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1. Introduction

* Berylium (Be) is a specific element due to i
amphoteric behavior.

e (Cation radius —
IVBe = 0,27 A
VIBe = (0,45 A

and low valency control incorporation of B
into tetrahedral sites usually occupied by

Si, Al or P and Be mostly enter further
tetrahedral site T(2) commonly with Al, pa
Li or B.
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1. Introduction

* Low ability of Be to enter the same
structural positions as other elements

* Caused high number of Be-bearing
minerals 110. Beryllium may be
present as classical cation e.g., in
bertrandite

Be,[S1,0,] (OH),,

but it also enters anionic part of
alumosilicates

of alkalis (Na) e.g., in epididymite
Na,[Be,SiO,:] . H,O.

The most common mineral of Be is be




2. Beryl group

Common formula:
CT(2),0,T(1).0,4

site C (channel) = vacancy, Na,
Cs, H,O (He, Ar)

I H,0

I1 H,0

site 7(2) (tetrahedral 2) = Be, Li,
Al (vacancy)

Site O (oktahedral) =

Al, Fe3*, Sc,

Mg, Fe?*, Cr, V, Mn

Site 7(1) (tetrahedral 1) = Si, Al
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2. Beryl group

Further formula:

“(Na,Cs)yx. vz C(HzoﬂHe’Ar)Z-(ZX-Y+Z)+Na

T@(Be; xLiyy.y)

O(Al,Fe,Sc,Cr)3+z_Z O(FeaMgaMn)Z

T[Si O] kde2>Y, X 2Y,Z <<2 a2>2X-Y+Z
Typical substitutions

Al = Sc or Fe?*

CH[ ] OR3+ = CHR+ OR2+

where ¢HR+ =Na, Cs; O°R3+ = Al, Sc, Fe3+; °R2+ = Mg, Fe2+
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2. Beryl group




2. Beryl group

 Table 1. Review of beryl group minerals

 Mineral idealized formula typ locality described
Beryl Be;ALSi O neznama old
Bazzite Be;Sc,Si Oy Baveno, Alpy 1915
Stoppaniite Be;Fe3*,Si O Capranica, Rim 1998
Pezzottaite CsBe,LiAl,SiO4 Madagascar 2003
Indialite Al;Mg,SiAlO,4 Bihar, Indie 1954

Because indialite does not contain Be, it is not discussed futhermore.



2. Beryl group

All these beryl group minerals are very rare

Bazzit Be,Sc,Si O,
Ve srovnani s berylem jde o velmi vzacny mineral znamy jen z nékolika malo desitek lokalit na
celém svété. Bazzit ma vétSinou jasné modrou barvu, ponékud niZzsi tvrdost a vyssi hustotu, ale
jinak je velmi podobny berylu. Tmavé modré beryly jsou bez detailnéjSiho studia neodliSitelné.
Bazzit se vyskytuje vyhradné v pegmatitech vzacnych zemin, kde ¢asto krystaluje v dutinach.

Nejznaméjsi lokalitou je Baveno v Itilii, vyskytuje se také v Konigshainu u Gorlitz, Némecko
pobliz naSich hranic.

Stoppanit Be,Fe**,Si O,
Dosud je znam pouze z jediné lokality v alkalickych vulkanickych horninach v oblasti Latium

pobliz Rima, jde tedy o extrémné vziacny mineral. Jeho vznik vyZaduje vysoce oxidaéni
prostiedi a vysokou aktivitu Be a Fe vedle nizké aktivity Al.

Pezzottait CsBeZLiAIZSiﬁO18

Zcela nové popsany mineral ze skupiny berylu nazvany podle mineraloga Prirodovédného
muzea v Milané Federica Pezzotty, ktery tento mineral objevil. Vyskytuje se na nékolika
lokalitach komplexnich pegmatiti na Madagaskaru, kde tvori riZové tabulkovité krystaly az
nékolik cm velké v dutinich pegmatiti, kde byva doprovazen albitem. UZ se stal velmi
atraktivnim mineralem pro sbératele.



3. Beryl

Beryl Be;AlSiOq4

Beryl, Marsikov

Beryl, Otov



3. Beryl

Pisek



3. Beryl

Beryl Be;AlLSi O

CH-site vacancy, Na, Cs, H,O (He, Ar), CO, and Fe, and H,O in 2 (3?)
distinct positions.

I H,0

II H,0

ZASOBNY WALKALIA, ZASOBNY WALKALIA,  ZASOBNY W CO,.
NIEALKALICZNY X
SODOWY Na-Cs-K-Rb  H,0 NIEZWIAZANA JONY Fe



3. Beryl

Propreties

Greenish, yellowish, t =7, h = 2,65 , simoilar to quartz
in thin section but commonly altered

Varieties:

emerald-— green (Cr,V)

aqvamarine - bluish

heliodor — yellow

morganite — pink (Cs)

Miscibility between beryl and cordierite Al,

(Mg,Fe),AlSisO,4 — up to 1,94 wt.% BeO, in cordierite
Beryl may contain up to 7 % FeO, . 4 % MgO.

2 substitutions to enter Be into cordierite

CHNaTBe “H[] OTAIl, a BeSiAl,.



3. Beryl

Metamorphic beryl

Beryl (dark) in fine-grained
chlorite and muscovite

50,y ESE 15.k



3. Beryl

Zoned beryl from Skal u
Rymarova

200y BSE 16KV

5l m BSE 15KV



3. Beryl

Beryl and products of its breakdown beryl II and bazzite
from Kozichovice (Novak and |Filip in print)
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3. Beryl

Ca Mg, Fe,,, Mn

0.0

m beryl |
o berylll
A bazzite
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3. Beryl

Ca Mg, Fe,,, Mn

0.0 0.0

1.0

A bazzite - Kozichovice |l
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Composition of bazzitu



3. Beryl

Occurrences of beryl

Beryl is the most abundant mineral of Be the
main source of Be is bertrandite in tuffs.

