CaHkT-lNeTepbyprckmn ocyoapCTBEHHLIN YHUBEPCUTET

Kpucrannoxumus nopoaoo0pa3yrommx
MUHEPAJIOB

INekumns 8. JleHTouHble cunukatbl. AMpunbonsbl
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AMPuoonI (0T ap.-rped. ApeiBoAoC — ABYCMBICICHHBI,
HESICHBIN ) — TpyIINa Iopo000pa3yoIux MUHEPAIOB
MOAKJIacCa JICHTOYHBIX CUJIMKATOB. MHOTrHe aMmpuO0IIbI
SBJISIFOTCS] BAXKHEUIIMMU TTOPOA000Pa3yIOIIUMHA MUHEPaTaMHU.
ITo pactipoCTpaHEHHOCTH B 36MHOM KOPE OHU CYUIECTBEHHO
YCTYIAOT TOJILKO MOJIEBBIM IIITaTaM, KBapily U HE3HAUUTEILHO
MUpPOKCEHaM U citofaM. AMQPUO0IbI KPUCTATU3YIOTCS B
IIMPOKOM MHTEpBajIe TeMIIepaTyp U AaBJICHUH, COIepKaTCs B
MarMaTu4ecKux (0T yIbTPAOCHOBHBIX 10 KHCIIBIX) U
MeTaMOp(PUUECKUX TOPHBIX Mopoaax. Kpucramioxumuueckast

«obmas» dhopmyna amduodosa, ycTaHOBICHHAs BIEPBbHIC
Yoppenom (Warren, 1930),

A,.,B,C:[T,0,,],(OH,0,CLF),, tze:

A= Li, K, Na

B= Ca, Na, Mg, Fe?*, Mn

C= Mg, Fe3*, Fe?*, Al, Mn, Ti, (Cr, V, Ni)
T=Si, Al, (Ti)
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AM}HUO0IIBI UIMEIOT BBITSHYTBIHM, BIUIOTH JI0 UTOJIBYATOTO,
pexe KOPOTKOCTONI0UYAThIN OOIMK KPUCTAIIIOB,
COBEPIIICHHYIO MPU3MATHIECKYIO CIIAHOCT,
MICEB/IOrEKCAroHalbHY 0 () OPMY MOMEPEUHOTO CEUEHUSI
KpucTaioB. /s MHOTHX aMuO0JIOB XapaKTepHbI
acOecTOBHIHBIC arperarbl. MOTyT 00pa30BbIBATH TAKKE
IJIOTHBIE MAcChI (HarpuMep, Hepur).

SABnsroTcs 6oee MO3THUMH, YeM MUPOKCEHBI,
IPOIYyKTaMU MarMaTHYeCKON KpHUCTAIN3aIuu 1 Oojiee
paHHUMHU MUHEpaJlaMu MeTamopdusma. Porosas
oOMaHKa, TPEMOJIUT, aKTUHOJIUT — TUIIUYHbIC MUHEPAIIbI
ckapHOB. [lo3AHUMU TUIPOTEPMAIBHBIMU MIPOIIECCaMU
amM(uOO0IIBI UBMEHSIOTCSI B OUOTHUT, XJIOPUT U CEPIICHTHH.
B MOBEpXHOCTHBIX YCIOBUSX MEPEXOIAT B
MOHTMOPHUJUIOHUT, HOHTPOHUT, TAJLTya3uT, KapOOHATHI,
JUMOHHT, OTaJl.
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CrpykrypHas dhopmysa ampudoa:
A(M4),[(M2),(M1),(M3)][(T1),(T2),022](OH,F,Cl),
XapakTepHBbIMU JIEMEHTAMU CTPYKTYpbl aM(PuO0IIOB
ABJISIIOTCA OCCKOHEYHBIE B HAITPABJICHUU OCH C JICHTHI U3
TO,- terpasnpos coctasa [(S1,Al),04,]cc ¢ nmepronom
noBTopsieMocTH okono 5.3A. TeTpasapsl Kax 0¥ JIEHTHI
OJIMHAKOBO OPUEHTUPOBAHBI CBOOOIHBIMU BEPITUHAMU,
OJIHAa U3 CTOPOH JICHTHI COCTABJICHA OCHOBaHUSIMU
TETPAIPOB, APYras - UX BeplIMHAMU. TeTpasapsl IByX
tunoB: T(1)O, cogepkar Tpu MOCTUKOBBIX (00IIKX AJIs 2
aroMoB S1) M OJIMH HEMOCTHUKOBBIN Kuciopoasl; T(2)O,
HMMEIOT JIBa HEMOCTHKOBBIX KHUCIIOPOJIa, OHM 00Jiee KPYyITHbIE
M MeHee MpaBuIIbHEIE. TpexBaneHTHbIe KaTHOHBI (Al
nHorga Fed"), sameniaromue Si B TeTpasapax, B OCHOBHOM
JoKanu3ytoTes B mojoxeHusx T(1).

