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Specimen from N.Gilly38*25*14 mm 
Ali Abad, HunzaValley, HunzaDistrict, Gilgit-Baltistan, Pakistan





https://gem-matrix.com/collection/single/tproduct/202544733-502365255783-jay-spinel-870-cts

8.70 ct, collGEMATRIX
Photography : Alexey Jurys Yakhlakov

άWŀȅέ {Ǌƛ-Lankan spinel

https://gem-matrix.com/collection/single/tproduct/202544733-502365255783-jay-spinel-870-cts


https://gem-matrix.com/collection/single?s_recid=202544733&s_charact%3A351638=Greyish-Blue#spinel









Luc Yen spinels

private collection of Min Tran
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Spinel : a simple formula

ÅMgAl2O4



Spinel : a simple formula ?

ÅA2+B3+
2X4

ÅFe2+ Al3+
2O4 Hercynite

ÅFe2+ Fe3+
2O4 Magnetite

ÅZn2+Al3+
2O4 Gahnite

ÅFe2+Cr3+
2O4 Chromite

ÅMg2+Cr3+
2O4 

Magnesiochromite



Spinel : a not so simple formula

ÅA2+B3+
2X4 

Å(Mg,Fe,Zn,Co,Mn,Ni) 2+ (Al,Fe,Cr,V) 3+
2 O4



ÅA2+B3+
2X4 

Å(Mg,Fe,Zn,Co,Mn,Ni) 2+ (Al,Fe,Cr,V) 3+
2 O4

Muhlmeisteret al, Gems and gemology2013,81-98

Spinel : colors of the rainbow



A2+

B3+

Tetrahedral site (T) for divalent cations

Octahedral site (M) for trivalent cations

Structural mineralogy



A2+

B3+

Tetrahedral site (T) for divalent cations

Octahedral site (M) for trivalent cations

Laws are meant to be brocken

(Al,Fe,Cr,V) 3+

(Mg,Fe,Zn,Co,Mn,Ni) 2+ 

Andreozziet al, Phys Chem Minerals46,343ς360 (2019). 
https://doi.org/10.1007/s00269-018-1007-5
Le ThiThu Huong, Vietnam Journal of Earth Sciences, 40(1), 
47-55, Doi:10.15625/0866-7187/40/1/10915 

https://doi.org/10.1007/s00269-018-1007-5


A world of possible substitutions
ÅThecolor of sampleswith a pink (incl. lilacandpaleviolet),blue andgreenhue is

essentiallyinfluencedby the Fecontent,andspecificallyby Fe2+/Fe3+ ratios,even
if a clearattribution isnot straightforward.

Å670275 T(Mg0.838Al0.083Fe2+
0.056Fe3+

0.006Zn0.006Mn0.004ύң0.993M(Al1.870Mg0.104Fe2+
0.002Ti0.001ύң1.995O4

Å881728 T(Zn0.839Fe2+
0.080Mg0.056Al0.024Mn0.001ύң1.000M(Al1.914Fe3+

0.026Fe2+
0.024V

3+
0.001ύң1.999O4

Andreozziet al, Phys Chem Minerals46,343ς360 (2019). https://doi.org/10.1007/s00269-018-1007-5



Electronic intervalence charge-transfer

Ligan to metal charge-transfer

peak values in the visible range

Signal decomposition

Andreozziet al, Phys Chem 
Minerals46,343ς360 (2019). 
https://doi.org/10.1007/s00269-018-1007-5



Blue light increased absorption due to the 14,500cm-1 band related to MFe2+- MFe3+ InterValenceCharge Transfert(Non-linear)

Spinel-Hercynite solid solution

MFe MFe MFe



6 shades of blue spinel, illustrated

5ΩLǇǇƻƭƛǘƻ, V., Andreozzi, G.B., Hålenius, U. et al. Colormechanisms in spinel: cobalt and iron interplay for the blue color. 
Phys Chem Minerals 42, 431ς439 (2015). https://doi.org/10.1007/s00269-015-0734-0



