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1. Silikaty - klasifikace

(a) Pyroxene
a) b) c)
(r;j)& :jE) X gzz @ amis-E@

nesosilikaty sorosilikaty cyklosilikaty

fylosilikaty tektosilikaty

Obr. 9.2: Zpisob vazby tetraedril ve strukturach:

tet
a) nesosilikata (tetraedry jsou uloZzeny samostatné), Q o=

b) sorosilikatii (tetraedry se vaZou po dvojicich), oo & = od
c) cyklosilikatl (tetraedry se vaZou do kruhd), tet
d) inosilikat( (tetraedry se vaZou do "nekoneénych” i@
fetdzci), [Si04]
e) fylosilikata (tetraedry se vaZou do "nekoneénych” ' tet
. - rovinnych siti), HE—
inosilikaty f) tektosilikati (tetraedry se vaZou do "nekone&né” == oc!
prostoroveé sité). “
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2. Inosilikaty - Skupina amfibolu

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

O O
XlIA = Na,K, vakance )
VIIB = Ca, Mg, Fe*", Mn . O :M3 oy o
Na, Li
VIC = Mg, Fe*", Mn oM
O O

Al, Fe3t Oma o
Li ° 0
VT = Si, Al oS es Ko
W= OH,F,ClO0 : :

Oma



2. Inosilikaty - Skupina amfibolu

CGZ M955I3022(0H }2 CﬂzFeg+Si3022(0H)2
Tremolite Ferroactinolite 1
Q

Actinolite

Orthoamphibole Cminirgiosite |
Anthophyllite Grunerite
Mgy Sig 05,(0H), FeSig0,, (OH),
Podobné jako u pyroxent 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
5 Si . .
T-site $ AN Si <8 8Si
s A sA>8 8SiAl
H Ti
C-site  Cr
£
_E Fe3*
iF Mg
i H ;
i Ni
LI Zn
B-site Fel* '
I Y
y ¢ C“—— IMn > 13 13eCNK
i g Na-— ICa< 15 15eNK
P K"—— INaz I5 |5eK
— IK <16 |6CAT
O
* cations arranged according to increasing ionic radius
(smallest, Si to largest. K)
I = cation subtotal (e.g. ZMn = sum of all cations from Si through Mn
in the list)
O = vacancy at the A-site

¥iG. 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: 88i: normalized such that total Si = 8; 85iAl: normalized such that total Si + Al = 8;
13eCNK: 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; I6CAT: normalized such
that the sum of all cations = 16 (see also Robinson et al. 1982, p. 6-12).
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2. Inosilikaty - Skupina amfibolu

Hlavni mineraly

rombické

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

monoklinické

tremolit Ca,Mg.Sig0,, (OH),

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

obecny amfibol

pargasit NaCa,Mg,AlSi AlLO,, (OH), Vléknit}'/ amfibol

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

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



Vlastnosti:
barva kolisa podle chemického sloZeni
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 nezZ pyroxeny.

Casto tvoii stébelnaté, jehlicovité aZ vlaknité agregaty,
Stépnost amfiboli je viditelné dokonalejSi nez u
pyroxent.

Amfiboly jsou stfedné odolné alteracim a zvétravani, ¢asto
jsou zatlaCovany slidami, chlority.

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

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

Amfibol, Vlastéjovice



2. Inosilikaty - Skupina amfibolu

Vyskyty:

magmatické a metamorfované horniny plasté a kiiry, méné
¢asto hydrotermalni a vyjimeéné 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 metabazitii metamorfovanych
ve stiednim stupni facie zelenych bridlic)

Obecny amfibol — béZny mineral magmatickych i
metamorfovanych hornin

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

Cedic¢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 pegmatitt




2. Inosilikaty - Skupina amfibolu

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

Mg-Fe-Mn-Li amfiboly A

Antofylit O
Gedrit N
Holmquistit [
Ca amfiboly

Tremolit O
Magnesiohornblend [
Aluminotschermakit []
Edenit Na
Pargasit Na
Kaersutit Na
Na-Ca amfiboly (Casto s Fe**)
Richterit Na
Magnesiokatoforit Na
Winchit H
Aluminobarroisit [
Na amfiboly (Casto s Fe?")
Glaukofan H

Magnesioarfvedsonit Na
Leakeit Na

Mg, AlFe’*
Mg,Fe3'Li

T
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Si Al
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2. Inosilikaty - Skupina amfibolu

zakladni substitu¢ni vektory (odvozené od tremolitu)

