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Hans Busch’s 1927 paper, which showed theo-

retically that a coaxial magnetic or electric field could 
focus an electron beam and Louis de Broglie’s ear-
lier hypothesis that electrons possess wave proper-
ties, suggested to physicists that an electron micro-
scope was not only possible but that it might produce 
resolution far superior to that of an optical micro-
scope. The transmission electron microscope (TEM) 
was the first type of electron microscope to be de-
veloped and is patterned exactly on the light trans-
mission microscope except that a focused beam of 
electrons is used instead of light to "see through" the 
specimen. It was developed by Max Knoll and Ernst 
Ruska in Germany in 1931.  

In contrast to X-ray diffraction and light micros-
copy, mineralogists were not frontrunners in the de-
velopment and use of electron microscopy. Natural 
minerals such as micas were occasionally used by 
physicists (Amelinckx, 1952; Honjo and Mihama, 
1954) as model phases early-on, because of the 
ease to prepare thin samples. Probably the first sig-
nificant application of TEM in mineralogy was the 
study of the exsolution textures in moonstone by 
Fleet and Ribbe (1963). Feldspars and quartz re-
mained in the focus of conventional TEM investiga-
tions by a few mineralogists for the remaining of the 
decade (f. ex. McLaren and Phakey, 1965; Nissen, 
1967) The breakthrough in sample preparation with 
the advent of ion-milling (Barber, 1970), the return of 
lunar material and the near atomic resolution possi-
ble with the generation of new microscopes available 
in the beginning of the seventies gave a big boost to 
the application of electron microscopy in Earth Sci-
ences. Most of the work was devoted to investigate 
mineral microstructures such as exsolution phenom-
ena and crystal defects. A great testimony of this first 
"golden age" of TEM in Earth Sciences is the book 
Electron Microscopy in Mineralogy by Wenk (1976). 
In the eighties and nineties, mineral microstructures 
were not only investigated per se, but the TEM ob-
servations were more and more used to extract in-
formations about the temperature-pressure-
deformation history of the studied samples (Buseck, 
1992 and references therein). In the last 10 years, 
geomicrobiology (Banfield and Hamers, 1997), low 
temperature processes such as diagenesis and 

weathering (f. ex. Hochella and Banfield, 1995), en-
vironmental and health issues involving minerals and 
rocks (f.ex. Buseck et al., 2001), shocked rocks and 
meteorites (f.ex. Brearley and Jones, 1998) and high 
pressure/high temperature mineral physics are in the 
forefront of the TEM scene in Earth Sciences.  

I have chosen a few examples to show the ana-
lytical potential and versatility of transmission elec-
tron microscopy and associated spectroscopic 
methods such as energy dispersive spectroscopy 
(EDS), electron energy loss spectroscopy (EELS) 
and energy filtered TEM (EFTEM).  

Very fine grained minerals and rocks are natural 
targets for electron microscopy. Serpentinites are an 
example of rocks in which individual grains can 
hardly be resolved by light microscopy. The only 
analytical technique to get textural, chemical and 
crystallographic information for such submicronic 
minerals is electron microscopy. The serpentine 
mineral group contains three polymorphs, lizardite, 
antigorite and chrysotile. The structures of the latter 
two have been extensively studied by Electron Dif-
fraction (ED) and HRTEM (f.ex. Kunze, 1961; Yada, 
1979; Devouard and Baronnet, 1995, Grobéty, 
2003). The misfit between octahedral and tetrahedral 
sheets is relieved by bending of the layers, leading in 
the case of chrysotile to a cylinder. Detailed electron 
diffraction analyses revealed for the first time a natu-
ral structure with 5-fold symmetry (Baronnet et al., 
1994).  

In antigorite the layers are also bent but the cur-
vature changes periodically leading to a corrugated, 
wavy structure. The details of the structure are still 
controversial (Kunze, 1961; Otten, 1994; Grobéty, 
2003). The wavelength in antigorite is not fixed, but 
varies with equilibration temperature. Wavelength 
distributions determined by electron diffraction were, 
therefore, used to reconstruct the thermal history of 
contact metamorphic serpentinites (Mellini et al., 
1987).  

The investigation of exsolution phenomena and 
alteration in amphiboles and pyroxenes (biopyri-
boles) are classic examples of the use of transmis-
sion electron microscopy to elucidate the real struc-
ture of minerals. The existence of chain silicates with 
chains wider than the double chains in amphiboles 
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were predicted by Thompson (1978). High resolution 
TEM (HRTEM) investigations of anthophyllite and or-
thopyroxenes revealed such predicted wide chain 
silicates (Veblen, 1991, and references therein). It 
turned out that the formation of wide chains were an 
essential reaction step in the transformation of am-
phiboles (Figure 1) and pyroxenes to layered sili-
cates (f.ex. Grobéty, 1996, 1997).  

TEM observations were also responsible for the 
controversial claims of an ultra-deep origin of garnet 
lherzolites found in the Lepontine Alps e.g. at Cima 
di Gagnone, Alpe Arami, and Monte Duria  (Dobrzhi-
netskaya et al. 1996, Risold et al, 2000). Although 
the electron diffraction results claiming the presence 
of high pressure phases with ilmenite compositions 
in these rocks could not be confirmed, new TEM re-
sults on exsolution lamellae in diopside point to an 
origin of > 250 km (Bozhilov et al., 1999).  

The examples cited above put forward the  
strength of transmission electron microscopy: it  is 
the possibility to obtain simultaneously structural, 
chemical and morphological information from the 
same area of the sample at ultrahigh resolution. The 
advent of field emission microscopes and the devel-
opment of energy filtering allow today not only struc-
tural resolution down to the atomic level but also to 
push the resolution of chemical analysis to the 
nanometer level (Moore et al., 2001).  
 

 
 

Figure 1. Lattice image of a "anthophyllite" crystal from Alpe 
Bena, Ticino. The image is taken at Scherzer defocus with the 
beam parallel to the c-axis. The bright spots are centered in the 
space between two adjacent I-beam along the a - direction (A-
site position in amphiboles).  The positions of some I-beams 
are schematically indicated in the image. In the left part of the 
image is a double chain slab, whereas the center and right part 
the sequence is disordered containing triple quadruple and 
quintuple chains.  Slightly left from the center of the image, a 
change in chain width along the a - direction is visible (43 -> 
52). This is interpreted as frozen in reaction front (Grobéty, 
1997). 
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