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S erpentines are c lay-sized hydrous m agnesium 
silicates formed mostly by interaction of hot sea 

water with the b asement of the oceanic crust and/or 
the upper mantle of the Earth (Mevel, 2003) .  

Using electron microscope techniques like FEGSEM, 
ATEM, HRTEM imaging and selected area electron 
diffraction we report on already known varieties as 
well as on new microstructures that escape  from 
classical optical  microscopy and X-ray diffraction 
a n a l ys i s .  We e m p h a s i z e  o n  c r y s t a l l o graph i c, 
nanostructura l  and  compos i t ional  a s p e c ts  of an 
updated l ist  of  microstructures that  involve f lat, 
curved, polygonal as well as polyhedral layers of 
serpentine .  Atomically-resolved images  and their 
Fourier  transform analysis are presented also in 
support  of  s t i l l -debated detai ls  of  curved and/or 
combined flat/curved structures of serpentine . The 
m o du l a t e d  s t ruc ture  of ant igor i te  wiU n o t  b e  
addressed below. 

The most abundant variety of serpentine is lizardite, 
only buit-up by flat 1 : 1  layers.  It crystallizes mostly as 
a columnar texture forming the rims of meshes in 
serpentinite matrices (Fig. 1). Their is an isovolumic, 
non-topotactic, replacement of forsterite by lizardite 
through sharp  b ou n d a r i e s  ( F i g .  2 ) ,  w i th large  
exportation of  serpentine material and iron towards 
the serpentinite veins nearby. Such v eins seem to 
mostly accomodate for the macroscopic swelling of the 
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Figura 1 :  Mesh texture of lizardite around olivine relicts, 
Polarizing microscope image between crossed n icols, Bigger 
olivine grain = 0,3 mm. 

rock during hydration. In shear zones lizardite may 
display polysynthetic twinning on its b asal plane (Fig. 
3 ) .  It involves quasi  per iodic  reversa l  of  the 1 : 1  
structure polarity along c* .  Lizardi te com posi tion 
e x tends  from the pure Mg end-member  towards  
amesite .  This microstructure develops under small 
fluid/ solid ratios. 

P ro t oserpen t ine  is the m o s t  p o o r ly - crystal l ized 
serpentine material.  It is  an intima te mixture of  flat 
and curved nano pieces of serpentine material (Fig,  
4 ) .  I t  replaces first decaying orthopyroxene in open 
alteration systems. We consider protoserpentine as a 
low-T and/or shortly-surviving, intermediate state 
b e tween a pr i s tine  M g - r i ch s i l i c a t e  gel and the 
better-crystallized rolled microstructures described 
below. Protoserpentine composition is quite variable 
but  very close to that  of more evolved structures 
forming from it .  

Normal chrysotile looks up as achiral, multi-walled 
nanotubes, either forming scrolls or perfect cylinders 
(Yada, 1 967; Amelinckx e t  al . ,  1996) .  The inner hole 
r adius is  never smaller than 2 nm, and the outer 

forsterite 

1 �  

Figura 2 :  Intimate contact between columnar lizardite and a 
forsterite grain ,  1 : 1  layers of serpentine are normal to the 
column axis. Columns run normal to the reacting substrate, 
Incipient voids between columns are probable pathways for 
water in come to, and exportation of excess material from, the 
olivine/ lizardite interface. FEGSEM secondary electro n image, 
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radius is always sma11er than 50 nm (Fig. 5 ) .  Radial 
stacking is often semi-random. In veins, chrysotile 
forms various textures resembling those of  frozen 
liquid crystals .  Several cm-long chrysotile asbestos 
o ccurs  in « c r a ck - s e a ! »  ve ins  where incrementa l  
growth takes place along vein selvages (Andréani et  
aL,  2004) .  Chrysotile may evolve into 15-sectored or 
30-sectored polygonal serpent ines (Fig.  6) which are 
wider but shorter fibers .  The structure of the flat  
l i z a r d i t e - l i k e  s e ct o r s  i s  s h e a r e d  a c r o s s  s e c t o r  
boundaries where the 1 : 1  layer s tructure i s  curved 

Figura 3 :  Polysynthetic twinning in  sheared lizardite. Left: 
low-mag, bright-field TEM image showing quasi periodic 
sequences of twin doublets having reverse polarity ( +  and -) of 
1 : 1  layers in twin slabs. Right: <1 00> zone-axis HRTEM 
image of twin planes displaying octahedral-octahedral (O-O) 
contacts and tetrahedral- tetrahedral (T-T) contacts. These 
features are deduced from opposite curling of the layer blocks 
on prisma tic faces of lizardite. 

