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�Qi1 et al.(2007)�E><�C@<�5�T5�5��CZ3 T�c �����"=�(�%�,h@��"�',(�4�"�>���"
�)���8�5��)�,:���(�'$�,-�%��&�`�ZO5�)>0(�*$�?��@<�"�)&�$�B>��`�<��(�)5�*U�a����
�" �)&�$�B>� �" �8>- �8��-5 �)>0(�*$ �?��@< �" �)&�$�B>� ���@�5 �*( ��c�Q��CA�
����6ZO���0GC� �%��0� �" �k�G� ��� _� �)5�( �'$�,-�%��& �V���6ZO�)>0(�*$ �?��@<
�&5�Q�<�Chile et al.(2004)�E><5�8�C@<�'$��(�5��)"�4������"�/>0��)CZ3 T�)5�(
��E><5�8��4 �8��_3$5 �',(�4"�>�� ��5C� �g5�N3$5 �" �1�2345 �)5�( �)>0(�*$ �)���B>�
����)>0(�*$�?��@< �"����B>��&5 �8��_3$5 �)5�( ��CTC���� <�3� �*( �Xue et al.(2004)

�)>0(�*$�)&�$�B>����@�5 �De Veslud et al.(2009) � �E><5�8��4�8��-5 �H��,\����$
��*�+���3#�$�'!>�h���P���"��;<=�'I3 (5"�"�'I3 :@��"����*�+�9�:��5�P�����
�"����*�+�`�Z <5�"�)&�$�H@3Z�����)>0(�*$�)&�$�B>��*,��&����"�8��4�V�"=����5�
�/�!>,���*0$C��Q�<�)��Z���p<�*fa<�&5�E><5�8��4�k�a����3;(��� _��"�k�G��S�:$���

E>,3 ��)�32�(�)>0(�*$�)�����M(�G��(�'����*<���$���Z�5�B�:<��*(��5Q�5�̀ �<
�*( �H��$ �'$�3$� �*4 ����! �*Z�3< �%�,Y �/5C��'� �8>- ���� �WU�f� �*( �*TC� ��(
�)�����U�0� �" �S�0U�f� ��� �H��$ �8��_3$5 �V5�( �'$�,-�%��& �)>0(�*$ �V���8�5�
�" �'O5�K���Cp,� �%�@� �*( �E�$5 ��5��C#�( �'�+�( ���@�5 �&5 ��C#�*(C< �*( ��'�5�T5
�&��<�c��'$�,-�%��&�8&CO����R"�����)>0(�*$�'<�D��S�7JK5�)���*<���$���Z�5

�E>�=�'����@-�*(������<�R�,3T5

�����!���������$��%&'��
����������
��������6#7	����9:�
�5;
�������	
�

�)�����U�0� �/C,4��� ����5� �'$�,-�%��& �'<�D� �)���8�5� �*A5�5 �*4 �'3�@�5 �*( �*TC� ��(
�S�C\ �R" ���� �'$�,-�%��& �)>0("� �'<�D� �)���8�5� �*A5�5 ��*,��& ��� �)��� (
�)5�(�R"�����'<�D��S�7JK5�63 �$�*(�/5C��'�������4�%�5��*M@T�&5�E�$5�*3��!
���3-C<�%�5����E (Nappi et al., 2008)��4�8��-5��#�$�%��&�8&�U�)���8�5��)�5>;I<
�)���8�5��)�5>;I<�)5�(�R"�����'<�D��S�7JK5�*<���$�c��)&�$�8���� �63 �$
��� �" �8>- �'$��( ��;<= �'�QT �)����D- ����o� �*( �9C(�� �S�7JK5 �" ���#�$�%��&
�'$��( �qc��Q��$s�)5�8&�U �)���3�5��� �%��0� �������63 �$�*<C!�%�5 �)���( �����;<
�*<C@<�(Indian Geology Servey, 2008)�>,��'$�,-�%��&�~MK5����$�E�$5�8>-

� �!
��"��#��$�%&�'()��	��"*�+%�,�-./0�1�2�	*�%���3�4�0�'05��X3D�'� �#6�&0��3����0



�


�/=����*4��$5�R"�����'$�,-�%��&�'<�D��S�7JK5�63 �$�c��&5�)�I���'M@7
�*�+��P�#�~,T�)���*�+��X3#�$�%��&�)���8�5��>,<���'$�,-�%��&�)���8�5��e5C<5
�V5�(�EEE"�%��&�uf$���&�"�%��&�uf$�'$�,-�%��&�S�7JK5��X$�,-�R=�S�7JK5
��;,��63 �$�%�5�S�<�D�5�E�$5�8>-�*A5�5��<�3,�5�k��K�&5�8>��2��"�'$�3$��'!��$
�/=������M���S�<�D�5�"��$5�)�("�<��8��$�S�<�D�5�"�'<�D��)���8�5��?��@<�>O���
�c��C�Q��$�)���8�5���(Nappi et al.,2002)�)�I����*<C@<����E�$5�8>2<�8><�Z,!
�S�7JK5�63 �$�k��K�&5��*UQU&��5>�"��)+�(�B�@3O5��(�)���/�D��/�5��/�2<�V5�(
�*4��$5�)�I���*,��&�)�;-�S�7JK5�����>��E�$5�8>-�*A5�5�R"�����'<�D�
���C��/=����R"�����'<�D��S�7JK5�)����63 �$��$C��'$�,-�%��&�)���8�5��*A5�5
��� �)���/�D� �'��$�,- ��� �'$�,-�%��& �)���8�5� ���@�5 �" ��$5 �*3��! ��5�G �*TC�

