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abstraCt

Environmental mineralogy is rapidly expanding in technological directions that allow for the 
detection, characterization, and understanding of non-crystalline and poorly crystalline phases, 
FU\VWDOOLQH�DPRUSKRXV�PL[HG�SKDVHV��DQG�QDQRVL]HG�QDWXUDOO\�RFFXUULQJ�PDWHULDOV��6SHFL¿FDOO\��WKLV�
article provides a perspective view of the broad range of structural complexity/heterogeneity observed 
in environmental minerals and amorphous materials, as well as our current understanding of how 
these materials can be best observed, evaluated, and described, and why this is important in the min-
eralogical sciences. The discussion is broken down into the assessment of short- and medium-range 
order in amorphous materials, and the nature of nanominerals and mineral nanoparticles, amorphous-
QDQRFU\VWDOOLQH�WUDQVLWLRQDO�SKDVHV��DQG�PHVRFU\VWDOV��7KHVH�PDWHULDOV�GR�QRW�¿W�RQH�RU�PRUH�DVSHFWV�
RI�WKH�PRVW�FRPPRQO\�XVHG�GH¿QLWLRQV�RI�D�PLQHUDO��DOWKRXJK�VRPH�RI�WKHP�DUH�IRUPDOO\�UHFRJQL]HG�
DV�PLQHUDOV��VXFK�DV�IHUULK\GULWH�DQG�VFKZHUWPDQQLWH���\HW�WKH\�GR�¿W�RWKHU�SRUWLRQV�RI�WKHVH�FXUUHQW�
GH¿QLWLRQV��1HYHUWKHOHVV��EHFDXVH�WKHVH�SKDVHV�FDQ�EH�H[FHSWLRQDOO\�PLQXWH�LQ�VL]H��DQG�RU�QRW�KLJKO\�
crystalline, and/or generally much less abundant than other mineral components in the system, they 
may be underappreciated and/or understudied, or, apparently as is often the case, completely missed. 
Yet they are often highly relevant to, and in many cases dominant in, important aspects of how the 
�ELR�JHRFKHPLVWU\� RI� DQ� HQYLURQPHQWDO� V\VWHP�RSHUDWHV�� )XUWKHUPRUH�� DOWKRXJK� LW� LV� LPSRUWDQW� WR�
analytically and experimentally characterize synthetic equivalent phases in the laboratory, often under 
conditions intended to mimic one or a few aspects of the real environment, we argue that it is impera-
WLYH�WR�VWXG\�QDWXUDO��LQWDFW��DV�PXFK�DV�SRVVLEOH��VDPSOHV�DQG�PDNH�¿HOG�PHDVXUHPHQWV�ZLWK�PXFK�
greater frequency than is currently practiced.
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intrOduCtiOn

It is very well known, especially among mineralogists, 
geochemists, and geophysicists, that knowledge of atomic 
structure has proven crucial time and again in understanding 
mineral behavior including: compressibility, elasticity, thermal 
behavior, density, hardness, optical properties, solubility, adsorp-
tion, and desorption tendencies, transformation characteristics, 
thermodynamic properties, etc. Indeed, the accessibility of such 
information through mineralogy has had tremendous implications 
for our understanding of geological and environmental processes 
on Earth as well as on other planets.

Yet despite the obvious importance of atomic structure and 
the central role that it plays, it has become more apparent over 
the years that crystallinity is the most difficult aspect to measure 
and describe, especially when the periodicity of the structure 

LV�UHGXFHG��)XUWKHUPRUH��DV�ZH�SRLQW�WR�WKURXJKRXW�WKLV�SDSHU��
this can be viewed as having fundamental consequences in 
terms of being able to express a precise definition of a mineral. 
A classic and still widely accepted definition of a mineral can 
be stated as follows: a solid formed as a result of a geological 
process and characterized by a periodic array of atoms with a 
known structure, definite chemical composition, and discrete 
�LQGH[DEOH�� GLIIUDFWLRQ� VLJQDWXUH� �1LFNHO� ������ ,QWHUQDWLRQDO�
8QLRQ�RI�&U\VWDOORJUDSK\��������1HYHUWKHOHVV��HVSHFLDOO\�RYHU�
the last 20 yr, the reported definitions of a mineral, as stated in 
introductory geoscience- and mineralogy-related textbooks and 
online, generally have become progressively broader and more 
detailed. To some extent, this is likely due to advancement of the 
mineralogical sciences that is, in part, driven by new character-
ization tools and methods, and also by an expansion of the types 
RI�VFLHQWLVWV�ZKR�DUH�LQWHUHVWHG�LQ�PLQHUDOV��5HFHQWO\��)UHQFK�HW�
DO���������FRPSLOHG�XS�WR�GDWH��DXWKRULWDWLYH�GHVFULSWLRQV�RI�WKH�
term mineral, producing the following definition: 
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