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Emerald: Queen of the beryl family

. .
x = Be3 Al2 Sig 018 (Cr-V-Fe-Mg) /

or
3 BeO + Al203 + 6 SiO2

: ; v

14% 19% 67%

c ¢ P (Extra-Lapis, 2002)
Channels forming SizO,4 rings connected by

Vi "
’It?\)/\é%octahedrons AlV' and three tetrahedrons Cyclosmcates Group
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The corundum family

Aluminium oxide (AI O5;)

ll\
Fe2* -O- Ti**

Intervalence charge transfert

Fe, Ti, Mg), Fe -O- Ti

Ruby is the specific red variety of corundum
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Summary of available data on P-T conditions for emerald and coru?Jum

gem deposits 5 » /
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P-T conditions of stability for mineral associations from ruby-bearing marbj!s ,
V4

Jegdalek and Luc Yen Hunza
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Be- mineral stabilities as a function of silica and alumina actiflties/
/ o ’
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Fluid inclusions, stable isotopes and noble gases

Fluid inclusions study using microthermometry, Raman micro-specttometry,
Scanning Electron Microprobe, Infra-red spectrometry, crushing andianalysis
of cations and anions, ICP-MS laser ablation,

Stable isotopes suchas O, H, C, S, B

Noble gases such as He, Ne, Xe, Ar

"
— b
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/

The use of stable isotopes on the example of oxygen 7 /

Emerald : ~ 45 wt% ; Ruby and sapphire : ~ 45 wt% ;
Tsavorite : ~ 42 wt% ; Tanzanite : ~ 46% wt%

'0 3 isotopes of oxygen: °O, 7O and'®O
‘0 180/160 = 2.0052x10-3
more os less 498,7 atoms of '°0) J/ -
2l

@& (for 1 atom of 180, there are
The 80/'®0 ratio varies in relation with the geological con:f" i,

- source of oxygen d

- temperature of crystallisation b o :

- fluid-rock interaction S T \{
The variations of the '°O/'°O ratio are in per mil following the notation

3180 (%o, SMOW) with: A . ]\
1k
5180 = (180/160,, . /%0110, .. 4~ 1) x 1000
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Natural oxygen isotopic ranges for geological materialf

/
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8180 vein (%o)

880 host-rock (%o)
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Mogok ruby B

Age correlation of gems and tectono-magmatic e
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Gemology work—-—- Thrust and shear zone

Ages of corundum deposits

/

The East African and Kuunga orogenesis (750-500,Ma) /

'
{ ; ] Y
The Neoproterozoic metamorphic mozambique corundum belt ( |
I 1
Arabian NS AN S :.
";,“,bl"‘j’" A B 5 300 km ANS : bouclier arabo-nubien
shie 1 \, Y M : Madagascar
Addis ™y N, RP : craton de Rio de Plata
Ababa \ INDIA SF : craton de Sao Francisco
NS S SL: Sri Lanka
” \ \
o,
\~\\to"
TN =.'
o Nairobi "=~ Bouclier"‘\.‘
+ indien +
AFRICA Land b :
Tanzanian % 8
craton Y, 2 O
" 4
‘% % ?
P % Bouclier de
% I'Antarctique de I'Est
R » ANTARCTICA

[:] Early Neoproterozoic rocks and/or region affected by the 750-500 Ma
high grade metamorphism

%  Primary corundum deposit

m= == Neoproterozoic suture zone

=wwwns Limit of Early Neoproterozoic rocks and/or region affected by the 750-500 Ma
high grade deformation and metamorphism

Garnier et al. (2004)
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Ages of corundum deposits y

The Himalayan orogeny (45-5 Ma)
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Ages of corundum deposits

The intraplate alkali basalts (65-1 Ma)

P e

e
> p
/i N
*
*
: lb
ndian Plate

Pacific Plate

Thailand

o o o

120° 140 160

100 80°

@ Concentrated fields of Cenozoic jntraplate volcanics C) Central-East Asia basaltic province
/ Strike-slip fault // Normal fault / Thrust fault {:} Earth's crust >50 km
* Metamorphic-metasomatic sapphire & ruby IX Magmatic-polygenetic sapphire & ruby