Beryl occurs in  different geological
environments

1. graniticke pegmatity -
2. greisens and associated high-T hydrothermal
quartz veins

3. metamorphic rocks commonly with high
contents of Fe, Cr, Mg, Sc.



4. Minerals of Be - a

Oxidy

Chryzoberyl BeAl,O, rombicky
Fosfaty

Beryllonit NaBe(PO,) rombicky
Hurlbutit CaBe,(PO4), monoklinicky
Herderit CaBe PO, (F,OH) monoklinicky
Boraty

Hambergit Be, [BO;] (OH,F) rombicky
Silikaty

Fenakit Be, SiO, trigonalni
Euklas BeAl SiO, (OH) rombicky
Bertrandit Be,[Si,0,] (OH), rombicky
Bavenit Ca, [Be,AlLSiy0,,] (OH)  rombicky

Bityit CaLiAlL,AlBeSi,0,, (OH), monoklinicky



4. Minerals of Be-b

Silicates

Milarite A2B2C[T(2)3T(1)12030] H20
A=K, Na, Y, REE, Ca

B =Ca, Y, Na, vakance

T(2) = Be, Al

T(1)=Si

Gadolinite group X2Y [Be2Si2010]
X=Y,Ce, Yb, Ca

Y = Fe3+, Y, vakance

O=0H

Helvite group A4[Be3Si3012] S
A = Mn (helvin), Fe (danalit), Zn (genthelvin)

hexagonalni

monoklinicky

kubicky



4. Minerals of Be - ¢

e Silicates from alkaline rocks

Epididymite Na2[Be2Si6015] .

H20  rombicky

Ckalovite Na2BeSi206
rombicky

Melifane CaNaBeSi1206F

tetragonalni



4. Minerals of Be

Geological environment with Be-minerals

1. Magmatic

1.1. granitic pegmatites and granites LCT (beryl, chryzoberyl, boraty,
fosfaty) and NYF (beryl, fenakit, gadolinit, bazzit)

1.2. alkaline pegmatites (Ckalovit, melifan, epididymit)

1.3. volcanic rocks (beryl, stoppannit)

1.4. ryolite tuffs (bertrandit)

2. Hydrothermal and metasomatic

2.1. greisens (beryl, euklas)

2.2. skarns (helvin, danalit)

3. Metamorphic

3.1. mica schists, gneisses, metabazites (beryl, fenakit, chryzoberyl)
3.2. Alpine paragenezis (milarit, euklas)

4. Late hydrothermal products (sekundary) alteration of primary
minerals (bertrandit, bavenit, milarit).



5. Alteration of Be-minerals

acidic fluids alkaline fluids
BERYL
pH~21to 3 QUARTZ / EPIDIDYMITE pH~101to 11
EUDIDYMITE
BERTRANDITE BAVENITE
EUCLASE MILARITE
pH~4to 5 PHENAKITE BITYITE
(£ quartz, kaolinite) (£ micas, feldspars, pH~8to 9
zeolites, quartz,
montmorillonite)
A\ 4
pH~to7 BERTRANDITE
BAVENITE

(+ feldspars, micas, quartz)

Figure 5. The most common silicate products of alteration of beryl in granitic pegmatites,
generated by acidic (left side) and alkaline (right side) solutions. Modified after Cerny (1970).



5. Alteration of Be-minerals

System BASH (beryl, chryzoberyl, fenakit, euklas, bertrandit)

10 : : . :
P (water) = P (total) &

s

arrows indicale shifll
with increasing =tabilily
of beryl or bertrandaiie

e

400

600 700 (o0

Figure 10. Prcssurc—lcmpcr;ilurc pl'njt't'lmn ol phase n*l;nlnm-,lnpz i the He() AL, 5100, 1.6
(BASH) SyStC]’T'I. I{C(II'EIWI'I from Barton ( I‘)X(l) | ll]lll]ll}’ reactions Tor bertiandliie diied i:i'_ii._l Licithi ¢ 5884
depcnd on ."&U“(I SUIII“UII l.'“.k'l".'\" "‘ for O mn l‘l’lililllillll'_ ;ﬂ!li ”ullllllli' COripeneEnis i heivl {(inaet)



5. Alteration of Be-minerals

Kozichovice

Beryl, secondary beryl 11,
bavenite, bazzite

. BSE 15.%

Zoned beryl, bertrandite,
bavenite




5. Alteration of Be-minerals

Pseudomorphs of herderite after po
beryllonite,z Rozna, Borovina

Figure 2. Assemblage I - relics of dark beryllonite
are replaced by darker grey hurlbutite and lighter
grey hydroxylherderite. Bright white spots are
inclusions of unknown phosphates of Ba and Sr.
Scale bar length is 0.1 mm.




5. Alteration of Be-minerals

Flgul’e 3. Assemblage II — aggregates of
bertrandite (dark) + quartz (grey) + apatite (white) as
a replacement product after hydroxylherderite (grey,
very similar to quartz). Scale bar length is 0.5 mm.

Sekvence of replacement:

beryllonite = hurlbutite = hydroxylherderite = bertrandite + fluorapatite



6. Conclusions

* Minerals of Be are due to specific behavior
of Be very good indicator of their origin in
wide PTX-conditions including pH, and
activity of some elements (Na, Ca, P).