(1) VIAIVAI Mg_Si,
(2) BNaVIALVAI Ca_Mg.,Si,

(3) BNaVviAl Ca_Mg
(4) ANaVALVAL, 0,Mg,Si,
(5) ANaV'ALVAl 0O ,Mg,Si,

(6) ANalvAl 0.,Si,
(7) ANaBNaV1AI'VAI 0,Ca_ Mg Si,
(8) ANaBNa 0,Ca_

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

CUZ Mg55|3022(0H !2 C“aFe§+SiBOZE(OH)2

Tremolite ) Ferroactinolite
Actinolite

Orthoamphibole Cummingtonite

Anthophyllite Grunerite
Mg Sig0p,(0H), Fe,Sig0,p, (OH),
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2. Inosilikaty - Skupina amfibolu

NaNa,(L,M)Sig0,,(0H),

Magnesio-arfvedsonite 1.00 (Na+K)A

ONay(LyM,)SigO,s(0H),

Glaucophane

Magnesioriebeckite
— 2.00 Na B

T | 1.50Nag

sodic-calcic
amphiboles

Winchite

————F— 0.50Nag

calcic
amphiboles

VAT
x
N

VIAI

1.00 Nag @
O(NaCa)L ,MSigO,,(OH),

Eckermannite

NaNa,(L;M,)Si;Al0,,(0OH),
Nybdite
Ferric-nybdite

NaNa,(L,M,)SigAL,O,,(OH),

NaNa,(LM,)SisAl;0,,(OH),
1.00 (Na+K) ,

8.00 Si = o
p 2.00 Na
j B
2.00 Nag, 7.00 Si /‘E/s.oo Si / s
P Ty 3 T T S I M g IS X &;.J.m.r_....r....n/.lmas;, Rk AL |
-:;3;%{‘_ DNaz(LeMS)SL,.AIOez(OH):':’;i DNaz(LMJ)SlﬁAlzozz(O;!);ﬁg ONa,MgSigAl;0,,(0H),
s '%“d"fm » oy “"4‘&. nx: ‘?L"F!‘ i s i : i *... 0.00 (N8+K)
: T Ten o “%"“ Sl 200 Nag ~“>| 1.50 Nag
5.00 Si ;
bt (Pedotnd sriiad
;’?t
Ry = e
: P | Q% Erti (5 1.00 Nag
Na(NaCa)L¢Siz0n(OH A5 w"N NIC LM, SigAl,0,,(OH ™ Na(NaCa)L,M,SicAl,0,,,(OH
sazz( x‘;.‘ KLy a(NaCa)LyM,SigAly0,,( J2k7| Na(NaCa)LoM;SisAly0,,(OH),
-ﬁa ichtanta SRRy R %’;’ Magnesiotaramite :
32 ) 5% | v T:
s 3 '.._ 12¥ \i
3 : s .
N~D(NaCa)L3M25|,AI022(OH)2' D(NaCa)L,MySigAl,0,(OH), (NaCa)LM,SigAlO,(OH),—~| 0.50 Nag
& 3 Barrms:la ;|§§;’7¢ o B ’ :
5.00 Si
1.00 (Na+k),
1.00 (Na+K) , { 0.00 Nag

53“’" : NaCaj(L3M,)SisAl;0,,(0H),

0.50 (Na+K), |. ot Magnesiosadanagaite

Magnesxohasungsne
L 0.00Na .8-00 Si &S.OOSI 5.00 Si
0.00 (Na+K)B ) ) . 0.00 (Na+K) ,
A OCa,LsSig0y;(0H), OCay(LM)Si;AI0x(0H),  DCay(LyM,)SigALOys(0H), 0.00 Nay,
Tremolite Magnesiohornblende Tschermakite oc 25(L,M3)SigAl;0,,(OH),

M = VAl Fe3* @ Mg end members are named
L = Mg, Fe®*, Mn
OH=O0H, O, F, CI O hypothetical end members 5
0O = empty A-site

cations per 24 O, OH, F, CI




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

Noles

KN{].[

feldspars, feldspathoids, micas,
amphiboles(minor)

KAISi;05-NaAlSi;Og
(orthoclase-albite)

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

FeMg_,

olivine, pyroxene, amphibole, micas, talc,

garnet, chlorite, serpentine, staurolite,
chloritoid, cordicrite, carbonates, elc.

FCIS iO4- MngiO,;
fayalite-forsterite

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

FeMn_y

Same mineral groups as FeMg_, especially

in garnet

Fe3Al;Si30,2-Mn3AlLLSi;0);

alinandine-spessartine

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

CaMg.,

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

Ca3AlSi3012-Mg3AlLSi30, 2

grossularite-pyrope

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

CaFe.