�E(Lan et al.,2008)��&�$�'��%-"��5��*UQU&�>,<���'$�,-�%��&�)���*i��O�d�0�
�)��!��D-��CT" ��( �)>0(�*$ �S�C\�*( �'$�,-�%��& �)���8�5� �*A5�5 ��*,��& ���
�%��& �)>0(�*$ �B>� �" �'$�,-�%��& �)���8�5� �W�4�� �>,<�� �S�a�a�� �&5 �)�$�c�
�)5�(�'M4��CK�*(�E�$5�8>2<�`�Z<5�)��!�62Y���U�0��/C,4���(Kimura et  al.,2008)

�"�)�5�!�P5�3-5�*(��Cp,��*(�R"�����)>0(�*$�'<�D��S�7JK5�63 �$�c����Z�5
E���!��5�G��p<�>����&��A� ��>��(�'$�,-�%��&�)���8�5��&5�8��_3$5

���!�����<=
������!�	>?��������@

�A)5;
�/>-�)>0(�*$��(�'!>�h���%�5�E>,3 ��)5�8>�h������ (�)���8�5��'$�,-�%��&�)���8�5�
�B�a3<5�`�I,�s����8�5��%�5�)&�$�B>������$5�`&+��"��%�5�&5�E�C-�'��/5>,Y�"���;<=
����'!>�h���%�5���#�S�pOJ��qR"������*(�>�UC�������&5�)>0(�*$�)���*2a<
�';T"���$5�`�Z<5��(�G�S�C\�*$�*(����8�5��)>0(�*$�)&�$�B>��E���!��p<����5�
�)5�(�';T"�)&�$�B>��E(Qi1 et al., 2007)�':�4���"�(volumetric)�'@ZO��(facial)

�E�C-�'���8�5��/�2<�*T"�c���(����&���'��@��/=����"��$5�W$�,��)�5��(�)���8�5�
�" �><C-�'��8�5� �?��@< �'@ZO�)���/�@U5 �&5 �8��_3$5 ��( �5QT5 �'@ZO�)&�$�B>����
�"�����)��5Q� �*4��$5�'-"��':�4�� ��U�O�E�$5 �W$�,� �)�3$��)���8�5� �)5�(

�E�C-�'��8��_3$5��5��(�)5�(�6��"��3$��)5�(�6��"���5��5��
"�
�6�a3 ��)�i5�B>��%�5�'(��&�(�"�8��#n�8C�<�"����8�5��)>0(�*$�)&�$�B>��
"�
�"��*(��@7�%�5�E�-5��>�5C#�R"�����)>0(�*$�'<�D��S�7JK5�63 �$�'�5��4��(
�HG5C�����"�8��4�8��#n�5��)>0(�*$�)���8�5��*4�/=�B"5���$5�)&�$�8������(�G�
"�
�*(�"�8>-���>:��)>0(�*$�B>��*(��"�$��$C��)>0(�*$�)���8�5����(��4��$5C#���
��$5C#���S�C\����"�8��4�8��#n�5��)>0(�*$�B>��*4�%�5�`"����C-�*A5�5��(��4
����"��C-�'��`�Z<5��"�$����)�32�(�
&5����B"5�
"�����E���!�*A5�5�B>����(��4
�%�5�(�,( �E�$5 �`&+�)>0(�*$ �)���8�5� �)&�$�8��#n �)5�( �)�32�( �)��� �`"� �
"�
����
"��"��%�5�&5�'D��>��(����8�5��6ZO�"�/5�(��4��5>0��"��"�$�)�����M(�G�*(�*3 (

�E�C-�R�N3<5�"��%�5�&5�':�4��
��.��%	"	3�A85;

�%�5�B�a3<5�"�><�5��)>0(�"��)���8�5��*(��: <�)��+�(�6ZO�)>0(�*$�)���B>��"����8�5�
�*(�5�����8�5��B�a3<5������>��(�%�5�(�,(�E>,4�'��B�@75�*D:-�*(�5��'�+�(�c��5������8�5�
�"�>,4���Z�5�)�3@4�6ZO�*4�>-�(�'��C\�*(�/=�)�5�!Q���*4���4�R�N3<5�'MD-
�/=����63 �$�eC<�%�5�*4�)5�*D:-��I���)C$�&5�E>-�(�*3-5��Q�<�5��)&�$�8��2����M(�G
E>-�(�c��5���%�5�)CI(5CT����>-�(�*3-5��':$�,��><�(�)�,;��'3 ��(��C-�'��)&�$�8����

$��%&'��
������B��C��A;5;
�/5C��'� �'U" ��><�5>< �5� �d�5C7 �)>0(�*$ �*A5�5 ���M(�G �'��;,� �*( �R"�)���I2��@<
�*4 ���4 ���Z�5 ��;<= ��� �5� �'��<5C� �%�5 ���ActiveX �" ���Plug-in �e5C<5 �&5 �8��_3$5 ��(
����-5�e5C<5�><5C3(�>��(�)>0(�*$��I2��@<�c��E><�"=����?��@<�*(�5��)>0(�*$�)���B>�

