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

Blue Spinel 12.42 cts Jay Spinel 2.80 cts Jay Spinel 3.99 cts

$16 394 $2 800 $4 700

Jay Spinel 2.99 cts Jay Spinel 3.33 cts Jay Spinel 4.34 cts
$2 300 §2 160 $4 000

https://gem-matrix.com/collection/single?s_recid=202544733&s_charact%3A351638=GRivisHispinel
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Lavender Spinel Burma Lavender Spinel Burma  Grey Spinel 1090 cts / 2 Spinel 4.73 cts / 2 pcs
8.51 cts 6.93 cts pPCS $426.00
$7.412.00

Lavender Spinel 4.57 cts  Lavender Spinel 7.03 cts Violet Spinel 7.48 cts Lavender Spinel 11.78 cts
/ 2 pCs



Luc Yerspinels
private collection of Min Tra
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Cobalt Neon Blue

Spinel 0.23 ct
$1,.800.00

Cobalt Blue Spinel 0.29

ct
$590.00

11
kb

Cobalt Neon Blue
Spinel 0.26 ct
$1,800.00

Cobalt Neon Blue

Spinel 0.25 ct
$490.00

11
oS

Cobalt Neon Blue
Spinel 0.21 ct
$990.00

11
oS

Cobalt Neon Blue
Spinel 0.22 ct
$460.00

11
oS

Cobalt Neon Bl
Spinel 0.22 ct(g
$680.00

Atle GussiasBalderGem:

Photo and specim

11
oS

Cobalt Neon Blue
Spinel 0.06 ct
$460.00




Spinel : a simple formula

Click on an element to select or desslect.

T

50 &1 &2 &4

Nd Pm Sm Gd Tb Dy Ho FEr




Spinel : a simple formula ?
AAZB3X,

AFe AP*,0, Hercynite

AFe+Fe,0, Magnetite HEHEH . HE el

AZI”?+A|3 O Gahnite “hb | Se | ¥ | z¢ | b | Mo B Ru | Rh | Pd Ag cd In sn

AFe?+C|8 O Chromite o |1 W Ta W Re Os Ir Pt Au Hg T Pb

AM@2*CE+,0,

Magnesiochromite

Th Pa U

Sb Te

Bi Po

Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er




Spinel : a not so simple forr

’

b AA2+BS+2x4
n A(Mg,Fe,Zn,Co,Mn,)




AAZ +BS+2X4

A(Mg,FezZnCa'/1,Ni) 2*(AlFeCrt ) 3,0,

BOX A: FLUX SYNTHETIC SPINELS
OF OTHER COLORS

Besides the red and blue samples described in this arti-
cle, Russian laboratories have grown other colors of
flux synthetic spinel, apparently on an experimental
basis (W. Barshai, pers. comm., 1991). We studied
three brownish yellow octahedra or octahedral frag-
ments ranging from 0,29 to 3.76 ct, one 3.34-ct green-
ish blue crystal, one 0.80-ct purple elongated octahe-
dron, and one 1.43-ct pale pink crystal (figure A-1).
Their indices of refraction and specific-gravity values
were within the ranges measured for red and blue nat-
ural and flux synthetic spinels, as described in the arti-
cle text (except for the pink crystal, which had a low
S.G., 3.55). These other colors all showed slight ,
anomalous birefringence (“strain”); three exhibited Figure A-1. Russian laboratories have produced
»snake-like bands” under crossed polarizers. All but flux-grown synthetic spinels in a variety of colors
the inclusion-free purple and pale pink stones dis- other than red and blue. These sqznplcs. reported-
played typical orange-brown flux inclusions. ly grown on an experimental basis, range from

The three brownish yellow spinels fluoresced a 0.80 to 3.76 ct. Photo by Maha DeMaggio. .
weak to moderate chalky yellowish green to long- Muhlmeisteret al, Gems angem0|09ﬂ013,8198
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Structural mineralogy

V—

Octahedral site (M) for trivalent cations

Tetrahedral site (T) for divalent cations




Andreozzet al, Phys Chem Minerad$, 343¢360 (2019).

L a.WS a re m e a, nt to tm'o C ke n th;[epTSa/i/'lc'lr?L. OI—rI?J{)lnogl\ll?e(iz/asngonoﬁr}jI %)(?OEY;aSrth Sciences, 4(
b .

