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1. Silikaty - klasifikace

(a) Pyroxene

Px ::Mica ¢ Px Mlca , Px iMica Px
fylosilikaty tektosilikaty

(c) Mica

Obr. 9.2: Zpisob vazby tetraedrii ve strukturach: A ‘ ‘
‘ ‘ ‘ tet
a) nesosilikatl (tetraedry jsou uloZzeny samostatné), QO o% ey _:= <. -
b) sorosilikatu (tetraedry se vaZzou po dvojicich), eo si*t = ‘-“:-. =
c) cyklosilikata (tetraedry se vaZzou do kruhi), v tet
d) inosilikatl (tetraedry se vaZzou do "nekoneénych” 4 220
fetézcu), [SiO4] P
e) fylosilikata (tetraedry se vazou do "nekone&nych” tet
inosilikaty rovinnych siti),

f) tektosilikatd (tetraedry se vazou do "nekone&né”
prostoroveé sité).

§ oct
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2. Inosilikaty - Skupina amfibolu

Obecny vzorec: AB,C.T;0,, (OH,F),

O O
XA = Na,K, vakance i
VIIB = Ca, Mg, Fe*", Mn . 5 omOaD] @
Na, Li
VIC = Mg, Fe*', Mn 5 oM2 5

Al, Fe3t Owma o
Li ° 0
VT = Si, Al : o @A O o
W= OH,F,ClLO . °

Oma




2. Inosilikaty - Skupina amfibolu

Cap Mg Sig0p(0H), CapFe&tSig0py(0H),
Tremolite Ferroactinolite ’

Actinolite

Cummingtonite

Orthoamphibole

Anthophyllite Grunerite
Mgy Sig0,,(0H), FeSig0pp (OH),
Podobn¢ jako u pyroxenu je T

omezena misitelnost mezi |
obéma skupinami




2. Inosilikaty - Skupina amfibolu

Summary of site assignments
and stoichiometric constraints

Site and Stoichiometric Correction
Occupancy  Cation*® Limit Minimum | Maximum
T-s?te ‘ S g <8 8Si

Al saI>8 8SiAl

Ti
, Cr
: Fe3*

i1 Mg

iy N
B-site & Fe2* '

§ 4 M sMa> 3 13eCNK

- ﬁz—— SCa< I5  15eNK

e g INa2 15 I5eK

g 0 — 3K £ 16 |6CAT

* cations arranged according to increasing ionic radius
(smallest, Si to largest, K)
¥ = cation subtotal (e.g. Mn = sum of all cations from Si through Mn
in the list)

O = vacancy at the A-site

FiG. A-1. Summary of ideal site-assignments, limits of various cation subtotals, and the type of correction (minimum or
maximum) that can be obtained by calculating the formulae to these stoichiometric limits (after J.C. Schumacher 1991).
Abbreviations of normalizations: 8Si: normalized such that total Si = 8; 8SiAl: normalized such that total Si + Al = 8;
13¢CNK: normalized such that the sum of the cations Si through Mn (i.e., all cations exclusive of Ca, Na, K) = 13; 15eNK:
normalized such that the sum of the cations Si through Ca (i.e., all cations exclusive of Na, K) = 15; 16CAT: normalized such
that the sum of all cations = 16 (see also Robinson ez al. 1982, p. 6-12).

[onic

0.6

8-fold coordination

REES

1.16

LREES

.12

1.08

1
L
i

L
'
B

PR Bt Sl B e i e S B N ShE S SN BN N G e i

+

®(a
ol F s i
‘er. .
Mg &..t). Zn e Sc
&y m:&_.
< ® N e Ti ——
& V8CrGaJPGE ~—~
® Al
® Be
® 5i s P ]
e 3
i 4 :
| 2 3 4 5 2

lonic charge




2. Inosilikaty - Skupina amfibolu

Hlavni mineraly

rombicke

antofylit Mg,Mg.Si;O,, (OH),

monoklinické

tremolit Ca,Mg.Si;O,, (OH),

aktinolit Ca,(Mg,Fe):SigO,, (OH),

obecny amfibol

pargasit NaCa,Mg,AlSi Al O,, (OH), Vléknit}’/ amfibol

glaukofan Na,Mg.AlLSi O,, (OH),

Tyto mineraly uvazuji pouze Mg, u vSech lze Mg
nahradit Fe**.




