กก0.

�,d>.0cg37j�$0(2n$q�กa)$*h.$  Calcite haca�ก<bc7ow�|,� �"�t9f(%*n�#=+� 4�%.n9 !" 3.7 hac 3.8 

 

                                 .n9 !" 3.7 Raman spectrum f(%h.$ Rhodochrosite s:"%(2n$q�กa)$* Calcite 

 

 

                                    .n9 !" 3.8 Raman spectrum j�7ow�|,� �"�t9f(%*n�#=+� 
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3.6  �������H%�K� 

 *a ,�d�ow(q� !"7jq�+��(2$0%*n�#=+� !"7j*0กhacl�4d1�=42de70c10กhga$%9.cd /7*$0 

9.cก(j4z�2a�ก<bc  fingerprints (.n9 !" 3.9 )  a�ก<bc $(  Growth tubes   (.n9 !" 3.10 )  |a:ก+$0%

#u0�c (.n9 !" 3.11)  $(กa�% (hollow tube) (.n9 !" 3.12 ) |a:ก+$0%#u0�c(.n9 !" 3.13) hacก0.ก.c102d9p�

1)4 ~ d.!2ก�$0 pinpoint .n9 !" (3.14) 

                  

.n9 !" 3.9 h#4%a�ก<bc>az02a02�,w�*o( (fingerprint s)          .n9 !" 3.10 h#4%a�ก<bc $( ( Growth tube)  

                 

.n9 !" 3.11 d9p�i07h#4%|a:ก+$0%#u0�c                            .n9 !" 3.12 h#4%a�ก<bc>az02 $(กa�% (hollow tube) 

               

.n9 !" 3.13 h#4%a�ก<bc|a:ก+$0%#u0�c                            .n9 !" 3.14 h#4%ก0.ก.c102d9p�1)4 ~ d.!2ก�$0 pinpoints 
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3.7 ���
'���
��
กB���+��I*��
ก����
�����������
ก
 

 

  

 

.n9 !" 3.15 .n9j�sz02h#4%กz(�*n�#=+�, .n9f�0j�h#4% ,/ 0%ก0.d.!2%+��f(%.,w�h.$ !"dก,410ก

ก.cj��ก0. Exsolution, i07a$0%sz02h#4%a�ก<bc.,w�h.$sz(�ก�jh��>a!d�1i02q+zกaz(%1)a ../�3h#%=7

a0ta+3 (XPL) hac.n9a$0%f�0h#4%h��>a!d�1 2 h�� !" v0*)* 90 (%/0s:"%d9p�a�ก<bcd4$�f(%h.$((.3= 

d>a#dra43#90.3 

                   9ก+,  b  !"()bgin*,#n%h.$ Alkali feldspar dก,410กg,�g�o4d2x�+��(2$0%.�4d.x�1cdก,4d9p�h.$
.�*l�,4d4!2�hjjt*$h2ก+�� (solid solution)  h+$uz0g,�g�o4*!ก0.d2x�+��(2$0%lz0 ~ h.$ Alkali feldspar 1c
dก,4h2กh.$d9p�#(%h.$>o( h.$ K-feldspar (*! K #n%) hach.$ Albite ( *! Na #n%) d.01cd.!2ก|af(%ก0.dก,4
d�ow(|a:กh2ก+�� ( Exsolution)  !"*!#0dg+)*010กก0.d2x�+��f(%g,�g�o4(2$0%lz0 ~  �$0 d�ow(.(2h#z g.o( 
Perthitic texture s:"%g*02u:%d�ow(g,� !"h.$ K- feldspar (host)  *!h.$ Albite d9p�h�� ~ (lamellae)  >04(2n$
dg*o(�.(2h#z hac#0*0.udgx� ,/ 0%f(%h��ก0.d.!2%+��f(%h.$ 
 

0.25 mm 

0.25 mm 0.25 mm 
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3.8 ก
��(ก�
�.����� 

   10กก0.�,d>.0cg3hac/:ก<0/,a0�..b0h|$�g,�j0%f�4*��4z�2กaz(%1)a ../3h#%=7a0ta+3 .,w�h.$

 !"dgx�d9p�ก0.>04>cd�q�djow(%+z� 4�%��w�ก0. !"1c#.)9|a(011c>a04d>ao"(�t4zd�o"(%10กh|$�g,�j0% !"