Same groups as CaMg_;

CaFeSi304-FesSia0g
hedenbergite-ferrosilite

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

Fe3+Al,

zoisile, epidote, garnet, pyroxene,
amphibole, spinel

CayALySi30,3(0H)-CazAlFc; 'Si302(OH)

clinozoisite-pistacite

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

CFJ+AI_|

garnet, spincl

MgCrO4-MgAlL Oy
chromite-spinel

F(OH)_,
CI(OH),

micas, amphiboles, talc, topaz, etc.

Mg351,00(F)2-Mg3Si40,0(OH)

fluorotalc-talc

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

A [V[Allng. 1 Si,|
(Tschermak exchange)

CaAlAISiOg-CaMgSi,Og

pyroxenc, amphibole, mica, tale, chlorite,
“Cats” - diopside

serpentine, elc.

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

NIIAHVO.] Si_|
(edenite exchange)

amphibole, mica NaCa;MgsAlISi;022(0H);,-

0Ca;MgsSig072(0H);
edenite-tremolite

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

NaSiCa_Al'}
(plagioclase exchange)

plagioclase, pyroxene, amphibole, mica
jadeile-"Cats”

NaAlSi;Os-CnAlzsizoﬁ
plagioclasc

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

NaAIVICa Mg,
(jadcite or glaucophane
exchange)

pyroxencs, amphiboles

NaAlSi,06-CaMgSiaOg
jadcite-diopside

Non-ideal. NaAl favored at high P.

TiAlY'™Mg.,Si,
(titanium-tschermaks)

pyroxenes, micas, amphibolcs, etc.

CaTiAI;O,s-CaMgSiz()é
Ti-tschermaks-diopside

A dominant Ti-substitution mechanism in
silicates.

TiFe2*Fel}

oxides, amphiboles, micas, elc.

FCTin-FL‘.zO]
ilmenite-hematite

Dominant Ti subslitution in oxides.



2. Inosilikaty - Skupina amfibolu

Vztah stépnosti a krystalové
struktury u pyroxenu a
amfibolu.

-l Lt >
G C

AR l"’.i’
,gaf s

Obr. 9.4.2: Stépnost pyroxend (A} a amfibolii (B). Na obr. a) je schematické znazoméni strukiur s vyznatenym
pribéhem Stépnosti mezi fetézci, na obr. b) jsou prifezy krystall s naznacenymi l&pnymi plochami a dhly mezi nimi.
Projekce ve viech pipadech na (001) (fetézce probihaji kolmo k nékresné)