47-55, D0i:10.15625/0868187/40/1/10915
. i _— @
T — - A
- ] ~A
A5\

Octahedral site (M) for trivalent cations

(AlFeCr ) 3*

Tetrahedral site (T) for divalent cations

(Mg,FeZnCq!/11,Ni) 2



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

Linear absorption coefficient (cm”)

A world of possible substitutions

AThecolor of sampleswith a (incl. lilacand paleviolet), blue andgreenhueis
essentiallyinfluencedby the Fecontent, and specificallyby Fet/Fe3* ratios, even
If aclearattribution is not straightforward

'BI 670275 T(MggzAb 0sF€*0.05d7€*0.006ZM.00dMNg 00 dhodVI(Al g7dM G0 1047 €0 0021 b.0010 +hoOs
A 881728 T(Zy:dF€*) 0sM. 0562k 02MNo 0010 HiodMI(AL 0160 02dF €% 0000010 HoodOs

Vi b MnO
180+ 1‘ 2

&70275

S L s B
aa0290
510241
440243
G30250
=X
890292

BR0292-d
Bo0292-b
MNat.3
BB1694-a
Mat.1
B81894-c
31081

= . ’ - / 7 4 7 T 7 4 7
9000 8000 7000 &000 5000 4000 3000 2000 Fezop-w 025 0.50 075 1.00
Wavenumber {(cm 1}

Andreozzet al, Phys Chem Minerad$,343¢360 (2019). https://doi.org/10.1007/s002€X.8- 10075
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6 shades of blue spinel, illustrated

Label Nat.2 Nat.4 30070 440243 510942 800801
1 mm I mm 0.2 my 0.5 mm
Color Light blue Greenish blue Dark blue Purplish blue Blue Blue
.. Tunduru, . New Jersey, . .
Origin Torsanis Tunduru, Tanzania USA Aker, Sweden Levida, Spain Catanzaro, Italy

Tahle 4 Chemical formulae of

the investigated natural blue spinel

samples (in apfu). The dominant

component at the respective cation

site 15 writlen in bold

apfu atoms per formula unit.
Fe’* and Fe** contents from
charge balance

Nat. 2
Nat. 4
30070
440243
510942
800801

(Mg 97470 003Fe*  025) 51 002( Al ggsFe™  00sSig 000) 21 99804

(Mg 955£n0 g FEH[]_mﬁ}z] oo2fAl l_*JHFE3+1}.DIlcr[].EH}lSi[]_m'}l}El 0980y

(Mg oprding g5 FEHU_m::}m oos(Al L_tJmFeHu_nySin_mm}z] 99404

(Mg 95270 10Fe* g 037MNg 092) 51 002( A} 9g3Fe™ 012810 002 Tig.001) 2100804
(Mg, psoding 797 FE:+[]_14[]M]1[]_[HH}EI ooi(Al l_thEHn_m1Sin_mzvn.m| )x1.99904

(M5, 5562110 004F€” " 5,04sMng 007C00 002) 51,004 (Al 970 0,014510.003) £1.99604

5 QL LJL¥2Andrébzi G.B.Halenius U. et al Colormechanisms in spinel: cobalt and iron interplay for the aker.
Phys Chem Minerals 42, 43139 (2015). https://doi.org/10.1007/s0026315-0734-0



Gahnite, Kagoro, Kaduna state, Nigeria

AT(Zrb.94FeZ+O.OﬁIO.O3) M(AI1.96 Fe?+0.03 |:e’%-i_O.O]) C)4
AVery small amounts of Mg and ¥h{<0.005a.p.f.u) occur at T sites.

https://joehenleyrough.com/collections/spineadrystals/products/bluespinelcrystal
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V. D'lppolito; et al Mineralogical Magazine (2013) 77 (7). 22933.
https://doi.org/10.1180/minmag.2013.077.7.05
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To put it simply, a spinel Is a mixture of

TetrahedralT] OctahedrdM]
(M@?e Zr*MnZ CF NZARY), |, (A|3+E§:E§1\ﬁ+ TP*Mg>* Ca*Fe*),, O,

FeFet
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& GIA WHAT 15 COBALT SPINEL? | ?} : @GIA WHAT 15 CoBALT SPINEL? @+ (=) G LA WHAT Is COBALT SPINEL? 4§

How much cobalt is enough? How much cobalt is enough? # Thiz stone has enough Cos' ’r::n_ ke “cobalt spingl
+ Bul too dark due to Fe absorption (octahedral Fe*)