2. Inosilikaty - Skupina amfibolu

Vlastnosti: R, N L
barva kolisa podle chemického slozeni i
Amfiboly chudé Fe (tremolit)
bezbarvy, bily, Sedy, Zluty, hnédy
Amfiboly bohaté Fe (aktinolit, amfibol)
tmavé zeleny az Cerny

t = 5-6, h = 3-3,5, Stépnost vyborna, 120°
Amfiboly jsou velmi ¢asto pleochroické a mnohem
vyraznéji nez pyroxeny.

Casto tvori stébelnaté, jehlicovité aZ vlaknité agregaty,
Stépnost amfiboli je viditelné dokonalejsi nez u
pyroxenti.

Amfiboly jsou stfedné odolné alteracim a zvétravani, Casto
jsou zatlacovany slidami, chlority.

Vyskyty magmatické a metamorfované horniny kiiry,
vétsinou chudé SiQ,.
V plasti se vyskytuje jen zcela vyjimecné.

Vyuziti: chemické slozeni amfiboli je indikatorem PT
podminek vzniku a sloZeni materskych hornin.

Amfibol, Vlastéjovice




2. Inosilikaty - Skupina amfibolu

Vyskyty:

magmatické a metamorfované horniny plasté a kiry, méné
casto hydrotermalni a vyjimecné vznika authigenné.

Antofylit — ultrabazické horniny, ¢asto s olivinem a
pyropem (Vézna, Ruda nad Moravou)

Tremolit — hlavné mramory a Mg-skarny (Pernstejn,
Vlastéjovice), pyroxenové ruly , v dioritech

Aktinolit — typicky mineraly metabaziti metamorfovanych
ve stiednim stupni facie zelenych bridlic)

Obecny amfibol — béZny mineral magmatickych i
metamorfovanych hornin

Pargasit - béZny mineral magmatickych i
metamorfovanych hornin (vice Na)

Cedi¢ovy amfibol — hlavné ve vulkanickych horninach (C.
stiredohori)

Glaukofan — typicky mineral hornin vznikajicich v
metamorfovanych horninach za velmi vysokého tlaku
ale relativné nizkych teplot

Richterit — mineral z alkalickych hornin (magmatickych i Nefrit — varieta aktinolitu
metamorfovanych)

Arfvedsonit — mineral magmatickych alkalickych hornin
Holmquistit — amfibol z kontakti Li-bohatych pegmatiti




2. Inosilikaty - Skupina amfibolu

Klasifikace amfiboli (Leake et al. 1997) a vybrané amfiboly (pouze s Mg)

Mg-Fe-Mn-Li amfiboly A
Antofylit

Gedrit

Holmquistit

Ca amfiboly

Tremolit
Magnesiohornblend
Aluminotschermakit

Edenit Na
Pargasit Na
Kaersutit Na

Na-Ca amfiboly (Casto s Fe3*)

Richterit Na
Magnesiokatoforit Na
Winchit

Aluminobarroisit

Na amfiboly (Casto s Fe’")
Glaukofan
Magnesioarfvedsonit Na
Leakeit Na

NaCa
NaCa
NaCa
NaCa

T
Si
Si Al
Si

Si
Si,Al
Si Al
Si,Al
Si Al
Si Al

Si
Si,Al
Si
Si,Al

Si
Si,Al
Si
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2. Inosilikaty - Skupina amfibolu

zakladni substitucni vektory (odvozené od tremolitu)