�v0*0/:ก<0>$(�fz0%g�0 4�%��w�1:%+z(%(0/�2|a10กd >�,>�,d>.0cg3 X-ray mapping 4z�2 EPMA *0d9p�

fz(*na9.cก(jq�ก0./:ก<0/,a0�..b0 s:"% v0qgzdgx�ก0.ก.c102+��f(%50+) Na hac K t4z>$(�fz0%l�4d1�

4�%.n9 !" 3.16 

 

 

                     .n9 3.16 X-ray mapping 4z�2d >�,>f(% EPMA f(%h|$�g,�j0%f�4*��+��(2$0%*)�#=+�

10กhga$%9.cd //.!a�%ก0 7j�$0d9p� K-rich d9p�#$��qgk$hac*!.,w�f(% Na-rich h .ก#a�j
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  MRS001 1 2 3 4 5 6 7 8 9 10 

SiO2 64.02 66.64 64.29 64.04 64.77 64.89 64.22 66.72 64.19 64.86 

   Na2O   2.16 8.35 2.55 2.33 3.65 4.30 2.04 7.27 2.53 3.99 

   FeO    0.10 0.06 0.07 0.03 0.03 0.05 0.00 0.08 0.07 0.05 

   CaO    0.10 0.15 0.12 0.14 0.28 0.13 0.13 0.16 0.10 0.18 

   P2O5   0.02 0.01 0.04 0.03 0.12 0.04 0.03 0.02 0.02 0.05 

   Al2O3  18.71 19.48 18.63 18.62 18.81 18.98 18.65 19.79 18.82 18.89 

   MgO    0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

   MnO    0.00 0.06 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 

   TiO2  0.04 0.04 0.00 0.04 0.01 0.02 0.00 0.05 0.02 0.00 

   K2O    13.10 4.60 12.75 13.09 10.47 9.45 13.07 4.46 12.37 10.39 

  Total   98.25 99.39 98.45 98.31 98.14 97.87 98.15 98.55 98.11 98.42 

Formula 8(O)            

Si 2.99 2.98 2.99 2.98 3.00 3.01 3.00 3.03 2.97 2.99 

Na 0.19 0.72 0.23 0.21 0.33 0.39 0.18 0.64 0.23 0.36 

Fe 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Ca 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01 

P 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Al 1.03 1.03 1.02 1.02 1.03 1.04 1.03 1.06 1.03 1.03 

Mg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

K 0.78 0.26 0.76 0.78 0.62 0.56 0.78 0.26 0.74 0.61 

Total 4.99 5.00 5.01 5.00 4.99 5.01 5.00 5.00 4.97 5.00 

+0.0% !" 3.2 ก0./:ก<0d>*!h.$10ก.,w�h.$ !"dก,410กก.cj��ก0. Exsolution f(%กz(�*n�#=+�10กhga$%9.cd //.!a�%ก0=42 EPMA 7j�$0d9p� K-feldspar d9p�#$��qgk$hac*!.,w�f(% Na-feldpar h .ก
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MM001 1 2 3 4 5 6 MS0002 1 2 3 4 5 6 
SiO2 65.87 65.62 65.70 65.12 66.23 65.01 SiO2 65.27 65.93 65.48 65.55 65.81 65.90 

   Na2O   3.82 3.50 3.70 3.72 3.45 3.75 Na2O 3.82 3.84 3.80 3.72 3.75 3.82 
   FeO    0.07 0.04 0.07 0.06 0.07 0.08 FeO 0.02 0.05 0.00 0.03 0.02 0.00 
   CaO    0.21 0.20 0.20 0.24 0.26 0.26 CaO 0.31 0.29 0.28 0.28 0.28 0.30 
   P2O5   0.02 0.02 0.00 0.01 0.06 0.02 P2O5 0.02 0.00 0.02 0.00 0.00 0.01 
   Al2O3  18.51 18.89 18.60 18.74 18.73 18.63 Al2O3 18.68 18.82 18.66 18.67 18.84 18.68 
   MgO    0.00 0.00 0.00 0.00 0.00 0.00 MgO 0.00 0.00 0.01 0.00 0.00 0.00 
   MnO    0.00 0.00 0.01 0.00 0.00 0.00 MnO 0.00 0.00 0.01 0.02 0.00 0.06 
   TiO2  0.00 0.00 0.00 0.00 0.01 0.00 TiO2 0.00 0.02 0.00 0.00 0.01 0.00 
   K2O    9.76 9.01 9.83 9.40 9.13 9.38 K2O 10.06 9.93 9.88 9.95 9.90 10.03 
  Total   98.25 97.28 98.12 97.29 97.92 97.13 Total 98.18 98.88 98.14 98.23 98.61 98.79 