Cambodia

Vietham

China

®

The Asian basaltic corundum province




(extraLapis, 2002)

Continental collision domains (orogenesis):
o Eburnean -Transamazonian
a Pan-African-Brasiliano
a Hercynian
& Yenshan
a Himalayan
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Emerald deposits

THE SPIRAL TIME OF EMERALD DEPOSITS
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and.... Colombian emeralds in the Eastern Cordillera ?/ |

Two ages of formation (Eocene and lower Oligocene) and no magmatic activity:: /
The consequence of the acceleration of the convergence rate between the Nazca a
South American plates. b J

74° W 72°W

6° N —

|:] Tertiary
|:| Upper Cretaceous

4° N BN 1.ower Cretaceous
/41; [ Triassic-Jurassic g ot %o _
Creilletz etal. (1994; 1997) (s /‘no/rmal faults 1 l]flausteol::llt and Muzo Giant‘.1759 G.téCSb:\v);(zf(Szg(r)lei .
&
Deformation and structuring of the Eastern Cordillera basin: o
e o s Formation of the emerald deposits hosted in black shales. r
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Corundum in Sr| Lanka

F

Genesis of the main economic types of corund[:m i_
and emerald deposits ;

1 \

l\‘
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F 4

Main economic types of primary corundum and emerald dep\g%itsﬁ.«

i /
4 \F f{)
; \‘;\ aﬁ‘l’y
Emerald in black shale * | I\' ?"' i‘h
\ |
Deposits hosted in marine sediments from >17 ._5_ f\
carbonated platform % A \l / | -
]
¢ !
/ | 1
ll- MAGMATIC DEPOSITS | ! ‘. /
Emerald in biotite schi t;and ' { |
Type II-A \%ﬁ plagioclasite - 7 ] |

! 8
s -

|
Deposits hosted in mafics-ultramafics and ﬂl]:> Emerald in quartz, grei Ln-iik V%"Sl
related to granitoidic intrusions and /f% pegmatite, aplite Velnﬁr- J ’

hydrothermalism Corundum in plagiocI%sit'é v% \ (

: !

Type II-B & Xenocrysts of corundum
Deposits hosted in alkali basalts and mafic )}} ' A
dykes % Xenoliths of syenite with megacrysts

of corundum .
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Colombian fluid inclusion

e .‘4

. e
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Deposits hosted in marine sediments fro

carbonated platform § yerm
r,.
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Fluids of evaporitic origin in ruby and emerald

Brines, carbonic and sulfurous fluids, and molten salts

Emerald deposits (Colombia, Afghanistan, China)
Ruby deposits in marble (central and south-east Asia)

Origin of
brines ?

— 2 ‘
.
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Metamorphic gems
c Sedimentary basins /s
= == == Black shales - carbonates - evaporites
= M} fo\
0 = |
_'_'_Q__Q____Q___g
I - 4
—‘-_-—-ﬁ_-_—_g
))
o)
cC . R — —]
m )
2 | e
| -
[
s
3
(T
=
— (Branquet, 1999)

Age Em. ~ 65-35 Ma

Andes
T =300-330°C
depth = 7-9 km
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GIRY

H,0O-NaCl-CO,-(Ca-K-Mg-Fe-Li-SO,) %
Salinity ~ 35-40 wt % eq. NaCl - | | Basement
« OPEN SYSTEM » é | sea waer fluids
E£” . -
8 _ Hansonburg e Salton Sea L4
Colombian emerald & s :‘-' " o
P e |
SO4 3 400 7 500 ppm §) | .. - B Emerald
Pb ~ 30 - 380 ppm - m Quartz
Zn ~ 200 - 300 ppm . ﬁj&
Ba ~ 200 - 600 ppm o 6 5 4 3]
Li ~ 400 — 4300 ppm Log (I/CI) (moles) <

Gemology workshop- Geneva
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Colombian emerald O- and S- isotopes /
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Colombia Colombi

-20 1 : (Eastern Zone) olompia
g Austria = Sﬁ (Western|Zone
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i ussia
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5'°0 H,0 (calculated) (%o, SMOW)

