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Nomenclature of Micas

MICA SIMPLIFIED FORMULA: [ M3 1.9 T4 O19 4>

where
1 = Cs, K, Na, NH,4, Rb, Ba, Ca
M = Li, Fe (2+, 3+), Mg, Mn, Zn, Al, Cr, V, Ti
[] = vacancy
T = Be, Al, B, Fe(3+), Si
A =CL F,OH, O, S

KAL (AISi;0,,)(OH), - MooxoBiTnG
K(Mg,Fe2+);(Al,Fe3+)Si;0,,(OH,F), - BloTiTng



2:1 (T-0-T)
AlokTaedpiko: KAIL(AISi;04,)(0OH), - MooxoBiTnG

http://dx.doi.org/10.101 7/CB09781139028028.008

Cambrndge Books Online © Cambridge University Press, 2013



2:1 (T-0O-T)
AlokTaedpiko: KAIL(AISi;04,)(0OH), - MooxoBiTnG

Muscovite: KAl5(AISi3010)(OH),
€2/

?

O (OH)™
° A|3+
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¥ gibbsite, Al(OH);,
a sheet
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Cambrndge Books Online © Cambridge University Press, 2013
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K(AI,Cr),(AISi;0,,)(0OH), - Xpwuiouxoc MooxoBiTnG
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2:1 (T-0O-T)
TpiokTasedpiko: K(Mg,Fe2+);(Al,Fe3+)Si;0,,(OH,F), - BloTiTnG




H KPY2TAAAIKH AOMH TOY MAPMAPYTIA BIOTITH
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Clay Minerals (1990) 25, 83-92

CRYSTALLOCHEMICAL CLASSIFICATIONS OF
PHYLLOSILICATES BASED ON THE UNIFIED
SYSTEM OF PROJECTION OF CHEMICAL
COMPOSITION::

II. THE CHLORITE GROUP

A. WIEWIORA AND Z. WEISS*

Institute of Geological Sciences, Polish Academy of Sciences, Al. Zwirki i Wigury 93, 02-089 Warsaw, Poland,
and * Research Coal Institute, 716-07 O.strava-Radvanice, Czechoslovakia

clinochlore - (MgsAl)(Si; A)O,,(OH),
chamosite — (Fe:* Al)(Si; Al)O,,(OH),
nimite — (N1 AD(Si; A)O,,(OH)q

pennantite — (MnsAl)(Si; ADO,,(OH),



(Mg, Fe2*):Al(Si;A)0,,(OH)g — KAivoxAwpo




Mg:(Al,Cr,Fe),Si;0;,(OH)g — Xpwpiouxo KAivoxAwpo
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Mg:(Al,Cr,Fe),Si;0;,(OH)g — Xpwpiouxo KAivoxAwpo
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(Mg, Fe,Ni):Al(Si;Al)O,,(OH)g — NikeAlouxoG XAwpiTnG
OUXVO OpPUKTO Tou “apviepiTn”




(Mg, Fe,Ni):Al(Si;Al)O,,(OH)g — NikeAlouxoG XAwpiTnG
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Serpentinization is probably the most important
metamor-phic hydration process. The reaction of olivine-
rich, mantle-derived peridotite to form serpentinite is
associated with a reduction in rock density from ~3.3 g/cm?
to less than 2.7 g/cm3. Hydration of end-members forsterite
(Mg-olivine) and fayalite (Fe-olivine) can be described by
the reactions:

2Mg,SiO, + 3H,0 <~ Mg,;Si,0.(0OH), + Mg(OH),
forsterite + water < serpentine + brucite
or
3Mg,SiO, + SIO, + 4H,0 — 2Mg,;Si,O(OH),
and
3Fe,SiO, + 2H,0 — 2Fe,O, + 3Si0O, +
fayalite + water — magnetite+silica+