. * NOT cobalt spine

Cobglt conventrotion

S ppm 10 pome Mppm ! 30ppm

et 7.7 mm s .
I I'. /'f S, 2=
£, 5 ; %‘ | / ", 39 ppm Cao
S 2 ATmm 3 |
4 "3 B £ e 15,700 ppm Fe
% 3 H W b / e
& 3 b —
g 1l 122mm 3 E, ——
= i T T
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= GIA CONCLUSIONS/FUTURE WORK ~ ;‘_@

) e [ zmcinen | = N o
So what is cobalt spinel after all? 8

Ultimate definition of cobalt spinel : a sterile debate

46 ppm Co?' 39 ppm Co*”
10,500 ppm Fe 15,700 ppm Fe

+ Must be colored by cobali. 20-50 ppm Co depending on size

+ Must have "cobalt color":
) e 7 '?g . ) TR B '?( « Fa can muddle the color. Relative concantrations of Fe and Co may be impaortant
= GlIA WHAT 1S COBALT SPINEL? ﬁ 2 GIA WHAT 15 COBALT SPINEL? - % + Even in "iron blue spinels”, cobalt can e the dominant source of biue color
+ This stone has enough Co® 1o he “cobalt spinel
+ Bright, vivid, saturated blus color
+ OK for cobalt spinel

Fe absorplion complicates matters. Fa ininoduces steelegrey-ue color
Elue spimel, Tunduru, Tanzania, 10 ppm Co®, 22,000 ppm Fe

48 pprn Co="
10,500 ppm Fe
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icant. The term “cobalt-blue” can be clarified by fur-
ther investigations on the significance of each

4 ) ® * | chromophore elements (iron and cobalt). These in-
y . o vestigations can propose a limit on the ratio of

This is the question !

iron/cobalt above which the term “cobalt-blue” can-
not be used.

IF((Fe/Co) L 10), Cobalt spinel ==TRUE)

2 NREyYy3 > 0S80l dza 8 A NEhAvioRe &

coumn 60OQ ¢ vmm n 6OQ p I I GOQ
GIA CONCLUSIONS/FUTURE WORK ’353*‘5 G un @ € G on n @ € p TU T ® €

So what is cobalt spinel after all?

46 ppm Co?* 39 ppm Co?*
10,500 ppm Fe 15,700 ppm Fe
+ Must be colored by cobalt. 20-50 ppm Co depending on size
+ Must have “cobalt color™
« Fe can muddle the color, Relative concentrations of Fe and Co may be important
« Even in “iron biue spinels”, cobalt can be the dominant source of blue color v Ve N NS s 7 N w aw
2 C U X e axep

€0 0WE Qinl ol € 0ne




A consistent approach to quantify color

AThe CIE colorimetric coordinatte 0
lightness 10

AL* (blackwhite), a0}
Aa* (greercred) 40|

L 42

. ]‘\‘

150 200 250 300

Ab* (bluegyellow) PR . | coent
20 15 -10 -5 0 5 10 15 20

Fig. 6 a*b* color space parameters of the synthesized samples (O) and nano-2¢

Are measu red US| ng a KO n.| Ca (*) and micro-powder3¢ (+) references. Labels correspond to the temperature of

. synthesis in °C. Background color shows an approximate representation of colors
M INO Ita C h f'oma M eter GROO in the a*b* region of interest for L* = 45, obtained after a transformation of the
L*a*b* space to the sSRGB space using ref. 39. The inset shows the dependence of

L* with the temperature of synthesis.

Karmaouket al. (2013)Synthesis of cobalt aluminatenopigmentdy a noraqueous sal
gel route. Nanoscale, 5(10), 42d3i:10.1039/c3nr34229h



3 years to assemble while living in S|tu
Photo and collectioiGeirAtle Gussias



Eﬁ‘;mple Formula
" CoAl0.5 T(Co0.0sMgo70Al524)"(CO0.01MGo22Al 76) 04

10

| CoAl "(Coq o?MgU soAlp 23)" (Coo.-:nmgo.zzﬁh 77004

- CoAl10 "(ConpeMgysaAly 22)"(COg Mg 21 Al 77) O,

> CoAll4 1(C0y2:Map 55Al 55" (Cop ;MG 26AlL 76) O

CoAl20 "(CopaiMgy.4eAly 21)"(Cog Mg 1Al 76) O,
CoAl34 1(C0y.44Mgg37Al515)"(COg 0sMGg 15AlL 51O |