Beryl-water oxygen fractionation equation (Taylor et al. (1992):
103 In aberyl-water (250_500 oc) = 1.579(106/7-2) = 0-645(103l7-) = 2.522
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Role of the fluids in the genesis of emerald _/ ;

Thermal reduction of sulphates
aT~300°C

Ra (CH,0), + SO, (evaporitic origin) e - v Byriti il
> o ,
Rb (bitumen) + 2HCO,™ + H,S 7 | Lo

(Fe2+)

HCO; + Ca?* ©> CaCO;, (calcite) + H*
and
7H,S + 4Fe?* + SO, 4 FeS, (pyrite) + 4H,0 + 6H*

THERMOREDUCTION
of SO,

H-C-O
« OPEN SYSTEM » T

Dlssolén
Mg '
: carbonate == HYDROTHERMAL
Colombian emerald lenses FLUID

H,O

Giuliani et al. (2000)
Gemology workshop- Geneva



The model of formation of
the Colombian emerald deposits

saumures | ccorbgrbate 4 réseau |
hydrothermales (Ca ¢ de veines 1.

sens de S ‘ 4 .
circulation >

/

calcaires

faille horizontale

température de réccfion=300°_C i\

Lheilletz and Giuliani (1997) a2 AL "
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PRE-HIMALAYAN COVER
Nangimali Formation

Precambrian to Cambrian

10m

Ay
R e
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e e e o o e e e
A o s
o
AT A A Mﬁ% =

A
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A %W.f\f\/\f
7 a e
AT AP
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o

BASEMENT

Bhurjanwali Formation

PV\A’\M’-\"-\/\/'W/
R A A A A A
SAAAAAAAR055

) Ruby mineralisation

Ruby-bearing marble

in yellow marble with
carbonatisation zones

calc-schist and garet mica-schist

pyrite-bearing marble

UPPER MEMBER

amphibolite

micaceous marble

quartzite LOWER MEMBER

Granulitic basement

gneisses, amphibeolite,
marble, mica-schist

(Garnier, 2003)

Al

~1000 ppm

Age rubis ~ 38-5 Ma

Gemology workshop- Geneva

R IIMEIEVED

T=620-670°C
depth = 21-22 km

Metamorphic gems

Sedlmentary basms
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Characterization of the quids,_,’f A/

A 71

Constituents of the fluids »
60000 inclusion QCRA16a %“'/ H>S
4
Quy Chau cO, !
50000 - | J v
] 1386 [
COZ'st'COS'SS'AIO(OH) %‘ 40000 v J J;
[ ]
« CLOSED SYSTEM » 2 o . | J
é 2 »/
E o000 Y o i
& Sy COS
10000 ‘ =
Ruby “’J v M /
in marble 0 | e e

0 500 1000 1500 2000 2500 3000

-1
Gemology workshop- Geneva Wavenumber (Cm )



Characterization of the quids,_/f A/

A 71

Constituents of the fluids

inclusion V2.1
Luc Yen
30000 ©
25000 | ST
CO,-H,S-COS-S4-AlO(OH) 20000 | Ruby crysta
« CLOSED SYSTEM » 15000
10000 |

Diaspore

Raman intensity

5000 W
2500 1

Ruby 0]
In marble 200 300 . S

Wavenumber (cm)

sulphur
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Evaporitic origin of the salts and sulphates

T =500°C

H,0

Giuliani et al. (2003)

Gemology workshop- Geneva Garnier et al. (2008)

CO,-H,S-COS-S,-AlO(OH) and $alts A

P =1 kbar

20 pum

Fluid inclusions:

|

ESSEAH F AT 88013 20KY X5.80K 6.8um
@0e85 26KY X1.50K 28.08un



Characterization of the fluids

o
dawsonite (NaAI(CO3) )o ’ o
o 3

shortite (Na-Ca-CO;) [+ + -

| barite & sulfates (980 ¢m™)
_ nitrates (1045, 1049, 1058/cm™),

L

and complex carbon
(REE-carbonate ?) -

’ G
and boehmite, graphite, rutile, fluorite,

calcite, dolomite, apatite....* ==
Molten salts and CO,-H,S-... and sometimes sa}t’l
(Na-Ca-K-SO,-CO,) -
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Characterization of the fluids

Cations and anions
in the Flinc: Crushing ;.\

f

!