Figura 4: HRTEM, bright-field image of protoserpen tine. 
Entangled nano tiles and plates form this poorly-crystallized 
serpentine material. 001 basal-lattice fringes are 0 .72 nm aparto 
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around <100> and continuous (Baronnet & Devouard, 
2005) .  

Synthetic nano cones a r e  known for long i n  experi
mental charges (Yada & Iishi, 1 974) .  We could find 
their natural equivalent Ín high-T serpentine veins 
which are coeval with olivine alteration (Fig. 7) . These 
natural eones are always scro1 1ed and thus imply 
periodic rotations of the serpentine lattice (Amelinckx 
et  a/., 1996) .  Their acute apex angles frequently satisfy 
optimal structure of the cone wall (Fig. 8) for which the 
conical  la t t ice  rotation ree stablishes a11 H-bonds 
between successive turns. 

The polyhedral  o n io n s  (Ba ronnet  et a l . , 2006)  o r  
polyhedral serpentine grains are a fascinating globular 

Figura 5: <1 00> zone-axis HRTEM image of the axial cross
section of a cylindrical chrysotile nano tube. Inner hollow tu be 
4 nm in diameter. 

Figura 6: <100> zone-axis HRTEM image of the axial cross
section of the core of a polygonal serpentine fiber with fifteen 
sectors. 
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microstructure (Fig. 9) which might display more than 
150 triangular facets when closed as a full sphere. The 
l : l layers are spherically wrapped and stacked to form 
a nested arrangement of pyramidal sectors. The tilt 
angle (14°) around <010> between neighbouring facets 
is controlled by all the 2-D possibilities to maintain all 
H-bonds between the layers .  Selected are a electron 
diffraction patterns indicate the conversion of more or 

Figura 7: FEGSEM, secondary electron, 
image of serpentine nano eones protruding 
out from poorly-crystallized serpentine. 

Figura 8: HRTEM image of a serpentine nano 
cone at atomic resolution. The apex angle is 
1 9 . 6 °, i .e ., the one that allows recovery of the 
normal lizardite structure in the cone wall. 

F ig u ra 9: F E G S EM image of a grain of 
polyhedral serpentine showing a nice tiling of 
the sphere with triangular facets. No five-fold 
arrangement is visible. Grain diameter = 0.5 
J.l.m. 
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Figura 1 0 : F E G S EM, low-vo l tage, 
secondary electron image of intergrown 
polygonal serpentine fibers with rounded 
c/osing caps. The biggest fiber is 200 nm in 
diameter. Note the «scepter of serpentine» 
made of an overgrown globular serpentine at 
the end of a short chrysotile nano tube in the 
lower-right corner of the image. 

less disordered 1 T into 1M polytypes and vice versa 
when cross ing  s e c tor  b ou n d a ri e s .  Such onions 
nucleate as closing caps on chrysotile and polygonal 
serpentine (Fig.  1 0), and form from orthopyroxene 
a l t e r a tio n, m o s t  p r obably  at l o w e s t  T during 
retrograde serpentinization.  Such onions nucleate 
inside protoserpentine and acquire their euhedral  
habit  in open cavities or cracks. The composition of 
polyhedral serpentine contains a significant amesite 
component. 

From hydrothermal experiments in the MSH system at 
P(H20) below 1 kbar and T = 250-450°C (Grauby et al . ,  
1 998),  the aboye rolled structures could be  ranked 
according to a decreasing order of metastability as 
protoserpentine, nanocones, chrysotile and polygonal 
serpentines, i.e., toward more and more crystallographic 
control of the layer stacking and of the curvature, and less 
and less curved parts in the microstructure. However, 
chrysotile shows a longer metastable persistence in the 
high-T range than at lower T where lizardite quickly 
forms. In the MASH system, introduction of Al (or Fe3+) 
favors flat layers and shortens considerably the fibers. Ex
perimental work to delineate the climate of formation of 
polyhedral serpentine is in progress. 
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