��4�O�/�D�5�"���"=���?��@<�*(�'$>,��"�)���x�V���X!]�"�'��@���(�5��)>0(�*$
�" ����plug-in �*4��-5� �*TC� �>��( �*3:U5 �E>�>( �5� ����-5 �/= ��� �LM3N� �)���8C�-�*(
�5� �'\�# �)������� ��� ����� �/��"= ��� �?��@< �*( �'��<5C� �`5>4 ��� ����ActiveX

�/"Q�5�"�>,4�*A5�5�5��':$�,��)>0(�*$�)&�$�B>��>��(����'U�a3<5������%�5�(�,(�E><�5�
�E>-�(�Q�<�W$�,��)���Plug-in�"��ActiveX��)5�5��%�5��(

���DE�F
��'��������
��#���AG5;
�&5 ��32�( �5� ���23<5 �V5�( �&��< ���C� �)���8�5� ��'$�,-�%��& �)>0(�*$ �WebGIS �c�
�)���?N( ��$5 �%D@� �/�!>,,4>�UC� �%�5 �E>,4�'� �%��l� �LM3N� �/�!>,,4�>�UC�
��� �q�C24 �'<>0� �S���2345 �" �'$�,-�%��& �/��&�$ �>,<��s �/��&�$ �c� �LM3N�
�'��7JK5�)���*�+"�eC,��*(�*TC���(�E>,-�(�LM3N��'\CF#�)����4�-�"����/��&�$
�)���5Q�5�̀ �< �" ��5Q�5��N$" �"  "8�5� �)�"=�H@T �" �>�UC� �)���
"�" ��"'$�,-�%��&
�)������� �" �����5><�3$5 �)5�5� ��CTC� �S�7JK5 ��"���8�5� ���M�� �" �)&�$�8��#n
�GIS63 �$ �c� �k��K �&5 �S�7JK5 �%�5 �*A5�5 �)5�( �%�5�(�,( �E�C( �>,�5C# �S"�_3�
�8��_3$5����8�5��%�5�>�UC��)5�(�>O5"�)�����5><�3$5�&5��$5�`&+��R"�����)>0(�*$
�"�&�(�)5�*<C!�*(�'3 ��(�/5�(��4�*(�)>0(�*$�)���8�5��*A5�5�������%�5��(�/"Q�5�E�C-
��CT"�'3O5��*(�/=�*(�'��7JK5�eC,3��)����������>:��/�D�5�*4��>-�(���5><�3$5
�)>0(�*$ �)���8�5� �)&�$�B>� �)5�( �W$�,� �'��<5C� �&5 �>��( ����� �%�5 �E>-�( �*3-5�

E>-�(��5��C#�(��>,3 ��8>�h���WMt5�*4�'$�,-�%��&
�
������F	-&'���H��E���B��E�AI5;�

�)>0(�*$�'<�D��S�7JK5��63 �$�c��)&�$�8�����"�'O5�K����6;����� ��&5�'D�
�)���8�5� �B�a3<5 �/�D�5 ��( �/"Q�5 �*4 ��$5 �W$�,� ����� �c� �R�N3<5 ��R" ����
�'_�\C��)���8�5��*4�>-�( �*3-5��5��/�D�5 �%�5 ���;<=�?��@< �V���X!]�"�"�'$>,�
�*(�'$�3$��/�D�5����-5�'$>,��?��@<��(�/"Q�5����>,4���@O��C#�85�@��*(�Q�< �5�
����*4�5��'�����$���"�?$���/5C3(�"�>-�(�*3-5���CT"�Q�<��;<=�'_�\C��S�7JK5
������>��(�����%�5��(�/"Q�5�E>���5��*Z�3<�"��5��`�Z<5�5���$5�`&+�'<�D��)���8�5����C�
�)"���(�/��4��c�M4��(�/5C3(�*4�>-�(�*3-5��5��/�D�5�%�5����8�5���!�?��@<�"�B�a3<5
��*Z�3<�?��@<�)5�(�`"QU�S�C\����"�>,4�B�$�5��'-�'��$�,-�)5�(�)�5>�"���'-
����o��>,3 ��?$���%�5��$���*4�5��'���-5�����'-�/5C3(��8>-�`�Z<5��$���"�?$��
�'3��$�R"�%�,Y�)&�$�8��������*4�)�I����*M� ��E�5��'��@,!�Q(��;<=�*(�"�8�5��.<�
�'(�N3<5 ������ �E�$5 �R"���� �)>0(�*$ �8��$ �)�����M�� �`�Z<5 �/�D�5 ���$5 �6;�
E�&�$�� ���5�������M���*<C!�%�5�`�Z<5�/�D�5�S�7JK5�)�5>;I<���3#�$��p<�&5�>��(

X3D�5G
�" �R�N3<5 �R" ���� �'$�,-�%��& �)>0(�*$ �GIS �c� ���Z�5 �" �'O5�K ��Cp,� �*(
E>�=�'����@-�*(�)>�M4�*3D<�c���>-�(�CIN$���5��+�(�S�pOJ��*4�'3����)��!��4�*(
���������5��+�(�)���&��<�%3#�$�8��"=�(����*4�':$�,��)�����M(�G�*(�*TC���(�X3D