NOBTOPSOLLNNCS
doparmMeHT -
S1,01

/ MOHOKJIMHHBIC

POMOHYECKUE
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A(M4),[(M2),(M1),(M3)][(T1)(T2),0,,[(OHE.CD),

Kpemuekucaopoaabie ISHTHI TOMTApHO 00paIIeHBI
APYT K APYTY CTOPOHAMH CO CBOOOTHBIMU
BEpIITMHAMH TETPAdIPOB U CBA3aHBI aTOMaMHu Mg,

Fe, Al, Mn u Ti Takum 006pa3oM, 4TO TOCIIETHUE
HaXOJSITCSI B OKTAPUUE€CKOM OKPY>KEHHH aTOMOB
KHUCJIOPO/Ia KPEMHEKUCIOPOHBIX JIEHT. [Ipu aTOM
karuonsl Mg, Fe, Al u Ti 3aHumaror Tpu
HE3KBHUBaJEeHTHbIC no3uruu: M(1), M(2) u M(3).
OxkTrasrapuyeckue KaTHOHbI 00pa3yIoT
OKTadIpUUYECKYIO0 JICHTY, PacIoIararonlyocs

MEXK]ly ABYMS TeTpasipuueckumu. Takas
TpEeXCIIOWHas JIeHTa uMeeT hopMmy Opycka, 1Be a
napasuleibHbIE CTOPOHBI KOTOPOTO OTPaHUYEHBI
OCHOBaHMSIMU TETPAPUUECCKUX JICHT.
XUMHUYECKHUE CBSI3U BHYTPU OPYCKOB 3HAYUTEIHHO
IpoYHEe, YeM MEXKITY HUMH, 3TUM U
00yCl1aBIMBACTCS XapaKTepHas MpU3MaTHyecKas
CITaltHOCTh amM(PuO0I0B.
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The standard amphibole formula Ay ;B,C:T30,,(OH),:

(1) Sum T to 8.00 using Si, then Al, then Ti.

(2) Sum C to 5.00 using any excess Al and Ti from (1) and

then successively Fe3+, V, Cr, Mn3+, Zr, Mg, Zn, Ni, Co, Fe2+,Mn2+, Li

(3) Sum B to 2.00 using first any excess above 5.00 from C,

In the reverse order of (2) starting with Li and then Mn2+ etc, and then follow
with Ca, Sr, Ba and Na.

(4) Excess above 2.00 in B is assigned to A in the reverse

order of (3), starting with Na and then finally all the K is allocated to A.



MNate rpynn amcgpubonos
A0-182C5T8022(OH)2

Group 1. Where the sum of the L-type ions B(Mg,Fe,Mn,Li) > 1.50 apfu then the amphibole is
a member of the magnesiumiron-manganese-lithium group. (L-type ions are divalent Mg, Fe,
Mn, Zn, Ni, Co etc and Li, as described in IMA97).

Group 2. Where B(Mg,Fe2+,Mn2+,Li) < 0.50, B(Ca,Na) >1.00 and BNa < 0.50 apfu, then the
amphibole is a member of the calcic group.