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

Glaukofan

Arfvedsonit



3. Klasifikace amfibolu

NaNay(L,M)Sig0,,(OH),
Eckermannite
Magnesio-arfvedsonite 1.00 (Na+K) A

NaNa,(LyM,)Si,Al0,,(OH),
Nybaite

NaNay(LM,)SigAl,0,,(0H),
Ferric-nybdite

NaNa,(L,My)SigAl,04,(CH),

8.00 Si s o 1.00 (Na+k) ,
2.00 Nag 7.00 Si “ 6.00 Si 2.00 N?B
ONay(L3M,)SigO(OH), : 5.00 Si
Glaucophane PP Sravtas M 57 I _{,..,_ T I0Re ae L ] SRe S T
Magnesioriebeckite 3 DNaz(L2M3)517A1022(OH)2 et 0ONay(LM ‘)S"-’A'QO”(OQ%%: ONagMgSigAly0,5(0H),
— 2.00 Na o Ll LI gye xS PN, i 0.00 (Na+K)
- 8 : A R | e Rt A
. bt T et “'dkf =y 2.00 Nag 1.50 Nag
sodic Y T b 5.00 Si ;
amphiboles Loy fia b :-“’ (7 rard st
— [ 1.50 Na : - ~— —~——— — =
) B 1.00 Na_, (@ ¥ ST S " "‘b‘f"' ' PO (Y S ‘.‘s'n.« A e e R EA ¢4§
b (@R ERH | R @ RLL b_,}....‘.‘; OB RERE  ()1.00Na
Na(NaCa)LSS|8022(0H)2 F 13 Ea(NaCa)L:,MZSlGAIzOZ,‘,(OH)z i| Na(NaCa)L,M;SisAl,0,,(OH),
-ffa chmeme ) + R Magneswlaram-le
H 2 ;" : A bt o B2 d e
sodic-calcic 1.00 Nag , B 3 HES B :
amphiboles (NaCa)t MSigOp(OH), |3 ‘4-0(NaCa)L3M25|7AIO22(OH)2' D(NaCa)L2M38|5AI2022(0H)2 (NaCa)LM,SisAl;0,,(0H),—> 0.50 Nag
winchite S BmzzF;I Tt | N | S [ e et
; : : : 5.00 Si
———g— 0.50 Na . : 1.00 (Na-:»K)A
B ; £ AA-..;:.: I -'\).«] ‘{,v_ﬁ.-‘t}f 15-‘;, S ®: : 0.00 NaB
calcic 0.50 (Nask [ R NaCa2L55|7AIO22(OH)2 3 ¥ NaCaz(L‘M)SusAlzon(OH).‘, NaCa,(L3M,)SigAl;0,,(0H),
amphiboles (Na+K) , S SIS Edenite XX L YR M pagasite BXFERRET B Magnesiosadanagaite
/ Magnesiohastingsite
L__ 0.00 NaB 8.00 Si Lr 7.00 Si 6.00 Si 5.00 Si
0.00 (Na+K,
0D Ne OCa;LsSig0p(OH),  OCa,(LyM)SizAI0x(0H),  OCay(LyM,)SisAl0,(OH), 0.00 I(Va Z
x‘l\\ l Tremolite Magnesiohornblende Tschermakite OCa,(L,M,)Sis Aﬁ Op(OH),
g
M = VAl Fe3* @® Mg end members are named
Via] L = Mg, Fe?*, Mn
; 16 . OH=0H,O,F, Cl O hypothetical end members ;
Cca . s
RS PR S S O = empty A-site




/(Mg + Fe®*)

1.0

0.5

0.0

3. Klasifikace amfibolu

calcic amphiboles

Diagram Parameters: Cag 2 1.50; (Na + K}, 2 0.50

Ti<0.50 Tiz0.50
r--- B L4 v v
pargasite
(VIal 2 Fed+) ) ) )
edenite magnesiosadanagaile kaersutite
magnesiohastingsite
(VIAI < Fed+)
ferropargasite
ferro-edenite (Var 2 Fed) sadanagaite ferrokaersutite
hastingsite
(VIA]' < Feaa)
L — r 3 a - -
1 s | 1 1 1 ] [ 1 J
75 7 g5 % 55 %0 4565 °° 55
Siin formula Siin formula
Diagram Parameters: (Cag 2 1.50; (Na + K), < 0.50)
Cap <050 Ca, 20.50
1.0 - - -
0.9 igmolite cannilloite
= actinolite | magnesiohornblende tschermakite
&
i-f Final names require the relevant
+ prefixes which are listed in
205 Table 1 and may optionally
g include the modifiers that are
I ferro- . found in Table 2.
= inoli ferrohomblende ferrotschermakite i
aclinalie ' » w v : symbols indicale
the locations of end
b &4 nember formulac
+~ 0.0t - - | listed in the text.
[ 1 L 1 s
80 75 70 65 % &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 21.00; Lig<1.00

Orthorhombic l Monoclinic
1.0 ( v—
anthophyliite gedrite cummingtonite
0.5+
ferro- '
anthophyliite ferrogedrite grunerite
0.0- -
[ ] ] 1 1
8.0 70 6.0 8.0 7.0
Siin formula Siin formula
Diagram Parameters: (Ca + Nag) < 1.00; (Mg, Fe2+, Mn, Li)g 2 1.00; Lig 2 1.00
Orthorhombic Monoclinic
1.0
holmquistite clinoholmquistite
Final names require the relevant
05F prefixes which are listed in
Table 1 and may optionally
include the modifiers that are
found in Table 2.
1 isti linof; h isti
erroholmquistite clinoferroholmquistite ¥ = % symbols indicale
e the locations of end
0 member formulae
0— i . ! : listed in the text.
80 70 80 7.0
Siin formula Siin formula




4. Souhrn amfiboly

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

Hlavnim problémem ale je, Ze klasifikace amfibolu neni
cilem nasi prace ale jen prostiedkem, jak se
dopracovat rozumnych geologickych zavéru. Mnohem

dulezitéjsi jsou v tomto smyslu ale substitu¢ni
mechanismy.

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

Na + K




4. Souhrn amfiboly

Tato prednaska zahrnuje ponékud pokrocilejsi prehled hlavnich
minerala ze skupiny amfibolii.

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 ruzné 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 CL

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



