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abStract

Tweed, twin, and porous microstructures are traditionally studied 
in mineralogy to understand the thermal history of minerals, and to 
identify their properties such as chemical transport and elastic behavior. 
Recently, the same research area has blossomed in material sciences 
and physics with the aim to design and build devices that are based 
on the properties of nano-structures. Only the very existence and the 
properties of tweed, twins, and holes matters in this quest while the 
crystalline matrix plays only a minor role in the current search for novel 
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from the age-long experience of mineralogists in dealing with such materials.
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transfer of ideas in both directions: mineralogists can potentially inspire material scientists while the phys-
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much more detail than hereto possible. Besides the observation that novel physical properties can spring 
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ERUHKROHV��RU�HYHQ�UHJLRQDO�HDUWKTXDNHV��7KH�XQGHUO\LQJ�SK\VLFV�LV�WKH�VDPH�DV�LQ�ODUJH�HDUWKTXDNHV�
(which can be modeled but not observed in laboratory experiments). The agreement between laboratory 
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characterize high-tech materials in aircraft industry and functional materials such as used in electronic 
memory devices, ferroelectric sensors and non-volatile memories and ferromagnets.
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Functional properties at the nanoscale, their statics and dynam-
LFV��KDYH�EHHQ�LQYHVWLJDWHG�LQ�PDMRU�UHVHDUFK�LQLWLDWLYHV�LQ�VHYHUDO�
disciplines for over 30 yr. The relevant nano-structures are, in order 
of increasing intrusiveness to the matrix: tweed, (transformation-) 
twins, and holes, and have been used to develop device materi-
als for industrial applications while they naturally exist in many 
minerals. Tweed and twins in ferroelastic minerals develop when 
structural phase transitions occur with a loss of point group sym-
metry elements, which results in transformation twinning in the 
ORZ�WHPSHUDWXUH�SKDVH��6DOMH��������7ZHHG�UHSUHVHQWV�D�³SUHFXU-
VRU´�IRU�WZLQ�ERXQGDULHV�LQ�WKH�ORZ�V\PPHWU\�SKDVH��%UDWNRYVN\�
HW�DO������D������E������F��.KDFKDWXULDQ�������3DUOLQVNL�HW�DO��
1993a, 1993b; Castan et al. 1999). Holes in porous structures often 
stem from phase mixtures when one phase has been eliminated 
RU�ZKHUH�WKLV�SKDVH�ZDV�D�JDV��DV�LQ�WKH�FDVH�RI�YROFDQLF�HMHFWD�

The existence of microstructures with functional properties has 
opened a new research field in physics and materials science in 
which the functionality of a device material is no longer expected 

WR�EH�SUHVHQW�LQ�WKH�EXON�RI�WKH�PDWHULDO�EXW�ORFDWHG�LQ�LWV�QDQR-
scopically small regions such as twin boundaries. This approach 
LV�VXPPDUL]HG�DV�³GRPDLQ�ERXQGDU\�HQJLQHHULQJ´�LQ�WKH�SK\VLFV�
OLWHUDWXUH� �6DOMH�������6DOMH� DQG�=KDQJ��������1DQRVWUXFWXUHV�
KDYH�DOZD\V�EHHQ�D�PDMRU�UHVHDUFK�WRSLF�LQ�PLQHUDORJ\��VLPSO\�
because they are common in minerals (Fig. 1) and it may be pos-
sible to reconstruct the thermal history of a mineral by exploring 
their heterogeneities (e.g., Tullis 1980; David et al. 1995; Vernon 
DQG�3DWHUVRQ�������7UHSPDQQ�DQG�6W|FNKHUW�������9HUQRQ�������
=KDQJ�HW�DO��������3DOPHU�HW�DO��������6DOMH�DQG�:UXFN��������
However, it has not inspired mineralogists to extend their data 
WR� ILQG�³XQXVXDO´� WZLQ�ERXQGDULHV�ZLWK� IXQFWLRQDOLWLHV� VXFK�DV�
conductivity, transport, polarity, and magnetism (Fig. 2). Synthetic 
porous structure (shown in Fig. 3) contains similar functionalities 
near their extremely extended surfaces. Such materials are omni-
SUHVHQW�LQ�KLJK�WHFK�DSSOLFDWLRQV�IURP�FRRNLQJ�SDQV��QDQR�VFDOH�
chemical mixers, and nano-filters to artificial bones. Besides the 
current focus on this research in physics and materials sciences, 
ZH�ILQG�WKDW�PXFK�RI�WKH�IXQGDPHQWDO�GHVFULSWLYH�ZRUN�KDV�DOUHDG\�
been done in mineralogy, often published in American Mineralo-
gist over more than five decades.

American Mineralogist, Volume 100, pages 343–351, 2015

0003-004X/15/0203–343$05.00/DOI: http://dx.doi.org/10.2138/am-2015-5085      343


�(�PDLO��HNKDUG#HVF�FDP�DF�XN