E��C-�'����;,2���'$�,-�%��&�)>0(�*$�)���B>���8��#n�"�B�a3<5��)�5>;I<�)5�(�':$�,�
�*4��$5�)>0(�*$�)���B>��*A5�5�"�B��:��)5�(�(open source)�&�(������c��X3D

�'<�;T�/��&�$��$C�������B�$����"�8>-�*A5�5�Web3D�'MM@U5�%�(�`C�$� ,4��$C�
�VRML �`�< �*(�)�I��������X3D �&5�?���E�$5�8>-���5><�3$5���ISO) ���5><�3$5
�6ZO�"�/��&�/=�64�><�(�)�,;����U��*(�*4��C(�8>-�*A5�5�W3C��$C�������B�$���
�'<5>,Y�k��C��� <5C3<����4�'��5>���8>�h���d�5C7�*A5�5���������%�5�*4�'�+�(
�)���'��<5C� �
�3 ! �" �X3D ��C;x ��( ���5 �E>,4 �5>�� �R" ���� �)���*��<�( �/��� ���
����)>0(�*$�?��@<�)5�(�>��5���<�3,�5�><�(�)�,;��/"Q�5�&"��?�5Q�5��(�/��Q@���/=
�LM3N��WU�G�*$����><5C��'��*4��$5�',3�������c��X3D�E�$5�8>�=�>�>��R"

/���CF,��XM7�"�V&�:;-�V>;�



��

E(ISO,2003)�C-�)�5�!Q����Binary�"���������	
��
��
�
�

��8�4���#��*fa<�>,<��s�8��$�)���*$>,��&5�675�����*$>,��e5C<5�*A5�5�'��<5C��X3D

�><5C��'��"���5��5��'$>,��6p,��<�B�D-5�"�8>�h���)���*$>,��"�q9"�N��"�W0D�
����' �C<��|��D$5��(�%�,h@��E>,4�'<�:�32��5��EEE"�)&5����C<�����(��)Q��=�.<�
�%�5�&5�'D��E��4���Z�5�5��LM3N��)���5>�"��*(�'�CIN$�����M(�G�/5C��'���X3D

�/��&��-�!��(����8�5��5��/�D�5�%�5�X3D�*(���M(�G�%�5�E�$5�/��&��-�!�����5>�"�
�?��@<�)5�(�':$�,����M(�G�*4���5�I(�?��@<�*(���-5�&5�5��S"�_3��'MD-�"�>,4����o�
�?$���&5�'#�(�/5C��'��' �C<��|��D$5��(��I���)C$�&5�E�$5�/��&�'K����S5���o�

E��4��������)>0(�*$�B>��&5�5��'_�\C��S�7JK5����"��5��`�Z<5�5������$���"
�Plug-in�"�ActiveX�S�C\�*(�>,<5C��'��*4���5��)�>03��)���I2��@<�X3D

�?��@<�R"����5��X3D������*(�)>0(�*$�)���B>��"�><C-��F3��R"��I2��@<�*(
�S�<�D�5 ��( ���5 ���5� �'�+�( �6ZO �H:fU�( �" ��$5 �',3� �'3��� �X3D ����� �E>,��
��%�5��(�/"Q�5�E�5��?��4�)5�*pOJ���(�G��CK�*(�5��/=�6ZO�/5C��'���)�5�!Q��
�����63 �$�'�=��4�/5C��'��Ajax�)�"�,��"�XML�)�5�!Q���/��Q@��8��_3$5��(
�/5C��'��X3D�6ZO��(�*M(�a��)5�(�*4�)�I���
"��E>�2N(�)�32�(�)�a��5�5��R"
�)&�$�8��2���<�"��>:�����/=�)&�$�8��2��"�Binary�)�5�!Q���&5�8��_3$5����4�/5C,7

�E�$5�>Fa�����/=
)�5�!Q�� ���,4 ��� ��/= �/�C( �',3� �%�,h@� �" �/�C( ���5><�3$5 ���U� �*( �X3D

�S"�_3��)������7�63 �$�"����5Q�5��N$�����5Q�5�̀ �<��(�5��'�+�(�)��������0����XML

�E>���*A5�5�'(C#�*(���������'��@�����5��)>0(�*$�B>��><5C��'��"���5�

$��%&'��������	
���
������GIS�J�����������:����5I
����� �eC< �&5 ��il3� �R"��� �)>0(�*$ �'<�D� �S�7JK5 �*<���$ �c��)��@0� �'O5�K
�E�$5�EEE"�*<���$�)�����M(�G�����8�5��)&�$�8��#n�"�)&�$�B>��8C�<��8��_3$5���C�
�"�';T"�)&�$�B>��
"���(�"�X3D������&5�8��_3$5��(�)��@0��c�����3-C<�%�5���
�'$�,-�%��&�)>0(�*$�'<�D��S�7JK5�*<���$�c����Z�5�)5�(��*3����H�&C��S�C\�*(
�*3��� �H�&C� �)���*<���$ �B>� �z�$5 ��( �B>� �%�5 �Eq� ��D-s>- �'O5�K �R" ����
�LM3N� �)���?N( ����- �*<���$ �%�5 �E�$5 �8>- ��,( �R" ���� �'<�D� �S�7JK5
����;< ��� �" �Data Server,  Application Server, Map Server , Web Server