1) VAIVAI Mg_Si,
(2) BNaV'AL'WAl Ca_ MgSi,

(3) BNaVvlAl Ca_ Mg,

4) ANaVIALVAI, Mg_Si,

(5) ANavAL'VAl  Mg,Si,

(6) ANalVAl ,Si,

(7)  ANaBNaVIAI'VAI ,Ca_Mg_Si_
(8) ANaPBNa 4Ca

Misitelnost mezi jednotlivymi amfiboly je
ruzna, od uplné - tremolit-ferrotremolit
po velmi omezené — tremolit-antofylit

tremolit-tschermakit (magnesiohornblend)

tremolit - barroisit

tremolit - glaukofan (winchit)
tremolit -magnesiosadanagait

tremolit - pargasit

tremolit - edenit
tremolit - magnesiokatoforit
tremolit — richterit

Cap Mg5SigOz, (OH); CagFegtSig0p,(0H),
Tremolite N Ferroactinolite
Actinolite
Orthoamphibole Cummingtonite
Anthophyllite Grunerite

MgySig0pp(OH), FeSig0,p, (OH),




2. Inosilikaty - Skupina amfibolu

NaNaz(L4M!)ESiaO22(OH)2 NaNa,(LyM,)Si;AI0,,(0H),
ckermannite Nybaite NaNa,(LM,)SigAl,0.,,(OH)
Magnesio-artvedsonite ; gg \(SI:Ja+K) A Ferric-nybéite NaNaz(LzMa)/SEAIZOn(OH)Z ! 1.?)03(N2a2+ K) 2
2.00 Na,, 7.00 i < 6.00 Si () 2.00Nag
ONa,(LyM,)SigO,5(0H), 5.00 Si
Glaucophane v 1,. |3 F G St as Py | i L 20t e r ....../Jmasa;;; PO R TN |
Magnesioriebeckite -}3}‘ W x Naz(L2M3)5|,A1022(OH) % $ONap(LM 4)S|6AI2022(O.;;)‘% + ONa,MgSigAl,0p,(OH),
— 2.00 Nag S @ Lt B 0.00 (Na+K) ,
¢ 3T X sene —‘ ’ 200 NaB 1.50 NaB
sodic g 5.00 Si
amphiboles i :ﬁs 7 %its2
: i s
: ) 2
— 1.50 Na P z y; e g S
8 1.00 Nag | .;%c £ ..;.‘.Z‘E'?: sk . *_{ i S (u,.,..x: “l !ﬁé‘is.ﬁ ;_ Q 1.00 Nag
Na(NaCa)LSS|8022(OH)2 ,\.r ‘ Na(NaCa)L‘MSI7A1022(OH)2 ' 3 Na(NaCalLM;Sight;Ony( OH), | Na(NaCa)L,M,SigAl;0,,(0H),
Ry . Magnesiotaramite
3 ’ét 3
sodic-calcic 1.00Nay @ AN 2 é
amphiboles O(NaCa)LMSigO,,(OH), s.,.,ﬂuzozz(ori)2 (NaCa)LM,SisAl,0,,(OH),— 0.50 Nag
Winchite %% 3 i
: : 5.00 Si
— 1 050Na A : : 1.00 (Na+K)
8 [ 77.00 (Na+K) .1 b ....|.......,,..:z.» e Yo /b 0.00 Nag
amphiboles 0.50 (Na+K) , |5 SFEA b ol [ e o Edenite 2=l 2T VLU pargasite 22 =%}, Magnesiosadanagaite
e / Magnes:ohasungsne
0.00 Na 8.00 Si 7.00 Si 6.00 Si 5.00 Si
e B.— “
0.00 (Na+K) , . , , 0.00 (Na+K),
OCayLsSigOp(0H), OCay(LM)Si;AI0L(0H),  DCay(LyMy)SigALO,,(OH), 0.00 Na
3 . x\‘\\ Ly Tremolite Magnesiohornblende Tschermakite OCay(L,M,)Si AI3022(0H)2
LN
M = VAl Fe3* @ Mg end members are named

L = Mg, Fe?*, Mn

\|
Al OH=0H, O, F, Cl O hypothetical end members

cations per 24 O, OH, F, Cl

0O = empty A-site




Table 4-2. Table of common exchange vectors encountered in rock forming minerals.

2. Inosilikaty - Skupina amfibolu

Exchange vector

Mineral groups in which it occurs

Example

Notes

KNH_[

feldspars, feldspathoids, micas,
amphiboles(minor)

KA |Si308‘NuA]Si303
(orthoclase-albite)

There are well defined solvuses along this
- exchange in all mineral groups.