Formula 8(O)       Formula 8(O)        
Si 3.05 3.08 3.05 3.05 3.10 3.05 Si 3.03 3.04 3.04 3.04 3.04 3.04 
Na 0.34 0.32 0.33 0.34 0.31 0.34 Na 0.34 0.34 0.34 0.33 0.34 0.34 
Fe 0.00 0.00 0.00 0.00 0.00 0.00 Fe 0.00 0.00 0.00 0.00 0.00 0.00 
Ca 0.01 0.01 0.01 0.01 0.01 0.01 Ca 0.02 0.01 0.01 0.01 0.01 0.01 
P 0.00 0.00 0.00 0.00 0.00 0.00 P 0.00 0.00 0.00 0.00 0.00 0.00 
Al 1.01 1.05 1.02 1.03 1.03 1.03 Al 1.02 1.02 1.02 1.02 1.03 1.01 
Mg 0.00 0.00 0.00 0.00 0.00 0.00 Mg 0.00 0.00 0.00 0.00 0.00 0.00 
Mn 0.00 0.00 0.00 0.00 0.00 0.00 Mn 0.00 0.00 0.00 0.00 0.00 0.00 
Ti 0.00 0.00 0.00 0.00 0.00 0.00 Ti 0.00 0.00 0.00 0.00 0.00 0.00 
K 0.58 0.54 0.58 0.56 0.55 0.56 K 0.60 0.58 0.58 0.57 0.58 0.59 

Total 4.99 5.00 4.99 4.99 5.00 4.99 Total 5.01 4.99 4.99 4.97 5.00 4.99 

+0.0% !" 3.3 ก0./:ก<0d>*!h.$ !"dก,410กก.cj��ก0. Exsolution f(%*n�#=+�10กhga$%9.cd /7*$0 (MM001)  hachga$%10ก9.cd //.!a�%ก0(MS002)  =42 EPMA 
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"���) 4  

�����
��������A�ก
�'���� 
 

4.1 �����
�A�ก
�'���� 
 

                    10กก0.�,d>.0cg3*n�#=+� �w% 17 +��(2$0%10กhga$%9.cd /7*$0hac9.cd //.!a�%ก0 7j�$0

=42 �"�t9 #*j�+, 0%ก02i07hac 0%h#% )ก+��(2$0%*!h��=�z*t9q� ,/ 0%d4!2�ก��q�l$�%9ก+,f(%*n�#

=+� *!a�ก<bcก0.dgao(jh#%��af0� *!a�ก<bc>$(�fz0%q#hact*$*!#! *!f�04+�w%h+$ 4 **. _ 3 s*. 

�wv0g��ก 0.17 -7.30 กc.�+ >$0>�0*u$�%1v0d70c(2n$q�l$�% 2.548 -2.621  >$04�l�!g�กdg(2n$q�l$�% 1.515 -

1.530 a�ก<bcก0.d.o(%h#%i02q+zh#%dg�o(*$�%qgzh#%#!h4%(*#z*q�l$�%>ao"�#�w� ก0./:ก<0=42d>.o"(% 

FTIR 7j�$0*!.n9hjjก0.4n4กao�h#%f(% O-H Stretching q�l$�% 3450-3700 cm-1 10กก0./:ก<0=42

d>.o"(%   UV-VIS-NIR Spectrometer  7jก0.4n4กao�h#%da2d�o"(%10ก+��(2$0%*!t*$*!#! ก0.�,d>.0cg3=42

d>.o"(% Laser Raman +��(2$0%*a ,� !"7jd9p�a�ก<bch|$�+,4(2n$q�*n�#=+�hga$%9.cd /7*$0 7j�$0(2n$

q�กa)$*h.$  Calcite    

                   10ก !"กa$0�t9haz�q�djow(%+z�u:%a�ก<bcde70c 0%(�k*b!f(%*n�#=+�   h+$1)49.c#%>3ga�ก

f(%ก0./:ก<0q�>.�w%�!w+z(%ก0./:ก<0>)b#*j�+,de70cf(%*n�#=+�s:"%กx>o(a�ก<bcf(%ก0.dgao(jh#%f(%

*n�#=+��$09}11�2q4 !"d9p�9}11�2ga�ก !" v0qgzdก,49.0กyก0.b3 0%h#% !"d.!2ก�$0  Adularescence  1:%+z(%

 v0ก0./:ก<0 0%4z0�/,a0�..b0 !"dก!"2�ก�j+��h.$f(%*n�#=+�.�*t9u:%ก0./:ก<0d>*!h.$   |a10ก