�"�LM3N��)��������������8�5��)�5>;I<�*_�x"�Data Server � �E�$5�*<���$��(��4
�&5 "J��4��$5�%D@��'D�Q���m��U�&5����8�5��E��5��8>;7�(�5��LM3N��)���
"��*(
�%3��!�?a<�Map Server�E>,-�(��F3��6���(�*D:-�k��K�&5��a��"�>,-�(�5>T�6�
 Application�*_�x"�E��5��8>;7��(�5��X3D�)���*2a<�>�UC��"�
�(��R�N3<5�����8�5�
�`�Z<5��D-�%�5�*(��@7�%�5��$5�'��;<�)���*2a<��*(�*�U"5�)���*2a<���>:��Server

�X3D ����� ��( �LM3N� �)������� ��� ��$5 �%D@� �*4 �LM3N� �)���*�+ �*4 ��C-�'�
��I��������c�����'���e�T�5��(s)&�Z�����'D�Q���S�C\�*(�6���(�><5�8>-�8��#n
�"�?$���>,<�� �LM3N��>\�a��)5�( �`&+�)����|��D$5�"�><C-�'��W�4���qX3D

��( �5� ����*2a< ��$5 �LxC��Q�< �Web server �E�C-�'��>�UC� �/��4�c���,�� �" ��$��
����Web server�HG5"����E>,4�B�$�5��(��4��@$�*(�"�8��4�W�4���html�S��C3��
��$5�X2N(�Catalog services�?N(�E�$5�Application Server��(��(��4�'K�:��5
����"�>,4�'��)�5>;I<��C#����5�����8�5��)���*��,$�,-�"�S5>,3 ��"�S�7JK5�*4

E>���'���5�G����*�+�R�N3<5�)5�(�*<���$�/5�(��4����3#5
���C-�'��63 �$�%�5��(�9�:��5�)5�(�8>-���Z�5����$�R"���5"��(��4�*4�'��I,�
�~�"�$�rCU���4��( �9�:��5 �~|$�E�C-�'��%��0�����8�5��*( �"5 �'$�3$��wCf$�5>3(5
��(��4�'$�3$��uf$��(�W$�,3���CTC��q'��7JK5�)���*�+s�)���8�5��"�8>-��5�G�(

�)���*�+ ������� �)5�( �5� ��C# �)�v�a� ��(��4 ��/= �&5 �~� �E�C-�'� �`J75 �)" �*(
�*(�Web server�k��K�&5��$5C#���%�5�E>��@<�'��`J75����*�+�8�">���"�&��< ���C�
�'$��(��(��4�)�v�a��Application Server����E�C-�'���a3,��Application  Server

��C-�'���� _���� Data Server�)5�(����;<����"�MapServer�)5�(�6;���(�G�/�(&�*(�"�8>-
Data Server�������8�5�������E�C-�'��B�$�5���Data Server�&5�`5>4����*(�/=�*Z�3<�"
�z�$5��(�EqEEE�"��
��
���������s�>,-�(�S"�_3���I�>D���(��$5�%D@��LM3N��)��
�*( �8�5��&5 �X2N(��� ��4���><C-�'��)�5>;I<�/=�����)>0(�*$�)���8�5��*4�'3���
�)&�$5>T�*(�&��<�*4�'��C\����Map Server����E�C-�'��8��3$���Map Server��@$
�8��3$���Parser�*(�/=��*Z�3<�"�8>-�`�Z<5��@7�%�5��(Clipper)�>-�(�8�5�����*�+�&5�X2N(
�"�8��4��������5��LM3N��)����������(����8�5��*4��$5�%�5�Parser�*_�x"�E�C-��'�
�)5�(�E>���*A5�5�Encoder�*(�"�8��4�)>,(�*a:K�5��/=�'$>,����t�"�'$>,��)���8�5�
�/=�Clipper �"�Parser�*4��$5�&��<��;,����C-�'��8�"Q�5�Data server�*(�*4�'3������
�Encoder��E>���'��?�5Q�5�*<���$�%�5����5��)��������0��%�5�*4��C-�8�"Q�5�63 �$�*(
���$5�*�U"5�*2a<�*4�5��*Z�3<�"�8��"=����X3D�)���)�5�!Q���&5�'D��*(�5�����8�5��%�5
�&��<���C��)����|��D$5�Application Server����E>3$���'��Application Server�*(
��C-�'��8�"Q�5 �*2a< �*( �EEE �" ������" �/��& ��( ����0� ��CZ3 T���$�� �" �?$�� �)5�(
��C-�'� �`�Z<5 �S�C\ �"� �*( ����*�+ �'<�-C|@� �E><C-�'� �'<�-C|@� �6� ��( ����*�+ �"
E�C-�'��' �C<&�(�8��("��P�32�������c�����"�8>-�8><5C#�'D��'D��X3D�)��������[
E�C-�'��8�5��e�T�5��CTC��)��������*(�/=����"��C-�'����Z�5�X3D�>�>T������c��[
��"�$����5��)�3@4�
&5����"��$5����/�$=�"����H��$�`"��
"��*(�)&�$�8����
�W�4������$�html�S��C3����(�"�*3���Web Server�*(�'��;<�*2a<�E�-5��>�5C#

