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Recent Progress in Experimental Structural Geology

� ���*

Shun-ichiro Karato*

Abstract : Significant progress has been made in the experimental structural geology

due mainly to the advancement of experimental technology. They include the develop-

ment of new apparatus or techniques to conduct large-strain, shear deformation

experiments under high-pressure and temperature conditions and a technique of

high-resolution micro-fabric measurements such as EBSP. Significant microstructural

evolution at high strain has been documented in both calcite and olivine associated

with dynamic recrystallization which results in grain-size reduction and associated

rheological weakening. However, no evidence of shear localization was observed in

these experiments. Some thoughts to resolve this puzzling observation are presented

emphasizing the role of strong constraints on deformation geometry imposed in torsion

tests. Using newly developed technique of large-strain shear deformation at high-

pressures, new types of fabrics have been identified in olivine under high water-

fugacity conditions. They provide a new interpretation of observed wide range of

fabrics in peridotites and the complicated pattern of seismic anisotropy in subduction

zones. Microscopic models for the origin of water-induced fabric transition are pro-

posed in which the role of anisotropic Peierls stress is emphasized.

Key words : experimental structural geology, lattice preferred orientation, shear localiza-

tion, seismic anisotropy
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Fig. , Three methods of deformation experiment. A large strain, non-coaxial deformation is possible by methods (b) and (c).

(a) A triaxial compression test

This method is most common. A sample undergoes coaxial deformation.
(b) A sandwich method

A thin sample is sandwiched between two strong pistons. Axial motion of pistons is transformed to (nearly) simple shear

deformation of a sample.
(c) A torsion test

A cylindrical sample is twisted by a rotational actuator. The displacement velocities, u, of materials along a line from the

center follow u¸rw where r : distance from the center and w : angular velocity of rotation. Therefore the strain-rate of a

material increases with distance r from the center as e
¹̧

rw/ (h : thickness of the sample).
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Carter and Avé Lallemant, +31*). The conditions at which
dominant slip systems change correspond roughly to
constant stress values.

U¹ º»V

¼ 4 ¼



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

01+**2 � b01**+2 ��!�%�3454&'67
8�9%���"	� ����* :���� ;��
�(<&=>?�@ �A+� b01+**2 ��!��
�B���$�C+* �D����� 1+**2;*+*@ �
�!&'()+#��E�	� F
+G(�	H�,
(-.� 1+**2 I�G(������	H� 1*+*2
I�����	��!JK���H����L��
	� �
M���NE	� b01**+2 ����� �
�C��	�* b01+**2 ������CO�"#$
 P���� F
+Q�* !"���#	�,(-.
�JK���H� PR	�������$%��
;Karato, +33/@� 
�$%�S&7RT�U&�
JungV��WX�����* YZ* Y[+���D
 �\]�^��� �_MW*  ��`ab�'cG
(+"	� ��!�����^E���	dI[e(
+�G(	H� P�)*+�����+"	� JK
���H� EBSP�f��Y+,�%*�^��� -

��.��g�* h��/0���g��#�#$*
ij Sciencek�1l���
M+"	 ;Jung &

Karato, ,**+ : Fig. /@� Q�$%��	m2O���
$3n�
������� &'(	H�D��o&'
(������+ PR	
�* F���pq+��
:����O�4rR	&'()* %#$JK���
H�st��	
���������+"	�

�5�L���	�!�Q6�\]�Z,* ��
" ;7u8�v9�?wx&=>?+�y0**�2**H�
Si ppm* z{|6}~.:+�y,,***�-,*** H�Si
ppm@ �����;�<���������	�:�
�%���;�<��= ;+�+**MPa@ �$��$�
��� F
+�:��Q6�g�����!�n>R
	����%���.7��	� 
�� �&�4(.
�� �?@+"	�
#o;Ab��%g���7u8�v9�.78+
��##+�������� 1+**2;*+*@ &'()
;���A@ �JK���H�4r���	
��B
*O�	� 7u8�v9�.78 ;?wx&=>?@
+� ��:��y+�+* MPa+"	� F
+ COHy
0**�2**H�Si ppm* :�y+�+*MPa��A+���
�A�JK���H�4rR	�����	� F