CoAl45 1(C0g5aMgp 30Al17)"(COg sMgp 1Al £3) 04

| CoAl50 1(C0g5:Mgp27Aly51)"(COg 11 MG 10AlL 76) 04

CoAl67 {Cﬂua?Mgnﬁmam} "(Coq. :lgMQo:JsAhaﬂoq

CaAl100 T{fﬁo.s?mgummm IMCag 1z Mgu.mm 127) 04
Note: T = tetrahedrally coordinated site; M = octahedrally coordinated site.

' iogist, Volume 97, pages 183410, 2012

50-80 nm



LOTUS

Ruby & Sapphire Color Types

Overcoming nomenclature
I L .

- o e AColors in sapphires are not defined by
R s o the amount of Fe offi, nor a given
ratio of (Cr+V)/Fe for rubies.
@ e $ 0 - ANo substitute for direct experience
Pastel Cornflower Peacock Roya A é_ ,
%5 XERE FLER L‘L&n _:%?

G: 9DL KHAF=DA
saturated neon blue perceived In
person. The hype exist because of its

Incredible vividness, not because of
an arbitrary ratio.

4 x P - ax -
’vt ‘ $ &”ﬂ;

: Wl vl

l ilac Pastel Padparadscha

Mekong Whisky
ik ket BI2e



Bluespinelsshould lack noiblue chromophores

TetrahedralT] [M]

(M 92+ Z e te-C O AR )HI M (A B coreverce oM g2+ cO?+Fe2+)HI H 04

+
FetFe




Ore genesigiptic

ASource
AWhere do these element come from ? =
AHow isaluminiumhosted in carbonates ?°

ATransport
AReconcentration of elements via a fluid

Deposition
AThermodynamic equilibrium

Pink octahedral spineMogok ExColland photo N.HEBERT



Figure 7. An inclusion of apatite in pargasite exhibits intergrowth with calcite (slightly magnesian; left, magnifica-

tion 750x). In most cases, pyrrhotite inclusions have exsolutions of pentlandite, a sulfide with higher nickel con-
tent (center, magnified 1200x), which also contains cobalt. Using scanning electron microscopy with
backscattered electron imaging, sensitive to the atomic number, a petrographic thin section of marble-bearing
blue spinel shows that spinel and olivine are surrounded by clinochlore. The marble is composed of calcite and
dolomite (right, magnified 65x). Ap = apatite, Cc = calcite, Clh = clinochlore, Dol = dolomite, Ol = olivine, Pen =
pentlandite, Pg = pargasite, Pyr = pyrrhotite, Sp = spinel.

Fe/Co 867 562 1053 670 24
Species Pyrrhotite Pyrrhotite Pyrrhotite Pyrrhotite Pyrite
Locality Glencoe main Soper River Soper Falls Soper Lk camp Trailside

Lithology  Spl-bearing pod Spi-bearing marble Humitite Spl-bearing marble  Spl-bearing silicate rock

Sample 2A-SPL-1 3A-1 3B 3C 3F-1 (after Spl)
n 4 3 3 5 1

Fe (wt.%) 60.99 61.79 63.19 60.32 43.06

Co 0.07 0.11 0.06 0.09 1.79

Ni 0.21 0.10 <0.03 0.04 <0.03

S 38.59 38.03 36.81 38.62 52.75
TOTAL 99.86 100.05 100.08 99.09 97.61

Below detection limit (wt.%): Mn (0.03), Zn (0.04).

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




What makes a deposi

Comparison obccurences
AAnPhuLuc Yen Vietnam
ABaffin Island Canada




M l;] g |: 5 i O i :' A F 2

inel associated with Chondrodite  {Mg,Fe<*)5(5i0,4)5(F,OH);

inel associated with Diopside CaMg5si;Og
KMg3(AlSiz04g)(OH)5

NaCa,(MggAl)(SigAl; )0,




Marble \ Pargasite ‘ Blue Spinel Olivine

Figure 8. In Vietnam, primary blue spinel deposits appear as approximately lens-shaped bodies rich in olivine.
These lenses are hosted in marble, and pargasite is found throughout the surrounding marble. Photo and drawing
by Boris Chauviré.