�E�C-�'��*A5�5��(��4�*(�*Z�3<�"�8>-
�)>0(�*$�8��C#�
�(�B>��c���$"����E>�,�(�X��5��*<���$�'T"�#����D-���
�8>-�����&�(�S�7JK5�&5��)5�*<C@<���$5���@$����E�$5�8>-�*A5�5�~�>G���c��&5
��( ����*�+�� �U ��Y��@$�" �8>-�8�5� �?��@< ����*�+�&5 �'D� �)5�( �8�5� �8�I��� �&5

E>,4�'��*A5�5�5���;<=�/�C@<�%-"��"�
C��#�/�D�5
�)5�( �)�>03� �)���
"� �" ��5Q(5" �*( �&��< ��)��;,2�� �)��@0� �)&�$�8���� �)5�(
�)5�(�W$�,��)���)�"�,��"��5Q(5"��")>0(�*$�)���8�5��B�a3<5�"�)�5>;I<��)&�$�8���=
�������(�)>0(�*$�)���8�5��?��@<�)5�(�)�5Q(5�"�����"�" "63 �$��(����0��"�*0$C�
�)��;,2���)��@0��)&�$�8�����)5�(�8��_3$5���C��)���)�"�,��"�����5Q(5�E�$5 "X3D

���(��4�" �?a< �" �R"�����'$�,-�%��& �)>0(�*$�'<�D��S�7JK5 �*<���$���Z�5 �"
��$5���&�w�-�*(�63 �$����`5>4��

��D- �E�C-�'� �)�5>;I< �LM3N� �)���S�C\ �*( �'<�D� �)���8�5� �:Data Server

�E>-�( �"� �%�5 �&5 �':�4�� ��� ��,:� �8�5��8�I��� ���,:� ����� �S�C\�*( �><5C��'� �)�5>;I<
��,:�������S�C\�*(�8�5��)�5>;I<�)5�(�E>-�8��_3$5�':�4���
"�����3-C<�%�5���
�*(�ArcEngine�&5��Cp,��%�5�)5�(�E���!��5�G��p<�>��GML�"���������������"�
�8��_3$5�*0$C��/�(&�/5C,7�*(�C#.Net�"�ArcObject�W�4���"�*0$C��)�CD$�/5C,7
�c��GML�E�C-��8�5��*0$C��������������*(�'$�3$��)5�(��)��(��4�)5�*��<�(����>-
�*4��$5�XML �z�$5�(�'<�D��)���8�5��)&�$�8��#n�'MM@U5�%�(���5><�3$5�"�����
�DOM�&5��8�5��H:,��%�5�*(�'$�3$��)5�(�E�$5�8>-���;,2���OGC�`C�$� ,4��$C�
�&5 �8�5� �8�I��� ��� ����8�5� �����>� �)5�( �E�$5 �8>-�8��_3$5 �C#.Net ��*0$C� �/�(& �"
�ArcEngine�&5�SDE�)���8�5��*(�'$�3$��)5�(�E>-�8��_3$5�Oracle Spatial�"�SDE

�8��_3$5�*0$C��/�(&�/5C,7�*(�C#.Net�"�ArcObject�W�4���"�*0$C��)�CD$�/5C,7�*(
�E>-�8��_3$5�C#.Net�"�ADO.Net�&5�Q�<�Oracle Spatial��(�9�:��5�)�5�G�(�)5�(�E>-
�E��5� ��CT" ��8�5��8�I��� ��� �GML ����� �)&�$�8��#n �/�D�5 �*<���$ �%�5 ��� �%�,h@�

� �!
��"��#��$�%&�'()��	��"*�+%�,�-./0�'�2�	*�%���3�4�0�'05��X3D�'� �#6�&0��3����0



��

E>-�8��_3$5�XQuery�"���������
��������&5��8�5��8�I����&5�GML��������)5�(
�`5>4����*4��$5�8>-���D2��)�>03��)���?N(�&5 �Map Server�:MapServer

��Clipper �*0$C� ��� �E><5�8>-�8�5� �*0$C� �'\�#��5Q(5 ��( ���p3<5 ���C� �*_�x"�*( �*3 (
�>-���Z�5�C#.Net�"�ArcObject�&5�8��_3$5��(��SDE�"������������*(�'(��3$��?N(
�*(�Encoder�"�Parser�E>-�5�T5�C#.Net�&5�8��_3$5��(�GML�*(�'(��3$��?N(�*0$C��"
��XML��(�)�5�!Q���*��<�(���Z�5�)5�(�E><5�8>-�*3-C<�C#.Net�/�(&��(����4�S�C\

E>-�8��_3$5�C#.Net�85�@��*(�DOM�&5
��8�5��*0$C��C#.Net��(�Application Server�)���?N(�'��@����������	
���
������

�JavaScript�/�(&��(��C-�'��*��v5�>4�*(�?N(�%�5����*4�'�����|��D$5�E�$5�8>-
E><5�8>-���Z�5

�C#.Net��*0$C��/�(&��(�ASP.NET�)�"�,��&5�?N(�%�5�)&�$�8��������:Web Server

E�$5�8>-�8��_3$5
�)���8�5��?��@<���M(�G��(�ActiveX����Plug-ins�c��>��(�Client��@$����:Client

�/5C,7�*(�C++�W�4����(�BC@0��S�C\�*(�*4�>-�(�*3-5���CT"�X3D������*(�)>0(�*$
E�C-�'���8�5��*0$C��'D��5�!��*0$C��/�(&�/5C,7�*(�OpenGL����DirectX�"�*0$C��/�(&