Group 3. Where B(Mg,Fe2+,Mn2+,Li) < 0.50, B(Ca,Na) > 1.00, and 0.50 < BNa < 1.50 apfu,
then the amphibole is a member of the sodic-calcic group.

Group 4. Where B(Mg,Fe2+,Mn2+,Li) < 0.50, and BNa > 1.50 apfu, then the amphibole is a
member of the sodic group.

Group 5. A new amphibole group is defined as “Where 0.50

< B(Mg,Fe2+,Mn2+,Li) < 1.50 and 0.50 < B(Ca,Na) < 1.50 apfu,

then the amphibole is a member of the sodium-calcium-magnesium-

iIron-manganese-lithium group.”

The definitions of the prefixes and modifiers given in IMA97 that are stated to apply to all
groups apply to the new group with the addition that the prefix alumino, where €Al > 1.00
apfu, (note not = 1.00 apfu) also applies.



Mg/(Mg+Fe2+)

Mg/(Mg+Fe2t)

Group 1: Mg-Fe-Mn-LI amphiboles

B(Mg, Fe2*, Mn2*, Li) = 1.50; BLi < 1.00: CLi < 0.50 i.e. LI-poor

Orthorhombic

Monoclinic

1.00
Anthophyllite Gedrite Cummingtonite
0.50
Ferro-anthophyllite Ferrogedrite Grunetite
0.00
8.00 7.00 6.00 8.00 7.00
Si in the standard amphibole formula
B(Mg, Fe2*, Mn2*, Li) = 1.50; BLi = 1.00; i.e. LI-tich
CLi < 0.50 CLi >= 0.50
Orthorhombic Monoclinic Monoclinic
1.00
Holmquistite Clinoholmquistite Pedrizite
0.50
Ferrocholmquistite Clinoferroholmaquistite Ferropedrizite
0.00
8.00 7.008.00 7.00 8.00 7.00

Siin the standard amphibole formula

AMGPuo0JIBI
I'pynna 1

Sodicpedrizite
NaLi,(LiMg,Fe3*Al)Sig0,,(OH),
The prefix sodic: Na > 0.50 apfu,
K > 0.50 apfu is
potassicpedrizite.

Holmquistite




Mg/(Mg + Fe?*)

1.0

0.0

Mg/(Mg + Fe®*)

Diagram Parameters:

Cag 2 1.50; (Na + K), 2 0.50

AMGPuo0JIBI
I'pynna 2

calcic amphiboles

Tremolite

Si in formula

Ti<0.50 Ti>0.50
- T v 4 v w
pargasite
(VIAl z Fe3+) )
edenite magnesiosadanagaite kaersutite
magnesiohastingsite
(VIAl < Fe3+)
ferropargasite
Vi 3+
ferro-edenite (YAl 2 Fed) sadanagaite ferrokaersutite
hastingsite
(VIAl < Fed+)
|_ _— . F Y .
l ) L L L J L ] |
7.5 70 6.5 6.0 5.5 50 45 6.5 6.0 5.5
Si in formula Si in formula
Diagram Parameters: (Cag 2 1.50; (Na + K)4 < 0.50)
Ca, < 0.50 | Cap >0.50
1.0F Piremoiit hd hd
09} mote cannilloite
actinolite | magnesiohornblende tschermakite
Final names require the relevant
0.5k prefixes which are listed in
’ Table 1 and may optionally
include the modifiers that are
ferro- . found in Table 2.
actinolite ferrohornblende ferrotschermakite
¥y w w : symbols indicate
the locations of end
&4 member formulae
ooLm - o listed in the text.
L L ! | ] |
go 75 ' 65 %0 55



1.0

Mg/(Mg + Fe2*)
o
P

0.0

1.0

g/(Mg + Fe®*)