ก0./:ก<0/,a0�..b0hacd>*!h.$ >04�$0h.$ !"dก,4d9p�*n�#=+���w�dก,4 b  !"()bgin*,#n% >o(h.$ Alkali 

feldspar dก,410กg,�g�o4d2x�+��(2$0%.�4d.x�1cdก,4d9p�h.$.�*l�,4d4!2�hjjt*$h2ก+�� (solid solution)  

>04�$0g,�g�o4*!ก0.d2x�+��(2$0%lz0 ~ h.$ Alkali feldspar 1:%dก,4h2กh.$d9p�#(%h.$>o( h.$ K-feldspar (*! K 

#n%) hach.$ Albite ( *! Na #n%) d.0d.!2ก|af(%ก0.dก,4d�ow(|a:กh2ก+�� ( Exsolution)  !"*!#0dg+)*010กก0.

d2x�+��f(%g,�g�o4(2$0%lz0 ~  �$0 d�ow(.(2h#z g.o( Perthitic texture s:"%g*02u:%d�ow(g,� !"h.$ K- feldspar 

(host)  *!h.$ Albite d9p�h�� ~ (lamellae)  >04(2n$dg*o(�.(2h#z hac#0*0.udgx� ,/ 0%f(%h��ก0.d.!2%

+��f(%h.$4�%กa$0�  d*o"(/:ก<0ก0.+(j#�(%f(%h#%+$(h.$i02q+zกaz(%1)a ../�3hjj=7a0ta+3 !"d9p�h#%

hก�d4!2�  7j�$0d*o"(h#%g�กdg|$0�dfz0#n$+��*n�#=+� !"*!a�ก<bc  Perthite b j.,d�b�!w1c v0qgzdก,4ก0.
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+(j#�(%f(%h#%+$(h.$=42dก,4h .ก#(4f(%h#%q�h+$ac.,w�h.$s:"%9.cก(jt94z�2h.$ K-feldspar (*! K 

#n%) hach.$ Albite ( *! Na #n%)  s:"%d9p�9}11�2ga�ก !" v0qgzdก,4ก0.dgao(jh#%f(%*n�#=+� 

 

4.2 ����A� 

  1 a�ก<bcde70c 0%(�k*b!f(%*n�#=+�f(%+��(2$0%10กhga$%9.cd /7*$0hac 

                 9.cd //.!a�%ก0*!a�ก<bcde70chac*!h��=�z*t9q� ,/ 0%d4!2�ก�� 

           2    10กก0./:ก<0/,a0�..b0hacd>*!h.$7j�$0ก0. !"*n�#=+�dก,4ก0.dgao(jh#%��a 

                 f0�t4zก0.+(j#�(%f(%h#%+$(h.$ !"dก,410กก.cj��ก0. Exsolution  

                4�%i07q�i0>|��ก 1  
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ก(%d/.<�ก,1hacd|2h7.$. 2526. h.$ก.* .�720ก.5.b!. 7,*73>.�w% !" 3. /.!d*o(%ก0.7,*73,  
 
*%>a   .�723t7/0a. 2551 .#..7>)b�,d/< 100 (�k*b!hacg,�#! d#.,*#$%4�%lc+0-d2!2�20.�ก<0=.>

.z02.j.,<�  h(a  ! d7.# 1v0ก�4: #v0��ก7,*73d7l.#!�wv0d%,�,  

#)*0a! d 7=#7..b. 2546. �,d>.0cg3(�k*b!. 1,000 da$*. 7,*73>.�w% !" 4 .j.,<� 4$0�#) 50ก0.7,*731v0ก�4: 

#u0j��(�k*b!�, 23 (9.cd /t 2), 
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   .n9+��(2$0%*n�#=+�(ก$(�+�4hacf�4)10กhga$%9.cd /7*$0 

 

 

 

 

 

MM-001 

MM-006 MM-005 
MM-004 

MM-003 
MM-002 

2 cm. 

2 cm. 
2 cm. 2 cm. 

2 cm. 
2 cm. 
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No 
  

Sample ID. 
  

Size(ct.) 
  