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



LOTUS ctm-ology

Formation of Forsterite by Silicification of

Dolomite during Contact Metamorphism -
. o

JOHN M. FERRY'*, TAKAYUKI USHIKUBO? AND JOHN W. VALLEY?

DEPARTMENT OF EARTH AND PLANETARY SCIENCES, JOHNS HOPKINS UNIVERSITY, BALTIMORE, MDD 21218, USA

Wisr SIMS, DEPARTMENT OF GEOSCIENCE, UNIVERSITY OF WISCONSIN, MADISON, W1 533706, USA

RECEIVED AUGUST 6, 2010; ACCEPTED APRIL 20, 2011

ADVANCE ACCESS PUBLICATION JULY 27, 2011

iThis SHankanblue spinel is home to a tiny, wdbirmed forsterite crystal identifi
t K2023INF LIKSNY 9@ . Af f A0B36b8dad KS a CA B Bl 5 | (
Gubelin E.J. an&oivula J.1. (2005Photoatlasof Inclusions in Gemstones, Volume pp.; RWHL*.



Fo4 2 Cal 4+ 3 sSa( "!_[;|,||] =2 D14 2 COs.

Small diopside crystal (confirmed with micro Raman) in this blue spinel from Madagascar. : '
t K2G23INI LIKSNY 9@ . Af f A08365768a8 K& CA Sof R 2F | S/SS d diY 615 NYWY ! BRG] S
Gubelin E.J. an&oivulg J.I. (2005Photoatlasof Inclusions in Gemstones, Volume 2. Basel, Switzer@pidjoPublishers, 830 pp.; RWHL*.

LOT U S GEM-ology




RAITH J. metamorphic Geol., 2008, 26667
doi:10.1111/].15251314.2008.00779.x  AloO3

Crn
Sakenites
An-Crn
Calc-silicate rocks An-Spl An-Spr
Wo An-Spl-Spr
Wo-Scp-Cpx (An-Cpx-Spl)
Scp-Cpx-An
Cpx-Spl
Cpx
Opx
CaO |
? MgO +
Marbles FeO
Cal-Cpx-Scp-Spl
Cal-Di-Spl
Cal-Di-Fo-Spl
Cal-Fo-Spl

Fig. 5. CaO-MgO + FeO-Al,05-S10, tetrahedron illustrating
schematically the relationship between bulk chemistry and
mineral assemblages of sakenites and the marble-calcsilicate-
skarn association in the Androyan terrane of southern Mada-
gascar. The phase relations correspond to P-T conditions of

~800 °C, 5-6 kbar and Xco, > 0.8.

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



Petrological assemblageBAFFIN ISLAND, NUNAVUT, CANAD.

Cobaltblue spinel outcrop at
the Qila occurrence:

[BE1] Calesilicate pod,;
[BE2] Pargasitecalcite rock;
[BE3] Marble.

Next slide :

Vivid blue spinel with white
carbonate in caksilicate rock
composed of green pargasite s -
with subordinate greyish
scapolite.

Qila occurrence, Kimmirut are

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



L4
’

g | . .
@@ (2019) DOI:10.3749/canmin.1800060x,
. 7 ‘ > ¢ Aa - -




Petrological assemblag

ASilicaterich spinelbearing rock

APredominant spinebearing unit at the
Trailside occurrence, Kimmirut area.

Acomposed of:

Afine-grained muscovite (Ms)
pseudomorphs after an unknown mine

Acoarsegrained phlogopiteRh),
Acalcite (Cal),
Aspinel 6p)

M.Belleyet al, The Canadian Mineralogist Vol. 57, pp.-2080 (2019) DOI:10.3749/canmin.1800060



Mineralogy of micas : role of K In

AF-rich aspidolite(Naphlogopite known in Luc Yen
APhlogopite(Y a 37 IS AC3h hl 0i 0 3 Modeid&lad RN

Purple spinel with mica, Corigoi, AnPhu Luc Yen, Blue spinel and phlogopit&heKhi, AnPhu Luc Yen,
ColIN.HEBERT ColIN.HEBERT




Deciphering fluid inclusions

AThe metamorphic fluid system was rich '~ %
ACO?2 released from oot
devolatilisationof carbonates
Afluorine, chlorine and boron
released by molten salts
(NaCJ]KCJ] CaS0O4)

AEvaporitesare key to explaining the
formation of these deposits.