��	K���	#��5L
�)���&���@�5�"���(��4�)5�5�����0G5"��3;(�/��4�B>��m��U�*(�)>0(�*$�)���8�5�

/���CF,��XM7�"�V&�:;-�V>;�

 (Faulkner et al., 2007) GeoModeller������8�5��)>0(�*$�?��@<�&5�'��@<�[���D-

�)���8�5��&5�8��_3$5�'!��3 !�*(�*TC���(�'��K�&5�E>,3 ��'$�,-�%��&�S�0U�f����
�����<�3,�5�k��K�&5�S�7JK5�%�5�*A5�5��LM3N��)����(��4�"�`CM7����'$�,-�%��&
�*A5�5���5�E�$5�*3��!��5�G�*TC����C��8&"��5��R"�����'<�D��S�7JK5�*<���$�WU�G
��$5�`&+�"��$5�*T5C��'����?U�Y��(�R"�k��K�&5�'$�,-�%��&�)>0(�*$�)���8�5�
�)���*:,T��R"�����)>0(�*$�'$�,-�%��&�'<�D��S�7JK5�*<���$�c����Z�5�)5�(

E���!��5�G��p<>��'�5�T5�"�',��LM3N�
�S�7JK5 �*<���$ ���Z�5 �)5�( ��CTC� �)���?U�Y �'$��( �&5 �~� ����3-C< �%�5 ���
�*M� ��*(�8]�"�*TC���'M\5�eCvC���,��WU�G����R"�����)>0(�*$�'$�,-�%��&�'<�D�
�S�C\�*(�'$�,-�%��&�)���8�5��)&�$�B>��/�D�5"�*4�W$�,�������&5�8��_3$5�"�R�N3<5
 "'_�\C��S�7JK5��@O���M(�G"��"R"�)���!�"����$C��?��@<���M(�G"��")>0(�*$
���5><�3$5"�%�5��(�/"Q�5�" ">-�(�*3-5��5�����8�5��)"����M���"��$���"�?$���/�D�5"�"
���Cp,��%�5�)5�(�E>-��">-�(�^N2��S�7JK5�/�!>,,4>�UC��)5�(�/=���5><�3$5�"�8�C(
�c����Z�5�)5�(�/=�)�����M(�G�"���5Q��"�>-�'��0��W$�,�������c��/5C,7�*(�X3D

�z�$5�%�@���(�E>-�'$��(�R"�����)>0(�*$�'$�,-�%��&�'<�D��S�7JK5�*<���$
���v�O�B�O�����*4�>���'��/�2<�*<���$�'$��(�E>-���Z�5�"�'O5�K�*<C@<�*<���$�c�
�)>0(�*$ �'$�,-�%��& �'<�D� �S�7JK5 �*<���$ �c� ���Z�5 �)5�( �W$�,� �'3��� �X3D

�X3D�*0$C��E�$5��������O�&5�V5�*<���$�%�,Y�)��&��<�)CIN$���"��$5�R"����
E�$5�/�!><��I<�8>,�=�)����4�&5�/=����/��&�/��4�B>��/�D�5�/��"=�6�5���)5�(

R"�����'<�D��S�7JK5�*3����H�&C��V���*<���$�B>��z�$5��(�*<���$�)��@0��[��D-



��

� �!
��"��#��$�%&�'()��	��"*�+%�,�-./0�'�2�	*�%���3�4�0�'05��X3D�'� �#6�&0��3����0

References
Bistacchi, A., Massironi, M., Dal Piaz, G. V., Dal Piaz, G., Monopoli, B., Schiavo, A. & Toffolon, G., 2008- 3D fold and fault reconstruction

 with an uncertainty model: An example from an Alpine tunnel case study Computers & Geosciences, Volume 34, Issue 4, Pages 351-372
Chile, J. P., Aug, C., Guillen, A., Lees, T., 2004- Modelling the geometry of geological units and its uncertainty in 3D fromstructural data: 

���
 ���������!���"
 $����"�
 %�'
 /<�	��"��=�
 �>
 %���<��������
 �?$����U$
 ��
 �<�Y�"?
 
�"�����=
 ��"
 ��<���=�	
 
���
 /������=Z
 /�<��Z

Australia, 22–24 November,page. 313–320.

De Veslud, C. L. C., Cuney, M., Lorilleux, G., Royer, J. J. & Jébrak, M., 2009- 3D modeling of uranium-bearing solution-collapse breccias 
in Proterozoic sandstones (Athabasca Basin, Canada)- Metallogenic interpretations Computers and Geosciences Volume 35,  Issue 1, Pages 
92-107   

Geiser, P. A. & Seeber, L., 2006- Three-dimensional seismo-tectonic imaging: An example from the Southern California Transverse Ranges, 
Journal of Structural Geology, v. 30, iss. 7, p. 929-945.

[U\�]�Z
��Z
��<�^�?�YZ
[�
_

%`q^Z
{�Z
|}}~!
/��<���U$
�?���$�
��"
�?"<�	�<Y��
���������
����?���
�>
���
��<�������<�
�<���^
Y����Z
��

Kazakhstan, by utilizing 3D basin modeling methods Marine and Petroleum Geology, Volume 24, Issue 4, Pages 247-275.