Mines Minéral | Na K Li F Cl Br NOs; SO,

Khoan spinelle | 238 161 58 192 876 4.3 494 763
Thong

Khoan rubis 99 70 0.7 126 371 1.9 455 118
Thong

Luc Yen rubis | 251 137 25 30 784 3.3 379 1778

An Phu rubis 1132 40 09 nd 779 3.3 663 229

BaiDalan rubis |223 193 11 nd 651 3.3 309 106

Quy Chau spinelle | 375 160 1.8 nd 1576 11.2 396 553
(Doi San)

(en ppb)

Gemology workshop- Geneva
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Characterization of the fluids

Cations and anions® / [}
in the Flinc: Crushing |\

[ 4 |

/3]
(41 |
1 3 1
'BY,
.. Presence of /5 ,/f
Na*, Cl et SO 11—l minerals of | |
evaporitic origin: | 7
salts and sulphates | /4
/) 4\
I \
) Evaporitic lakes of p o» |
NO, I — continental '=,
origin ? ,\
1)




Ruby in marble

16.5 < 8'80g, < 23.2%0
1.6 < 0%Spnny < 4.8%0

23.3 <3%S,,, < 27.4%o
-10,5 < 8""Bq,,, < -0,4 %o

O- S- and B- isotopes

Switzerland  Campolungo +—o

Macedonia ¢ Prilep
o—+¢ Alabashka

Russia * ¢ Lipovka
Tadjikistan o Turakuloma
Pakistan ¢ Batakundi
* Hunza—e0o0——000¢—9¢— o
—o—¢ Chumar
Nepal ¢ Ruyil
Azad Kashmir < ¢ Nangimali

Afghanistan ¢+ Jegdalek——+

Mong Hsu ¢¢—e¢»
Myanmar Mogok o> -

. An Phu oo
Vietnam Bai Da Lan

*

16

17

18

19

3180 corundum (%o, SMOW)

20

21

22

23




Role of the fluids in the genesis of ruby 7/

/
: Association j /
Thermal reduction of sulphates LRIV oM RS A
4T ~ 600-650°C R ok i |

s

2CaS0, (anhydrite) + 3C (graphite) > 28" (fluid) + 2CaCO, (calcite) + CO ,éﬂl.\d)/ 1

CaSO, + C + H,0 2 H,S + CaCO; + CO, 4
m Déstabilisation des micas

| T T I T
2 l .
T N 2: met.
| | [l 4
[ l -: ;
Fe?* + H,S— 2H*+ FeS, N N
(pyrite) lc Fl = Y
ey 1: sed
« CLOSED SYSTEM » Al ~ 1000 ppm w;::::il(:w
pyrite apatite
matiére organique amphiboles

[ feldspath (plagioclase, orthose)
micas : margarite, muscovite,

) phlogopite
RUby In marble @ évaporites : anhydrite, halite, sylvite

. rubis/saphir rose (Garnier et al., 2008)
Gemology workshop- Geneva



e =

Zambian e’meréld in qUartz

3.2 7% B

:
|

Deposits hosted in mafic-ultramafics
and related to granitic intrusions and hydrothermalism
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Emerald and granitic intrusions

Desilicated
pegmatite

Gemology workshop- Geneva

20|
25—
30—
35—
Depth
(Km) _
B o [ 4 Granitoid f/‘\ Emerald deposit
S+ [ 3 ] Basement / Fault
Volcanosedimentary
series s 9
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Ultramaflc rock\'
(Cr V Mg)

EMERALD
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Carnaiba emerald deposit (Brazil): /
A metasomatic zoning 7 /
due to percolation and fluid-rock interaction 7/ /(
o o \
Vit

SERPENTINITE
(Cr, V)

CHLORITE 6 |PHLOGOPITITE |
SERPENTINE

DOLOMITE

Rudowski et al. (1987)

— g 0 Apatite
A E :
MPHIBOLE _ ;
PHLOGOPITE 1 Tourmaline
APATITE O [chromite
EMERALD AN
QUARTZ
ALBITE