0.0

sodic-calcic amphiboles

Diagram Parameters:
(Na + K)p = 0.50; (Ca + Nag) =1.00; 0.50 < Nag < 1.50
P L 4 L
richterite | magnesiokatophorite | magnesiotaramite
ferro katophorite taramite
richterite
Y — F -1
[ | L | 1 |
go 75 70 65 %0 55
Siin formula
Diagram Parameters:
(Na + K)4 < 0.50; (Ca+ Nag) 21.00; 0.50 < Nag < 1.50
4 — W
winchite barroisite
Final names require the relevant
B prefixes which are listed in
Table 1 and may optionally
include the modifiers that are
found in Table 2.
ferro ferrobarroisite —
winchite » w w : symbols indicate
the locations of end
&4 member formulae
— |- ) M | listed in the text.

8.0 7.5 7.0 6.5
Si in formula

AMGPuo0JIBI
I'pynna 3

© Joseph A. Freilich, LLC

Richterite
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Group 4: Sodic Amphiboles

B(Mg, Fe2+, Mn2+, Liy < 0.5 and BNa = 1.50

Li < 0.50 Li = 0.50
Mn2+ + Mn?+ < AIV! + Fe?+ + Fe?+ + Mg Mn2* + Mn3* = AIV! 4 Fe3+ 4 Fe?* 4+ Mg
ANa + K) < 0.50 A(Na + K) = 0.50
1 . D — L& 2 N R N N J - 1 .D —
| h eckermannite
g iﬁ,‘fg‘; g?e (A= Fed+) leakeite leakeite
(AIVI= Fed+) magnesio- (AIVI = Fed+)
arfvedsonite {AIVI = Fe3+) (AIV! < Fed+)
— magnesioriebeckite (A< Fe3t) f i T I
+ i erric-nyhdite +
NCIJ (A1 < Fe3+) Upem“e (vl = 2&} NC Nm or NC or
L (Tiz 0.5; = LL =
+ OH+F+Cl < 1) + + | (Fed+ = mn3+) + (Fed+ 2 Mn3+)
m0.5 — t R N N N N _§E J 0.5_ m
ferro- . E’ = g
E: eckermannite ferronybbite = ungarettiite | = [ferroleakeite | =| komite
(=] ferroglaucophane (A1 = Fed+) (AIVl = Fa2+) oh OH+F+Cl < 1 D | (aV < Fe3+) D (V< Mn3+)
= (AVI = Fed+) =re = = =
or or
riebeckite arfvedsonite ferric-ferronybbite kozulite
(AIV! < Fed+) (AIVI - Fed+) (A < Fe?+) OH+F+Clz 1 (Fed = Mn3+) (Fe3 < Mn3+)
0. 0 L L N N _F ¥ 3 0 .O —_—
| | | | | | | | [ | | |
8.0 7.5 7.0 8.0 75 6.5 8.0 7.5 8.0 7.5 8.0 7.5
Siin formula Siin formula Siinformula  Siinformula  Siin formula
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Group 5: Na-Ca-Mg-Fe-Mn-Li amphiboles

0.50 < 0 B(Mg, Fe?*, Mn2*, Li) < 1.50 & 0.50 < B(Na,Ca) < 1.50

BlLi> 0.50 BlLi<0.50
A <0.50 A >0.50

1.00
c:? Ottoliniite Whittakerite Prefix parvo
N to Groups 2, 3 & 4
-5: 0.50 and
% magno to
< Group 1 root

'Ferro-ottoliniite’ '‘Ferrowhittakerite' names
0.00
8.00 7.00 8.00 7.00 8.00 7.00

Si in the standard amphibole formula



Prefixes and modifiers

Following Nickel &
Mandarino (1987), prefixes
are an essential part of a
mineral name (e.g.,
ferroglaucophane and ferro-
actinolite), whereas modifiers
indicate a compositional
variant, and may be omitted
(e.g., potassian pargasite).
Modifiers generally represent
subsidiary substitutions,
whereas prefixes denote major
substitutions