The above reactions represent an abundant source of geological
reducing power. These reactions occur at depths of roughly 2—8
km under the ocean floor and at temperatures between ca. 80
°C and 200 °C. They provide copious amounts of molecular
hydrogen for organic synthesis, and they bring dissolved carbon
compounds in contact with reduced transition metals. The final
mineralogy depends both on rock and fluid compositions,
temperature, and pressure. Talc and are possible
products, together with the serpentine common polymorphs
(antigorite, lizardite, chrysotile). In the presence of carbon
dioxide, however, serpentinitization may form elther magnesite

(MgCO,) or generate

or
18Mg,SiO, + 6Fe,SiO, + 26H,0 + CO, — 12Mg,Si,O(OH), + 4Fe,0, +
and
(Fe,Mg),SiO, + n-H,0 + CO, — Mg,Si,O(OH), + Fe,0, + MgCO, + SiO,



Serpentine  Mg;Si-O5(OH), monoclinic
0.57:1:1.31, =93°

Serpentine includes a variety of minerals, one fibrous (chrysotile)
and two tabular (lizardite and antigorite)

Antigorite Chrysotile

Chrysotile Lizardite Antigorite
n, 1.53-1.55 1.54-1.55 1.56-1.57
ng — - 1.57
n, 1.55-1.56 1.55-1.56 1.56-1.57
0 0.013-0.017 0.006-0.008 0.004-0.007
2V, variable — ve ? 37°-61° — ve
OAP parallel to (010)  ? parallel to (010)
D 2.55 2535 2.6
H 21 25 2-33

coLoUurR  Colourless to pale green.
HABIT Chrysotile is fibrous elongated parallel to the a crystallographic
axis, and lizardite and antigorite are both flat, tabular crystals.
CLEAVAGE Chrysotile has a fibrous cleavage, and lizardite a basal cleavage.
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AvTiyopitng

Experimental and simulated (inserted) [010]
o~ HRTEM images of antigorite (2 = 14). A sketch
LL] indicates the tetrahedral sheets (triangles) and Mg
— positions (larger white spots). hydroxyls are small
white dots.
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Fig.3. A typical example of the lattice image in chrysotile observed from the direction perpendicular to the fiber axis. Fig.7. A typical example of the lattice images of sectioned chrysotile observed from the direction parallel to the fiber axis.

Yada, K. Acta Crystallographica, 23, 704—707 (1967)
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+— b=010A

C= 146 nm
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Fig.8. Enlarged image of Fig.7 (crystallites A4, B) showing two kinds of fringe systems of the circumferential (001) and the radial
(020) planes.
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TEM

Misfit between the smaller Si-
rich tetrahedral sheet and
larger Mg-rich octahedral 8= (Lo- L) Lo
sheet results in curl it

One dimensional misfit:
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Asbestos otput in 2006 shown as &
percontage of the 10p producer
(Fuasia - 925,000 tonnes)




Palace of the Republic (Palast der Republik)
former German Democratic Republic/GDR (Deutsche Demokratische Republik/DDR )

(east) BERLIN

1973/1976 - 2008

5000 tones of spay Asbestos
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S. Goldich

N.L. Bowen
(1922) (1938)
. . Zircon
Felsic Minerals Hematite A
Goethite o
i Ca plagioclase Gibbsite = <
X cainte 8| £
Hornblende - ' = ®
Na )C(a plagioclase Smectite & g
Biotite Na plagioclase -, Muscovite 8 §
= K-feldspar &| Z
K-feldspar S Na-plagioclase £ | o
_ @ Amphiboles £| &
Muscovite £ Pyroxenes S
2] . .
G Olivines =
Quartz g Glass
£ Y

Calcite
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Calcite (0.42)

|
(Forsterite)
Olivine (2,300) Ca?*-plagioclase (112)
\ (Anorthite)

Augite (6,800)

N

Hornblende (58,000)

\

Chlorite ...Biotite (38,000) N?:(lz\— lagioclase (575,000)
Ite

feldspar (921,000) SR

. -

K+

Muscovite (2,600,000)... lllite

INCREASING STABILITY

INCREASING WEATHERABILITY

——y—

Crystalline (not metaimictic) Zircon (10°)