.
AUnusual chemistry\4
2 T ¢lhiidCoSs %
c{ KAIQOH) |
bearing fluids .
Rty \ RN
Fine dislocation needles, as shown here, are a typjb‘. T Bin Viethamese spinel. = :L\
Gubelin E.J. andoivula J.I. (2005Photoatlasof Incll,[éis 1S sﬁnes, Volume 2. Basel, Switzer@pidjoPublishers, 830 pp.; RWHL*. ;;-}} '
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TABLE 6C. ESTIMATED PROTOLITH COMPOSITIOM OF METACARBONATE SAMPLES
FROM SOPER RIVER AND QILA, KIMMIRUT AREA

Soper Soper Qila Trails. Trails. Trailside Trailside
Locality River River Qila Qila Qila Qila (area) Trailside (area) (area) Trailside Trailside (area) (area)
. . . Phl-richer, Spl-bearing
. Laplsl Laplsl (ISIaI-::- Prg-Cal Spl-bearing Spl-poor silicate rock Cal-Phl-Spl
Lithology lazuli lazuli silicate  rock marble marble  Marble (Spl-poor) Marble Marble rock Diopsidite Diopsidite Diopsidite
Al'Si (g/g) 0.34 0.33 0.4 0.44 0.15 0.15 0.16 073 024 027 0.72 0.04 o 018
Siliciclastic Ca0 2.48 2.93 2.84 1.84 0.51 0.55 0.37 0.32 D-EE 0.27 0.21 2'79 3.45 3.24
contribution ® (wt.%%) ' ' ' ’ ’ ’ ‘
MgO 1.29 1.48 165 116 0.15 0.17 0.1 045 095 042 0.8 0.58 0.86 1.08
Na O 0.52 0.59 ' : ' ) ) ) ‘
Original Hz0 Hs0 2.61 2.91 358 267 0.15 017 042 293 04 021 193 0 042 1.35
estimate (wt.%) "
Original carbonate ©  CaO 21.62 1632 10068 2416  42.49 4575 4763 1028 4278 4983 2119 20.71 16.5 13.91
MgO 6.87 8.72 1335 1258 11.35 i o 7.63 B77 294  16.05 15.71 15.34 17.07
Original carbonate €O 24.46 2234 2246 3271 4573 4464 4526 2032 4315 4232 3416 33.41 20.71 20.08
Original evaporite ® MNa 4.31 4.73
cl 6.65 7.29
Total ® 119.38 12392 11445 116.93  109.47 109.12 1o7.92 107.05 10879 10143 11654 12568  123.71  124.97
Carbonate species Magnesite 0 0 46 0 0 0 0 0 0 0 5 5 23 44
(mol.%)
Dolomite 44 74 54 72 a7 24 21 63 23 8 95 93 i 56
Calcite 56 26 0 28 63 76 79 H 7 92 0 0 0 0
Original rock composition (wt.%) ' Original rock composition (wt.%) '
Siliciclastic Sand 8 106 4.2 6.3 6.7 4.7 54 2.1 44.4 435 312
Mud 38 41 555  39.1 2.7 3.1 2.4 75 4 6.7 21.2
Clay 14 7.2 7.3
Sili. Total 46 51.5 596 405 9 9.7 7.1 52.3 31.3
Carbonate 447 38.7 404 595 91 90.3 92.9 59.5 129 6.1 38.6 44.4 50.2 52.4
Halite 9.3 9.8 40.5 B7.1 9389 61.4 55.6 49.8 476

# Estimated based on reference averages and samples of modern sedimentary rocks (see text).

® Assuming 5 wt.% water in shales and claystones.

¢ Siliciclastic contribution subtracted from whole rock total.

9 Siliciclastic contribution subtracted from whole rock total, for lapis lazuli only, assuming all excess Na is halite.

® Whole rock composition excluding volatiles and with the addition of the estimated original COz, H20, and where
applicable, CL.

"Where the siliciclastic proportion is calculated assuming it contains all Al, Si, Ti, Cr, K, Na (except in lapis lazuli), and
their calculated estimated contribution of Ca and Mg; and the carbonate proportion contains the remainder of Ca and
Mg plus CO..

M.Belleyet al, The Canadian Mineralogist Vol. 57, pp.-28@ (2019) DOI:10.3749/canmin.1800060



Origin of the protolith

Carbonate

A Other metasediments
# Spl-bearing metased.