Gahnite, Kagoro, Kaduna state, Nigeria

ÅT(Zn0.94Fe2+
0.03Al0.03)

M(Al1.96 Fe2+
0.03Fe3+

0.01) O4

ÅVery small amounts of Mg and Mn2+ (<0.005 a.p.f.u.) occur at T sites.

https://joehenleyrough.com/collections/spinel-crystals/products/blue-spinel-crystal



V. D'Ippolito; et al Mineralogical Magazine (2013) 77 (7): 2941ς2953.
https://doi.org/10.1180/minmag.2013.077.7.05



To put it simply, a spinel is a mixture of

5ΩLtth[L¢h Ŝǘ ŀƭΣ aƛƴŜǊŀƭƻƎƛŎŀƭ aŀƎŀȊƛƴŜΣ hŎǘƻōŜǊ нлмоΣ
Vol. 77(7), pp. 2941ς2953

Tetrahedral[T]

(Mg2+Fe2+Zn2+Mn2+Co2+Ni2+Al3+ )ңм

Octahedral[M]

(Al3+ Fe3+Fe2+ V3+Cr3+Ti3+Mg2+ Co2+ Fe2+ )ңн O4
Fe3+Fe2+

Fe3+Fe2+



Ultimate definition of cobalt spinel : a sterile debate ?



So, Cobalt or not Cobalt ?

²ǊƻƴƎ Σ ōŜŎŀǳǎŜ ƛǊƻƴ ŘƻŜǎƴΩǘ ƘŀǾŜ ŀ ƭƛƴŜŀǊ behaviour!

ςυπὴὴάὊὩ

ςυὴὴάὅέ

ςυππὴὴάὊὩ

ςυπὴὴάὅέ

ρππππὴὴάὊὩ

ρπππὴὴάὅέ

IF((Fe/Co) Ḻ 10), Cobalt _spinel == TRUE)

ͼὕὲὩὧὥὲὲέὸάὭὼὴέὸὥὸέὩίὥὲὨὧὥὶέὸίὦόὸὪέὶίέόὴͼ

This is the question !



A consistent approach to quantify color

ÅThe CIE colorimetric coordinates, 
lightness

ÅL* (blackςwhite),

Åa* (greenςred)

Åb* (blueςyellow)

Are measured using a Konica-
Minolta Chroma Meter CR-400

Karmaouiet al. (2013).Synthesis of cobalt aluminate nanopigmentsby a non-aqueous solς
gel route. Nanoscale, 5(10), 4277.doi:10.1039/c3nr34229h



250ct parcel
3 years to assemble while living in situ
Photo and collection GeirAtle Gussiås



Mineral nomenclature

ÅMg2+ Al3+
2O4 Spinel (stricto sensu)

Å(Mg2+,Co2+)Al3+
2O4 Cobalt-bearing spinel

ÅCo2+Al3+
2O4 Cobaltospinel

(Cobalt aluminate)

Å±ƛǾƛŘ ƴŜƻƴ ŜƭŜŎǘǊƛŎ ŎƻǾŜǘŜŘ άŎƻōŀƭǘέ ōƭǳŜ

Bosiet al, American Mineralogist, Volume 97, pages 1834ς1840, 2012
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Rajabi, et al, J Aust Ceram Soc55,219ς227 (2019)



ÅColors in sapphires are not defined by 
the amount of Fe or Ti, nor a given 
ratio of (Cr+V)/Fe for rubies.

ÅNo substitute for direct experience

Å ӑ;G:9DL KHAF=DӒ AK 9:GML L@= ?DGOAF?
saturated neon blue perceived in 
person. The hype exist because of its 
incredible vividness, not because of 
an arbitrary ratio.

Overcoming nomenclature



Blue spinelsshould lack non-blue chromophores

5ΩLtth[L¢h Ŝǘ ŀƭΣ aƛƴŜǊŀƭƻƎƛŎŀƭ aŀƎŀȊƛƴŜΣ hŎǘƻōŜǊ нлмоΣ
Vol. 77(7), pp. 2941ς2953

Tetrahedral[T]

(Mg2+Fe2+Zn2+
Mn2+Co2+

Ni2+Al3+ )ңм

Octahedral[M]

(Al3+ 
Fe3+Fe2+ V3+Cr3+Ti3+Mg2+ 

Co2+ Fe2+)ңн O4
Fe3+Fe2+

Fe3+Fe2
+



Ore genesis triptic

ÅSource
ÅWhere do these element come from ?