TABLE 1. PREFIXES IN ADDITION TO THOSE IN THE FIGURES

Prefix Meaning* Applicable to

Alumino VIAL> 1.00 Calcic and sodic—calcic groups only

Chloro Cl>1.00 All groups

Chromio Cr>1.00 All groups

Ferri Fe'* > 1.00 All groups except sodic

Fluoro F>1.00 All groups

Mangano 1.00 <Mn* <2.99 All groups, except for kozulite and
ungarettiite

Permangano 3.00 <Mn”>* <4.99 All groups, except for kozulite

Mangani Mn*" > 1.00 All groups, except for kornite and
ungarettiite

Potassic K>0.50 All groups

Sodic Na> 0.50 Mg-Fe-Mn—Li group only

Titano Ti> 0.50 All groups, except for kaersutite

Zinco Zn>1.00 All groups



_ TABLE 2. MODIFIERS AND THEIR SUGGESTED RANGES

P reflxes and Maodifier Meaning* Applicable to
modifiers
Barian Ba>0.10 All groups
Borian B=0.10 All groups
Calcian Ca=0.50 Mg-Fe-Mn-Li group
Chlorian 0.25<Cl<0.99 All groups
Chromian 0.25<Cr<10.99 All groups
Ferrian 0.75 <Fe*" < 0.99 All groups except sodic
Fluorian 0.25<F<0.99 All groups
Hydroxylian OH=>3.00 All groups
Lithian Li> 025 All groups, but excludes those species
defined by the abundance of lithium
(e.g., holmquistite)
Manganoan 0.25 < Mn*" <0.99 All groups, but excludes those species
defined by the abundance of Mn*’
Manganian 0.25 <Mn* or Mn*" < 0.99 All groups, but excludes those species

defined by the abundance of Mn’**
(e.g., kornite)

Nickeloan Ni=0.10 All groups

Oxygenian (OH +F + Cl) < 1.00 All groups, except for ungarettiite
Potassian 025<K <049 All groups

Plumbian Pb=>0.10 All groups

Sodian 0.25 <Na<0.49 Mg—Fe—Mn-Li group only
Strontian Sr=0.10 All groups

Titanian 025<Ti<049 All groups

Vanadian V=0.10 All groups

Zincian 0,10 <Zn <0.99 All groups

Zirconian Zr>0.10 All groups
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Joesmithite PhCay (Mg, Fe™t Felt);(8igBes )0y (0H)a

{2)2001 Mizsrsl Dwlw Publiking, wersiza 1.1

Cryntal Data: Monoelinie. Poirt Group: 2/m.  Ar prismatie, erudely doubly terminated,
highly-modified erysials, elongaied along [001] and fattened on {100}, up to 1 emm. Prineipal
forma are {110}, {100}, {010}, {011}, {112}, and {T13}.

Physical Properties:  Cleavage: Perfeet on {110}. Hardness = 6.5 Dimear.| = 3.83(1}
Deale.) = 3.91

Optical Properties: Opague to irensparent in thin fragments. Color: Black; olive-brown iz
ihin femgmenis. Streal: Pale brown. Luster: Suhadamantine.

Optical Class: Biaxial (+]. Pleochrotsm: X = Z = clive; ¥ = brows witk olive {izt.
Absarption: Y>X =2 a= 1.747{5] g= 'L'l""'BI:B' y=1T72(1] 2V(meas|= §0°-70°

Cell Data: Space Group: Plfe. a=9915(2] b =17951(4) o =5.243(1)
A=10695(2)" Z=12

X-ray Powder Pattern: Lazghes, Sweden.
3.33 (10), 2.564 (), 2.530 (§), 2.740 (5.5), 3.70 (5], 2.903 (5), 2676 (5}

Chemisiry: i1} i1
50, 354 Tl 9.9
ALO, 05 BeQ 0.3
Fe,Op 123 Nay© 0.5
FeO 16 K0 0.0
M=0 23 H,0+ [15]
FbO 207 F 0.3
BeO  [43] —0=F, 01

Mg0 06 Total [100.0]