1 mm crystal, 25 C, pH=5
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1 mm crystal, 25 C, pH=5
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X-Ray Diffraction
and the Identification and Analysis of

Clay Minerals

Alain Meunier

&) Springer Duane M. Moore  Robert C. Reynolds, Jr.
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Opukta tng apyiAou (Clay minerals)

»
1 o = A. OHsrycture
~0.96 nm 4
thick
\ ......l.'ll.l.ll..é. .............
2nm ‘ %’ = B. OHyater :
Interlayer Interlayer 3 - p—
cation ! k water :
E ................. v. ..............
0
v Si
/ ” O, H
’,' Al, Mg, Fe(ll, 11}, Li
+
/o 0.1
Si

E————a
%— JOHNSTON, Clay Mineral. 2010



Opukta tng apyilou (Clay minerals)

common clay particles

PN

a epitaxy

T main Q

types of particles and ag-
gregates of clay minerals.
a) Epitaxy, i.e. growth
on a crystalline support.
b) Aggregation of rigid
or flexible particles or
crystallites (tactoid or
quasi-crystal networks).
¢) Coalescence: neigh-
bouring crystals are
joined by the growth of

common layers

aggregate

C coalescence
S ——




(length scale of nanometres)
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> Clay-organic interaction

Clay-water interactions
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: Clay-swelling
(distance between layers)

PolytypesID &
Structural disorder

Particle morphology
Functional materials

High pressure phase
transitions

Surface modification
Hybrid materials

Pore size

Distance between
charge sites in clay
interlayers

_Pores in halloysite and imogolite

Thickness of
fundamental parti

Interatomic
distances

Size of secondary particles

A4

v -
-~

Size of primary particles

Macroscopic pores

Microscopic pores | Mesoscopic pores

JOHNSTON, Clay Mineral. 2010









Railsback's Some Fundamentals of Mineralogy and Geochemistry

Muscovite
KAI,(AlSiz)01o(OH)2

K(Mg,Fe2+3)(Al,Fe3*+)Siz04o(OH),

Compositions of T-O-T phyllosilicate minerals

Biotite Substitution of less-charged cations for
more-charged cations in T or O layers

yields a net negative charge in

;\ Phlogopite the T-O-T combination that
v, i allows incorporation of
K KMg3(AISI3)O1 O(OH)Z inter-layer cations
(e.g., K1*
\ in micas).
_‘3% Trioctohedral X
% T-O-T %%
%%  Minerals %
%%
5 0
p On 2
Ay Montmorillonite X %m%
. = x
Celadonite M*1,nH,0(Al,.,,Mgy)SisO19(OH) Pyrophyllite 3.
K(Fe3+,Mg),SisO10(OH), AlSis010(OH), 0
More interlayer cations due to octohedral
substitution of +1 or +2 cations for Al (or for Fe*3)
Hypothetical M1+5,nH,0(Mg3.y,[1,)8i404(OH), Talc
K(Mg,M1*)Sis010(OH), Stevensite Mg3SisO1o(OH)2
More interlayer cations due to octohedral substitution
< of 1+ cations or vacancies () for Mg2*
The significance l\:{hcasl _

imi Inerais = . . . A .
gt stbie ion Smectite = Montmorillonite + Beidellite + Nontronite +
interlayer cations ~ temperatures) Hectorite + Stevensite + Saponite +
ﬁ:’r‘e?e seen Sauconite (+ others)

Uncommon or -
hypothetical =~ € s
minerals Octahedral substitution puts charge

farther from interlayer cations.

"Swelling Clays" = "Expandable Clays"
"Montmorillonite" in archaic broad sense
of "montmorillonite"

LBR 815 ClayMinerals 05 5/1996 rev. 10/2006

(This diagram is based heavily on notes from Steve Altaner’s
Clay Mineralogy class at the University of lllinois.)
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XRD

Fraction < 0.2 um
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