+5 /��!�C�+D���
/* ���A��
�� C����E����9%�op�B*+�	�

��5 .�����6����8�FG8+"	�
F�����!�HI��+"	� #o,(-.J�
F����&'()���+��+�	K�L��
!� *R	� 
���¡¢£4�4 C������
CO�st	¡�¤8&�S.}¥8���O��¦
���	�+§&'()¨�� ���	�o+"
	� F����"�M�	� C�MNR	©H�"
	� 
!��	��ªO��JK���H� P�N
OR	
��+�	 ;Fig. .@� 
���8+����
A� C���� E**«Cs��*�=��	�
M+
"	�¡¢£4�4 C���"����MNR	� F

+
���� Fig. /��!�C�+�E����
9%�o��+"	�
�_MW* ���*"8�¬P�R	����4
��"#$��QR���	� ����ZS®��4
��R����+* TU:��¯�:V��C+��
�� �$�4��Mh�* JK���H����st
	�A����*"8�st�q�X����� �Z
S®�\]�W���* XY�°Z�±²g���[
³����ZS®+�JK���H5�m�����
R	��\��%+"M!� \´* ij�±²g��
L	�]&�&�Alpe Aramiµ(¶��7��+
���� C* B�JK���H��ªO���	 ;K.
Frese* Q^@� 
�S®+�!"���Y�:��·
_+�	� 
��Q�_�\]g��FG8+"	�

��!�
�`��g��ab���cD¸D:�

Fig. . A schematic diagram showing a mechanism of
change in the dominant slip system (both axes are log-log
scale). If the flow law were the power law with the same
stress exponent, then all the lines for di#erent slip
systems are parallel in this diagram and one would not
expect any changes in slip systems when stress magni-
tude is changed. However, when the Peierls mechanism
becomes important for certain slip systems in which a

flow law of the type e
.
¹ exp��«

E**«Cs

RT
�
� operates, then

there will be a change in the dominant slip systems when

stress is increased. Water could also modify the

parameter C, leading to a water-induced fabric transition

(s).

\]ºd;»b�ij�ef

¼ 5 ¼



�� ������	
 ����� ��������
���������� !" #�� $%&%'()*
+,-�!.��� �shear wave splitting
 ���
/0�12�34567589�:!" ;<=>�:
?�@A	BCA	�D�EFGH	I(/��J C
KLM�-�!5NO!5�����P�QR��S
�(T!" U;V@A	BCA	/WXA	BCA	
(YZ![�� �Jung & Karato, ,**+
"

��������	


\]�^P(/_`��%O!Y��abcd� 
!�(� e���Kf�g� hiPg:jkKZ!"
lmno�Y56�<no\]�^PgpJqRr�
s,t\]�^P�sVu�gvw��7xV�<f
	g:Y���O-�yz{�K|;,-y!" 0�
}
(/~��no\]�^P����4�� 5y�
������5�����k����Z-�yUx�
����<" �����0���������� 
T7x��:,t��(Z!"

� �

00(���<ab��F�/ NSFx[�ab�
(�CR	+,<��abl(���� P|��5�
 �ab�12(Z!" B�B� ETH� Katrine
Frese+¡�/B�B�Alpe Arami�����	�
�����k�U�-��¢£�12�¤O-�<¥
�<" ;<0�¦§/¨�©ª��«¬�s7-®
�<Y�(Z!" ¯°±²� �³´�����/�µ
:¶·H	��<¥�<" 0,[����¸¹�<
�"

 �

Bai, Q., Mackwell, S. J. and Kohlstedt, D. L., +33+,

High temperature creep of olivine single crys-

tals, +. Mechanical results of bu#ered samples,

J. Geophys. Res., 30, ,..+�,.0-.

Bystricky, M., Kunze, K., Burlini, L. and Burg, J-P.,

,***, High shear strain of olivine aggregates :

Fig. / Fabric diagram for olivine in the water content-stress space (modified after Jung and Karato, ,**+).
A, B, C, D correspond to various fabric types identified in our study. Dominant slip systems inferred for
each fabric are shown in the legend.

º» ´²�

¼ 6 ¼



rheological and seismic consequences, Science,

,3*, +/0.�+/01.
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