Color 
  

RI 
  

SG 
  

   Fluorescence  

SW LW 
1 MM001 2.098 Colorless 1.518-1.530 2.568 Orangey Red Blue 
2 MM002 1.360 Colorless 1.518-1.522 2.563 Orangey Red Blue 
3 MM003 5.018 Colorless 1.518-1.525 2.557 Orangey Red Blue 
4 MM004 0.764 Colorless 1.518-1.530 2.564 Orangey Red Blue 
5 MM005 7.307 Colorless 1.515-1.531 2.552 Orangey Red Blue 
6 MM006 2.640 Colorless 1.518-1.525 2.562 Orangey Red Blue 
7 MS001 0.254 Colorless 1.518-1.527 2.585 Orangey Red Blue 
8 MS002 0.508 Colorless - 2.586 Orangey Red Blue 
9 MS003 0.215 Colorless 1.520-1.525 2.568 Orangey Red Blue 
10 MS004 0.448 Colorless - 2.598 Orangey Red Blue 
11 MS005 0.195 Colorless - 2.583 Orangey Red Blue 
12 MS006 0.245 Colorless - 2.567 Orangey Red Blue 
13 MS007 0.496 Colorless - 2.548 Orangey Red Blue 
14 MS008 0.252 Colorless - 2.594 Orangey Red Blue 
15 MS009 0.414 Colorless - 2.621 Orangey Red Blue 
16 MS0010 0.270 Colorless - 2.607 Orangey Red Blue 
17 MRS001 2.156 Colorless - 2.581 Orangey Red Blue 

 

g*02dg+)    q�ก0.g0>$04�l�!g�กdg (RI) f(%*n�#=+�10กhga$%9.cd //.!a�%ก0��w�  d�o"(%4z�2a�ก<bcf(%ก0.d1!2.ct�

d9p�hjjga�%dj!w2 1:% v0*!|a+$(ก0.g0>$04�l�!g�กdghac(01#0*0.u��4>$04�l�!g�กdg t4zjz0%q�j0%+��(2$0% s:"%ก0.g0>$0

4�l�!g�กdgf(%q�a�ก<bc�,5!�!w 1v0d9p�+z(%g0>$04�l�!g�กdg+z(%g0hjj  spot s:"%h+ก+$0%10ก�,5!5..*40 .�* �w%+��(2$0%

*n�#=+�10กhga$%9.cd //.!a�%ก0*!f�04>$(�fz0%daxก=42dea!"29.c*0b 3 _ 5 *,aa,d*+.  q�fbc !"*n�#=+�10กhga$%

9.cd /7*$0กa)$* !" 1 *!f�04 !"qgk$ก�$0=42dea!"29.c*0b 1.5 _ 2 ds�+,d*+. s:"%uz01chกz9}kg0=42ก0. v0h|$�j0%hjj

+��(2$0%กa)$* !" 110กhga$%9.cd /7*$0��w�>$(�fz0%20ก 

,�-.��ก /  "�0�/����$$�ก12')��ก��,�3"$'��4��5��6�2+/�������������� �� !�ก"#$��%&'()*3���"$'%&'()**&+$��ก� 
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FTIR spectrum  f(%*n�#=+�10กhga$%9.cd /7*$0 MM001 

 

FTIR spectrum  f(%*n�#=+�10กhga$%9.cd /7*$0 MM003 

 

FTIR spectrum  f(%*n�#=+�10กhga$%9.cd /7*$0 MM006 
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FTIR spectrum  f(%*n�#=+�10กhga$%9.cd //.!a�%ก0 MS004 

 

FTIR spectrum  f(%*n�#=+�10กhga$%9.cd //.!a�%ก0 MS006 

 

FTIR spectrum  f(%*n�#=+�10กhga$%9.cd //.!a�%ก0 MS008 
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FTIR spectrum  f(%กz(�*n�#=+�10กhga$%9.cd //.!a�%ก0 MRS001 
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                       ก0.4n4กao�l$�% UV-VIS-NIR f(%*n�#=+�10กhga$%9.cd /7*$0 (MM006) 

 

 

                    ก0.4n4กao�l$�% UV-VIS-NIR f(%กz(�*n�#=+�10กhga$%9.cd //.!a�%ก0 (MRS001) 

 

 



34 

 

�
.A�'ก � 

�
.A�'ก � i07h#4%ก0.+(j#�(%f(%h#%+$(h.$i02q+zกaz(%1)a ../�3hjj=7a0ta+3haci07.,w�h.$ 

 !"dก,410กก.cj��ก0. Exsolution =42 Black scattering 4z�2d >�,>f(% EPMA 

 

 

 

i07q�ก.(jh#4%ก0.+(j#�(%f(%h#%+$(h.$=42ก0.h .ก#(4f(%h#%q�f(%.,w�h.$ !"dก,410ก

ก.cj��ก0. Exsolution 

 

    i07.,w�h.$ !"dก,410กก.cj��ก0. Exsolution  =42 Black scattering 4z�2d >�,>f(% EPMA  
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