Carnaiba emerald deposit (Brazil)

=
Trecho Velho

—_—
__:+

1 ¢©

o

x

s [}

DE &
“ OVO . - N
- e
B00 = u-u W]
a0
2
B 0

61803merald =9.1%+0.3 %o (n=1 0
oD _'5415%0(n= 10) 3 :

emerald ~—

(GiuI;a‘n;, 1997)

n
Emerald in plagioclasite \‘
and biotite schist '
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Carnaiba emerald deposit (Brazil)

5.0

4.5 -

4.0 -

3.9

136 /130X e

3.0

Ut Ny

2.0

Noble gases: Xenon

Crust

CAP

CARNAIBA

I

Gemology workshop- Geneva
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9.5 B S 6.8 7 7.5

238 (Fission) —/136Xe
232Th (Fission) — 136Xe

129X e/130Xe The fluids in emeraldsfrom
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TSA DA GLISZA (Canada)
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Magmatic brines and gemstones: Nigerian emeralds
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SHe/*He in emerald from Nigeria
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H,O content (wt%) in the channels of emerald
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Origin of the mineralizing fluids /

oD H,O (channel) (%0, SMOW)
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3.2.3 Corundum in plagioclasite vein

Dequartzification and feldspathisation of the
pegmatites: the “plumasites”
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Xenocryst of sapphire in basalt (China)
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AUSTRALIA: an example of corundum deposits :
related to alkali basalts B Loy ST
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Sapphire and ruby- related basalt (Worldwide)
Genetic Model
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Sapphire-related basalt (\Worldwide)
Genetic Model
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Sapphire-related basalt (\Worldwide) /
Genetic Model e/

/|
g §
M i t hi L 10
agmatlc versus metamorpnic @
.. L2
L]
L J
® o
Y ) @ sapphire exploitation
Lava Plains e sapphire
o o ruby/fancy sapphires
QUEENSLAND
o
Anakie e
L]
L]
L ]
® N BRISBANE
L)
New England
NEW .
SOUTH oo
L ]
WALES & ’..
______ _ ) srzanrae s ELAIDE Obert:r;.. feYONEY
Goq}:' — ..'CA.ERRA
N, TN
I X4
100000
L 400 KM |
w ‘w.w-'
[22]
TASMANIA c‘)\‘ 1000 B
©
)
. . ™ e
Metamorphic sapphires o}
(Rakotosamizanany et al., 2009) Y ‘_
0.01 T T
1.00 10.00 100.00 1000.00
Fe,05/Tio,
h" "Metamorphic sapphires"
Sapp Ire W:Wellington . . .
: N "Magmatic sapphires”
B:Barrington X
el e N ey Sutherland et al. (1998, 2003) e T M: Eastern Australia




‘nephelin

Betafite

Pyrochlore

sapphire e

. 5 &/
Sg———so0um WY <
. ks ! ! [ T T T T T T T T N~ 2
Ca | | ] e et
0 U+Th
22 50 75 100

Magmatic parageneSiS 24th January 2014

Metamorphic paragenesis




Ruby-related basalt (Worldwide)
Genetic Model p
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Oxygen isotopes
In corundum
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Metamorphic — metasomatic gneiss, skarn
sapphirine, spinel, almandine
Granulite facies
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Conclusions

Emerald is rare but corundum is frequent due to its setting and hardness (p‘lacers)
Geologically, two types of contrasted minerals: silica-rich environment and silica-poor ..
environment. s v

Two types of contrasted genesis excepted for some important types: ! « o |
1 [ ] [

Emerald and ruby related to metamorphosed platformal sediments have a‘common |
history regarding their chromophorous elements (Cr and V), but also their mothe;r [ /]

fluid originating from the dissolution or fusion of evaporites. Importance of stable
isotopes regarding their geological formation and origin.

Metasomatism and fluid/rock interacation is the main processus for the formafion of
emerald deposits in mafic-rocks and the corundum-pegmatite type related deposit.

Magmatic corundum related to alkali basalts are the most important in term of
production. But rubies and sapphires are xenocrysts of magmatic and metamorphic
origin carried up by the magma.
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