Indian Geology Servey, last seen, 2008- http://129.79.145.5/arcIMS/allen/static/bedrock-geology.html
ISO/ IEC 19776-19977, 2003- Extensible 3D (X3D), http://www.web3D.org/x3D/, visited on 2007.
Kimura, K.,  Nemoto, T., Ishihara, Y., Takami, S. & Toyoda, M., 2008- WEB GIS three-dimensional information system of boring database, 

geological map and three-dimensional model of ground, International Geology Congress.
���Z
[�Z

�<���Z
��
��Z
�<����Z
��
��Z
����Z
��
_
����"�U<?Z
��Z
|}}�!
�
��Y!����"
�%�
{���
>�<

���=��=
�<Y��
�����=�	��
[�]�<"


Data, European Conference of International Association for Engineering Geology.
��$��Z
��
 
�
 _
 �����Z
 ��
 ��Z
 |}}�!
 �U��"��=
 ����"
 $�"���
 ><�$
 Y�<������
 ��"
 U��<!"����"
 	<���
 ��	�����
 Z
 ��U<���
 �>
 ��$�U��<�
 _


Geosciences 29 (5) , Pages 547–555.
Mansorian, A., Zarei Nejad, M., Moghimi, E. &  Omidian, S., 2008- Design and Implementation of Damavand Geomorphologic-

��\�<��$�����
����Y���
����=
��Y�%�Z
��U<���
�>
����	���	��
����
�%
��
%��Z
��
����Z
~�!���
Nappi, R., Alessio, G., Bronzino, G., Terranova, C. & Vilardo, G., 2002- Application of WebGIS in Seismological study, Acta Seismologica

 Sinica published by Seismological Society of China , Volume 15, No 1, page 99-106
Nappi, R., Alessio, G., Bronzino, G., Terranova, C. & Vilardo, G., 2008- Contribution of the SISCam Web-based GIS to the seismotectonic 

study of Campania (Southern Apennines): an example of application to the Sannio-area, Volume 45, Number 1, page 73-85
���Z


�Z
����=Z
��Z
����=Z
��Z
���=Z
��
_
����Z
��
/�Z
|}}~!
��

����%��
���
�%����%��{%��
��
�������
����
�
�����

 ON GEOPHYSICAL FIELD DATA, Data Science Journal, Volume 6.
Tonini, A., Guastaldi, E., Massa, G. &Conti, P., 2008- 3D geo-mapping based on surface data for preliminary study of underground works: 

A case study in Val Topina (Central Italy), Engineering Geology, Volume 99, Issues 1-2, Pages 61-69, 9. 
Xue, Y., Sun, M. & Ma, A., 2004- On the reconstruction of the three-dimensional complex geological objects using Delaunay triangulation. 

Future Generation Computer Systems archive Volume 20, Issue 7, Pages: 1227 – 1234.

E�C-�'��8��3$����(��4��@$�*(�*4�X3D������?��@<�&5�)5�*<C@<�[���D-



���

���������	
��
��
��	���
����	������������	���	���	��	���	������	����

Experimental Simulation of Collision Zones and Formation of Fold-Thrust 
Belts in Method of Analogue Modeling

S. Khederzadeh1* &  A. Bahrodi2

1 Applied Geological Research Center of Iran, Tehran, Iran
2	��!���	�"	#�����$	��$����
��$�	%��&�
'���	�"	(�!
���	(�!
���	�
��

Received: 2008 December 27               Accepted: 2009 July 18

Abstract

Sand box models are in order to investigation of circumstance of deformation create in orogenic event. Progressive rigid indenter is as non-plastic continental 

crust that moves from one side to ward sand hanging wall that is indication plastic crust. The sand primery thickness and angle of rigid indenter are changeable. 

In the all of models, rises sand in the two side of plan of indenter between fore-slop and back-slop, in the top of indenter progressive edge. The formation rate 

of anticlinorium folds is related to thickness of sand hanging wall, form of progressive and rate of falling's back-slop plan. Change of primery thickness of sand 

hanging wall is controler of distance and rate of anticlinorium folds formation. The aim of this experimental work is investigation of thrust belts, progressive 

indenter, and research of effect's slope in the collision zones and fold-thrusts creation, also comparison of experimental model to natural model.
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Abstract

Geological data are used in a variety of applications. These data have three dimensional (3D) nature and hence 3D modeling, storage, dissemination and 

presentation of the data not only provide a better understanding of the current situation and the relationship between different features and data layers, but also 

increase the reliability of decisions. 3D Web Geographical Information Systems (3D Web GIS) are proper tools for managing and sharing geological data. 

However, current activities on developing geological Web GISs have paid less attention on 3D nature of geological data. In other words, most of the existing 

geological Web GISs are studied or established based on two dimensional data. One of the important challenges for dissemination of 3D geological data in Web 

relates to utilization of a proper format for rendering 3D data in Web browsers. Such a format should have the capability of: 1- Conveying geological data, three 

dimensionally, in Web environment, 2- being displayed by Web browsers, 3- being standard and the standard to be clear for data producers in such a way data 
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the knowledge of the authors, there is not currently any software which can disseminate 3D geological data in Web by employing a proper format respecting all 

of the above criteria. This paper proposes utilizing X3D, developed by Web 3D Consortium, as a standard text-based format for dissemination and rendering 3D 

data in Web. Although the format has not been developed for GIS purposes, in this research the applicability of that for modeling and presenting 3D geological 

data in 3D Web GIS is investigated.
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