@ Beluga sapphire

W Soper Lapis

Sand _ _ Mud .
M.Belleyet al, The Canadiar® Miferalogist Vol. 57, pp.-286 (2019) DOI:10.3749/canmin.1800060



Age of Marblehosted spinel deposits

A Miocene atHunza
(10.8+0.3 t0 5.4+ 0.3 Ma)

A Miocene atMogok
(18.7+0.2 to 17.1+0.2 Ma)

A Eocene at Luc Yen
(38.1+£0.5 Ma age zircon in ruby)

A Paleoproterozoic at Baffin Island

|Tumkn|unm, Tajikistan

E

Jegdalek, Afghanistan
24.7 £ 0.3 Ma

S

s __ i p—

(1820-1850Ma )

Mangimali, Azad-Kashmir
172+ 0.2 Mato 15.3 £ 0.1 Ma

Mineralizationoccurringwhile
ductile deformationwasactivein
peakmetamorphicconditions

in the RedRivershearzone

400 km

Hunza, Pakistan
10803 Mato54+03 Ma

- 120°

"

P
HK TChumar, Nepal: 5.6 + 0.4 Ma
Ruyil, Nepal: 4.6 + 0.1 Ma
K
L
L

C

Mogok, Myanmar

18.7+£02Mato 17.1 £0.2 Ma

e Ruby deposit

——

Mong Hsu, Myanmar

INDIAN OCEAN

PACIFIC
OCEAN

Lug Yen, Vietnam
380+£20Mato33.8+04 Ma

Yen Bai, Vietnam
24404 Mato23.2+0.6 Ma

0°

V.Garnieret al. Ore Geology Reviews 34 (2008)cia




Occurences

AStructural control

Blue Spinel Deposit
@ Primary @ Secondary ® Major cities/towns \ Road

Chauvireet al, Gems and gemology, o35



22 104 | 40 DAY NUI CON VOI RANGE

10 2

D Quaternary sediment
Phan Luong Formation: Neogene sediment

Ngoi Chi Formation: quartz-sillimanite-biotite

]
[[] scnist. gamet-silimanite-biotite-quartz schist,
]
(|

gneiss, migmatite and quartz vein

Nui Voi Formation: plagiogneiss, garnet-biotite-
sillimanite schist, amphibolite, marble lenses,
quartz-gamet-silimanite, quartzite

Tan Huong granitic complex

F
o
N
o
z
m

Quaternary sediment

An Phu Formation: Upper Proterozoic to Lower
Cambnian: calcitic marble, dolomitic marble with
phlogopite-granite-margarite

Thac Ba Formation: Upper Proterozoic to Lower
Cambrian: micaschist. quartz-biotite or muscovite
schist, gneiss, migmatite, marble, quartzite

Nui Chua complex: olivine or pyroxene or
amphibole gabbro

Phia Bioc complex: biotite granite, pegmatite, and aplite

BER 0 OO0

Phia Ma complex: hornblende-garnet to
pyroxene granosyenite

GEM DEPOSITS
Spinel Ruby, sapphire
B rrimary @ Primary R, o
D Secondary o Secondary
Feldspar Blue Spinel N_ River
N @ Primary B Primary
Secondary
A 0 2 4 & 8km U . " D PV
I T |
I Tourmaline @
104140 A FPrimary Gemstone market
A\ Secondary and cutting center

Van Long et al, Gems and gemology, 2013 (w), p2433




ATemperatures are between 630 and 745 for the
respective mines dflinh Tien (630 C) Bal Da Lan (675
¢ /00° C),An Phu(690° C),and Nuod\Ngap(745° C).

Melted fingerprints showing heat altered octahedra give evidence of heat treatment in this cobalt diffused spinel.
SRR L T T/ W b2 hNAIAY W 9 Y- HgaD-SFsSuye iHaaNhg@HSA 0 bw 5 A FITKZRZ
w SaeseawsS., Wang, W. et al. (2009) Distinguishing HeS@deldrom Unheated Naturabpinelsand from SynthetiSpinels GIA, 13 pp.; RWHL.
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Geochemical control sump

AThermal reduction oévaporiteby organic matter
AHigh temperaturemedium pressure metamorphism

of platform Carbonatei.ﬂ



Blue spinelKheKhi, Luc Yen, Coll and photo N.HEBERT