FeMg

olivine, pyroxcne, amphibole, micas, talc,
garnet, chlorite, serpentine, staurolite,
chloritoid, cordicrite, carbonalcs, elc.

FCzSiO4-MgzsiO4
fayalite-forsterite

Extremely common. Occurs in all major
Fe-Mg silicates between numerous end
members. Very nearly ideal solution.

FeMn

Samec mincral groups as FcMg_, especially
in garnet

FCjAlzsi_‘;Ou-f\’fﬂ;A[szOl2 "
almandine-spessartine

Very common in Mn-rich rocks. Nearly
ideal solution.

Cab/lgA;

olivine (minor), pyroxene, amphibole,
garnet, carbonates

Ca;Al,Si3013-Mg;3 AL Siz0
grossularite-pyrope

Common in most mincral groups. Large
solvus is well documented in most groups.

CilFC.l

Same groups as CaMg_;

CaFcSizoc-FCQSizoé
hedenbergite-ferrosilite

A solvus occurs along this vector, but not
as large (at the same T) as in CaMg.;.

Fel+Al,

zoisile, epidote, garnet, pyroxene,
amphibole, spinel

CaAlLSi1;0 Q(OH)‘CazAIFCé”Si:;O 12(OH)
clinozoisite-pistacite

Very likely a miscibility gap along this
vector in epidote, certain garnets and
possibly other minerals.

Cr3*Al_1

garnet, spincl

MgCr;04-MgAl,O4
chromite-spinel

F(OH)_,
CI(OH),,

micas, amphiboles, talc, topaz, etc.

Mg3Si40,0(F)2-Mg3Si40o(OH)
fluorotalc-talc

Occurs in F- or Cl-rich environments.
Monitor of fluid composition (F fractionates
into solids, Cl into fluid)

AIVIAIIVMg. 1 Si_l
(Tschermak exchange)

pyroxene, amphibole, mica, talc, chlorite,
serpentine, etc.

CaAlAlSiO6-CaMgSi206
“Cats” - diopside

The dominant Al substitution mechanism in
most silicates. Probably non-ideal.

N8A|'v0.|Si_1
(edenile exchange)

amphibole, mica

NaCa;MgsA1Si;073(OH),-
0Ca;MgsSigO,2(0H),
edenite-tremolite

Vacancy substitution mechanism. Generally
involves alkali site in amphibole or mica .

NaSiCaAl'Y
(plagioclase exchange)

plagioclase, pyroxene, amphibole, mica
jadcite-"Cats™

NaAlSi;Og—CaAleizOG
plagioclase

Highly non-ideal. Numerous miscibility
gaps along this exchange. NaSi is favored
at high P over CaAl.

NaAIViCa Mg,
(jadeite or glaucophane
exchange)

pyroxencs, amphibolcs

NﬂAlSizOg-C&MgSian
jadcite-diopside

Non-ideal. NaAl favored at high P.

. VI .
TiAl, Mg, Si,
(titanium-tschermaks)

pyroxenes, micas, amphibolcs, etc.

CaTiAlO6-CaMgSizOg
Ti-tschermaks-diopside

A dominant Ti-substitution mechanism in
silicates.

TiFe2*Fe’)

oxides, amphiboles, micas, etc.

FCTEO_‘,-F(2203
ilmenite-hematite

Dominant Ti subslitution in oxides.




2. Inosilikaty - Skupina amfibolu

Vztah stépnosti a krystaloveé
struktury u pyroxent a
amfibolu.