ÅHow is aluminiumhosted in carbonates ?

ÅTransport
ÅReconcentration of elements via a fluid

Deposition
ÅThermodynamic equilibrium

Pink octahedral spinel, Mogok, Ex Colland photo N.HEBERT



Chauvireet al, Gems and Gemology
2015 DOI: 10.5741/GEMS.51.1.2

Fe/Co      867 562 1053 670 24 Pyrrhotite ?

ITõS A TRAP !



What makes a deposit ?

Comparison of occurences

ÅAn Phu/Luc Yen - Vietnam

ÅBaffin Island - Canada





Chauvireet al, Gems and Gemology · 2015
DOI: 10.5741/GEMS.51.1.2



This Sri-lankanblue spinel is home to a tiny, well-formed forsterite crystal  identified with micro Raman.
tƘƻǘƻƎǊŀǇƘŜǊΥ 9Φ .ƛƭƭƛŜ IǳƎƘŜǎ   ω   LƳŀƎŜ bǳƳōŜǊΥ !-003-6581-м ω  CƛŜƭŘ ƻŦ ±ƛŜǿ Ґ о ƳƳ   ω  5ŀǘŜ tƻǎǘŜŘΥ мр Wǳƭȅ нлнл
Gübelin, E.J. and Koivula, J.I. (2005) Photoatlasof Inclusions in Gemstones, Volume 2. Basel, Switzerland, OpinioPublishers, 830 pp.; RWHL*.



Small diopside crystal (confirmed with micro Raman) in this blue spinel from Madagascar.
tƘƻǘƻƎǊŀǇƘŜǊΥ 9Φ .ƛƭƭƛŜ IǳƎƘŜǎ   ω   LƳŀƎŜ bǳƳōŜǊΥ !-003-6579-м ω  CƛŜƭŘ ƻŦ ±ƛŜǿ Ґ н ƳƳ   ω  5ŀǘŜ tƻǎǘŜŘΥ мр Wǳƭȅ нлнл
Gübelin, E.J. and Koivula, J.I. (2005) Photoatlasof Inclusions in Gemstones, Volume 2. Basel, Switzerland, OpinioPublishers, 830 pp.; RWHL*.



Blue spinel, sapphirine, anorthite, scapolite,
Ambarano, Beraketa, Madagascar Coll N.HEBERT

RAITH J. metamorphic Geol., 2008, 26, 647ς667 
doi:10.1111/j.1525-1314.2008.00779.x



Petrological assemblage in BAFFIN ISLAND, NUNAVUT, CANADA

Cobalt-blue spinel outcrop at 
the Qila occurrence:
[3E-1] Calc-silicate pod;
[3E-2] Pargasite-calcite rock; 
[3E-3] Marble.

Next slide : 
Vivid blue spinel with white 
carbonate in calc-silicate rock 
composed of green pargasite 
with subordinate greyish 
scapolite.

Qila occurrence, Kimmirut area.

M.Belleyet al, The Canadian Mineralogist Vol. 57, pp. 147-200 (2019) DOI:10.3749/canmin.1800060



M.Belleyet al, The Canadian Mineralogist Vol. 57, pp. 147-200 (2019) DOI:10.3749/canmin.1800060



Petrological assemblage

ÅSilicate-rich spinel-bearing rock

ÅPredominant spinel-bearing unit at the 
Trailside occurrence, Kimmirut area.