~; F4 ;"
’},,f*f

Obr, 9.4.2; Stapnost pyroxent (A) a amfibolti (B). Na obr. a) je schematické zndzomén struktur s vyznacenjm
priibahem $tépnosti mezi Fetézci, na obr. b) jsou prifezy krystald s naznagenymi &tépnymi plochami a Ghly mezi nimi.
Projekce ve véech pfipadech na (001) (fetézce probihaji kolmo k nakresné)

Amfibol ve vybruse




2. Inosilikaty - Skupina amfibolu

Tremolit

Antofylit, Hefrmanov




2. Inosilikaty - Skupina amfibolu

Aktinolit, Sobotin

Tremolit, Olesnice




2. Inosilikaty - Skupina amfibolu

Richterit

Aktinolit




2. Inosilikaty - Skupina amfibolu

Glaukotfan

Arfvedsonit




3. Klasifikace amfibolu

NaNa, (L 4M)SigO,,(OH), NaNaj(LyM,)Si;Al0,,(OH),
o Ecl::lrmanmle 1.00 (Na+K) Nybdite NaNa,(LM,)SisAl,0,,(0H),
agnesio-arfvedsonite a+ Ferric-nybdite NaNa,(L,Mq)SicAl,O,,(OH)
8.00 Si A Y 212 3/\8 V22 2 /);gg xla*K)A
<00 Nag 7.00 Si < 6.00 Si o NaB
ONay(L3M,)SigO,,(0H), : 5.00 Si
Glaucophane TR AR ot St 287 R I ST T PV A P SRS | vy S e L S TNy |
Magnesioriebeckite :"“1::" DNaz(LQMa)SuAlOzz(OH)—{-‘;i £ ONa,(LM 4)S|6AI2022(0H)2 =R 33 ONapyMgSigAla0,5(0H),
%‘HWH D }‘21 Py i -uuﬁ.? =2
— 2.00 Nag v, @) T M“_u_m_w t\fﬂ,u.» P ey 000(Na+K)A
sodic 'l‘ct'“ b 5 00 S:
amphiboles | :.u :’} 4e ST
; %

T 150Nag 100Na8(.;§‘§§" | e s .j 2i0s *} :s‘;:’:nl ﬁ@"‘_ﬁ&%‘ dw‘ () 1.00 Nag

Na(NaCa)LSS|8022(OH)2 ,ﬁ,, 3 ‘ Na(NaC

sodic-calcic 1.00 Na, @

U | Bats s %
AL M

amphiboles | onacan msi.o ©OH), 23R8I0 NaCa)LM,Si,AID (OH), 3 O(NaCa)L,M. SiALO (OH)
4 822 2 i ik 4 22 2 ) 5 222 2

; Na(NaCa)LgMzslsAlzon OH), |  Na(NaCa)L,M;SisAl;0,5(0H),
22 “ Magnesiotaramite

¥

(NaCa)LM,SigAl;0,,(0H), 0.50 Nag

3 ,'!
&

Winchite BRAS mnmsm ;IF!‘

5.00 Si

—t— 0.50 NaB

1.00 (Na+K) X"\ =R ‘.'.}}:,’.“z.” el

[ ENEL

Lot o -

+c‘¥=‘h' :
_'A.aﬂ

e 1.00 (Na+K),

ey VS
UL SRREL @ 0.00 Nag

calcic 0.50 (Na+K) ET R orray o kadis NaCa2L5517A1022(OH)2 NaCaz(L‘M)SIGAI.‘,On(OH).‘, %}t NaCa,(L3M,)SisAl;0p,(0H),
amphiboles ’ TR A NIRRT R PO PR Ui £ yonjjq 2wt | ilhvony oy =™ pargasite 2= ="} Magnesiosadanagaite
/ Magnesiohastingsite
L 0.00Nag g 8.00 Si ‘ 7.00 Si 6.00 Si 5.00 Si
0.00 (Na+K) , , . ) 0.00 (Na+K) ,
OCa,LsSig0;5(0H),  OCay(LM)Si;AIOL(0H),  OCay(LyM,)SigAlOn(OH), 0.00 Nay,
X@ la Tremolite Magnesiohornblende Tschermakite OCa,(L,M)SigAlL O, (OH),
g1
M = VAl Fe3t @ Mg end members are named
Vip| L = Mg, Fe?*, Mn
_ OH=0H, O, F, Cl O hypothetical end members .
cations per 24 O, OH, F, CI 0= empty A-site




1.0

Mg/(Mg + Fe?*)
o
[8;]

0.0

3. Klasifikace amfibolu

calcic amphiboles

Diagram Parameters: Cag 2 1.50; (Na + K)4 2 0.50

Ti<0.50 Ti20.50
r=-"-" A4 — v —w
pargasite
(VIAI 2 Fe3+) ) _ ‘
edenite magnesiosadanagaite kaersutite
magnesiohastingsite
(VIAl < Fe3+)
ferropargasite
ferro-edenite (ViAl 2 Fe3t) sadanagaite ferrokaersutite
hastingsite
(VIAI < Fed+)
R a r 3 -
] L l ! ! . [
75 70 g5 80 55 30 4565
Si in formula Siin formula
Diagram Parameters: (Cag 2 1.50; (Na + K), < 0.50)
Cap <0.50 | Cap 2050
1.0 - . —w
og || et cannilloite
. actinolite | magnesiohornblende tschermakite
&
m . .
. Final names require the relevant
+ 05k prefixes which are listed in
D = Table 1 and may optionally
5 include the modifiers that are
> ferro- . found in Table 2.
= actinolite ferrohornblende ferrotschermakite
» w v : symbols indicate
the locations of end
» 44 hember formulae
» 0.0% . - listed in the text.
1 ] 1 1 L j
80 75 70 6.5 & 5.5
Siin formula

Mg/(Mg + Fe2*)

Mg/(Mg + Fe?*)

Mg-Fe-Mn-Li amphiboles

Diagram Parameters: (Ca + Nag) < 1.00; (Mg, Fe2+, Mn, Li)g 2 1.00; Lig < 1.00
Orthorhombic Monoclinic
1.0 —
anthophyllite gedrite cummingtonite
0.5
ferro- :
anthophyllite ferrogedrite grunerite
o.0% y - L
L 1 1 L J
8.0 70 6.0 8.0 7.0
Si in formula Siin formula
Diagram Parameters: (Ca + Nag) < 1.00; (Mg, Fe2+, Mn, Li)g 2 1.00; Lig=1.00
Orthorhombic Monoclinic
1.0
holmquistite clinoholmquistite l
Final names require the relevant
0.5+ prefixes which are listed in
Table 1 and may optionally
include the modifiers that are
found in Table 2.
ferroholmquistite clinoferroholmaquistite e
» w w : symbols indicate
the locations of end
haa
ook member formulae
i | . y listed in the text. J]
8.0 7.0 8.0 7.0

Siin formula

Siin formula




4. Souhrn amfiboly

Klasifikace amfiboli je nesmirné komplikovany problém
a momentalné platna klasifikace (Leake et al. 1997) je
prepracovavana zhruba ve stejném duchu.

Hlavnim problémem ale je, Ze Kklasifikace amfibolu neni
cilem nasi prace ale jen prostredkem, jak se
dopracovat rozumnych geologickych zavéri. Mnohem

dulezitéjsi jsou v tomto smyslu ale substitu¢ni
mechanismy.

1.4 1
1.2 4
1.0 1
0.8 -
0.6 -
0.4 -
0.2 -
0.0

Na + K




4. Souhrn amfiboly

Tato prednaska zahrnuje ponékud pokrocilejsi prehled hlavnich
mineralu ze skupiny amfiboli.

Jsou uvedeny hlavni substituce, v amfibolech uz vyrazné
prevladaji heterovalentni nad homovalentnimi.

Barva kolisa podle obsahu Fe (Mn), mineraly s vyraznou
prevahou Mg nad Fe (Mn) jsou bezbarvé, svétle zluté nebo svétle
zelené, mineraly bez Mg a Fe maji riizné ale vétSinou svétlé barvy.
Mineraly s vysokym obsahem Fe jsou tmavé — Cerné,
Cervenofialové nebo hnédé.

Vsechny amfiboly (az na naprosté vyjimky) obsahuji H,O jako
skupinu OH ale navic také F a nékdy i CI.

Témér vSechny amfiboly vznikaji za teplot a tlaki relativné
nizSich ve srovnani s pyroxeny podobného slozeni vétSinou vc
magmatickych a metamorfovanych horninach. Amfiboly ale
najdeme i v hydrotermalnich systémech.