ÅComposed of:
Åfine-grained muscovite (Ms) 

pseudomorphs after an unknown mineral

Åcoarse-grained phlogopite (Phl),

Åcalcite (Cal),

Åspinel (Spl)

M.Belleyet al, The Canadian Mineralogist Vol. 57, pp. 147-200 (2019) DOI:10.3749/canmin.1800060



Mineralogy of micas : role of K in
ÅF-rich aspidolite(Na phlogopite) known in Luc Yen

ÅPhlogopite(YaƎї!ƭ{ƛїhѕєόCΣ hIύіύ ϧ ƳǳǎŎƻǾƛǘŜ ƪƴƻǿƴ ƛƴ Mogok& Luc Yen

Purple spinel with mica, Cong Troi, An Phu, Luc Yen, 
CollN.HEBERT

Blue spinel and phlogopite, KheKhi, An Phu, Luc Yen,
CollN.HEBERT



Deciphering fluid inclusions

ÅThe metamorphic fluid system was rich in:
ÅCO2 released from 

devolatilisationof carbonates
Åfluorine, chlorine and boron

released by molten salts
(NaCl, KCl, CaSO4)

ÅEvaporitesare key to explaining the 
formation of these deposits.

Specimen and picture : IԝŀToàn



Deciphering fluid inclusions

ÅUnusual chemistry 
ƻŦ /hі ςIі{ ςCOS 
ς{ќ ςAlO(OH) 
bearing fluids

Fine dislocation needles, as shown here, are a typical inclusion in Vietnamese spinel.
Gübelin, E.J. and Koivula, J.I. (2005) Photoatlasof Inclusions in Gemstones, Volume 2. Basel, Switzerland, OpinioPublishers, 830 pp.; RWHL*.



M.Belleyet al, The Canadian Mineralogist Vol. 57, pp. 147-200 (2019) DOI:10.3749/canmin.1800060



Origin of the protolith

M.Belleyet al, The Canadian Mineralogist Vol. 57, pp. 147-200 (2019) DOI:10.3749/canmin.1800060



Age of Marble-hosted spinel deposits 

ÅMiocene at Hunza
(10.8± 0.3 to 5.4 ± 0.3 Ma)

ÅMiocene at Mogok
(18.7 ± 0.2 to 17.1 ± 0.2 Ma)

ÅEocene at Luc Yen
(38.1 ±0.5 Ma age zircon in ruby)

ÅPaleoproterozoic at Baffin Island
(1820-1850Ma )

Mineralizationoccurringwhile

ductiledeformationwasactivein

peakmetamorphicconditions

in the RedRivershearzone

V. Garnieret al. Ore Geology Reviews 34 (2008) 169ς191



Occurences

Chauvireet al, Gems and gemology, 2015

ÅStructural control



Van Long et al, Gems and gemology, 2013 (w), pp 233-245



ÅTemperatures are between 630 and 745 °C for the 
respective mines of Minh Tien (630 ° C), Bai Da Lan (675 
ς700 ° C), An Phu(690 ° C), and Nuoc Ngap(745 ° C).

Melted fingerprints showing heat altered octahedra give evidence of heat treatment in this cobalt diffused spinel.
bŀǘǳǊŀƭ {ǇƛƴŜƭ   ω   bƻ hǊƛƎƛƴ   ω   9ƴƘŀƴŎŜƳŜƴǘǎΥ IŜŀǘ Ҍ 5ƛŦŦǳǎƛƻƴ ƻŦ ŜȄǘŜǊƴŀƭ ŎƻƭƻǊƛƴƎ ŀƎŜƴǘǎ όI-D); Heat + Fissure Healing (H-CIύ   ω   tƘƻǘƻΥ 9Φ .ƛƭƭƛŜ IǳƎƘŜǎ  
ω  Saeseaw, S., Wang, W. et al. (2009) Distinguishing Heated Spinelsfrom Unheated Natural Spinelsand from Synthetic Spinels. GIA, 13 pp.; RWHL.



Geochemical control sum-up

ÅThermal reduction of evaporiteby organic matter

ÅHigh temperature-medium pressure metamorphism 
of platform carbonates



Preservation of the spinel

Strong redissolution

Sometimes followed by recrystalisation

Result in oriented growth

Influence of nucleation

Blue spinel, KheKhi, Luc Yen, Coll and photo N.HEBERT


