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ABSTRACT : We applied gemological analytical approaches on Aquamarine from the Gilgit-Baltistan
of Northern Areas, Pakistan. The standard gemological testing indicates that they are consistent with
general characteristics of natural aquamarines. We have identified the inclusions of Tantalite-Mn by
Raman analysis. It indicates that they occurs in association with the veins of Be-rich coarse pegmatite.
And the results of chemical analyses, infrared absorption spectroscopy and Raman spectroscopy
indicate that H,O molecules in channel mostly exist in Type-I and a little Type-I1I with low alkali ion.
The comparison of relative peak intensity of FT-IR analysis can be used for prediction of Na,O
content within not only emerald but also aquamarine.
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oSt (HE(#5 E), aquamarine) W Z(beryl)
o] WS (variety) 2.2 o] Holdart v =
o] €& HA-E& W Wood and Nassau, 1967). ©]
9] WP MFoRE 54 Holdie| nF
o] wlg} FA1e] AUO] E(Goshenite), =542
o HEE(Emerald), B349] =AUC]E(Morganite),
Aol =& ¥ (Golden beryl), 5349 dg|o
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Giuliani et al., 2002). ©] B EL HE3A A=
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Y Ade AT Ade AL g ol
& o] & ol EAE 78 F Us AR
F83) At Goldman er al, 1978; Aines and
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Fig. 2. Projection of part of the structure of beryl on
a plane perpendicular to the ¢ axis. Modified after
Bragg and Claringbull.
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&< 7HAIH(Fig. 3(B)), EFU-IIbe] H,O4 OH 1
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Fig. 3. Cross-section of the structural channels in beryl showing two orientations of water molecules. Section is
along c-axis. (A) : Channel configuration of alkali-free beryl, with Type-I of H,O (symmetry axis of molecule
is perpendicular to C6) and vacancies. (B) : Channel configuration of alkali-bearing beryl, with Type-II of H,O
(symmetry axis of molecule is parallel to C6). (C) : Channel configuration of alkali-bearing beryl as the
sequence H,O-Na-[]. (D) : Channel configuration of alkali-bearing beryl as the sequence OH-Na-[] ([]
-Vacancy. Modified after Wood and Nassau, 1967, 1968b ; Ldodzindski, 2005).

Fig. 4. Photograph before (left) and after (right) cutting of Aquamarine samples (Cut parallel to the C-axis).
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Table 1. Physical properties of Aquamarines from the Gilgit-Baltistan of Northern Areas, Pakistan

Color Very light to medium blue, typically a saturated bluish green with a light to medium tone
Clarity Very slightly included
Refractive indices no = 1.588 ; ne = 1.577
Birefringence  0.011
Specific gravity 2.69-2.70
Fluorescence  inert

e Often homogeneous color distribution
® Partially healed fissures with two-phase (Figure 3a)
® Negative crystals, forming CO-rich two-phase inclusions

® Parallel growth tubes
Internal features

® Extremely fine fiber-like inclusion (Tantalite)(Figure 4)

® Mineral inclusions: crystal pyrite and silk-like sodic plagioclase (Figure 3b, 3c)
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Table 2. Analysed elements of Gilgit-Baltistan, Pakistan Aquamarine (ppm = mg/kg)

Cr  BeO AlO; SiO;,

Na,O KO CaO MgO MnO Zn Ni Sc Rb Li

nd 14.815 15.078 69.9528

0.137 0.011 0.023 0.014 0.003

116.65 nd 174 nd 144.62

Fig. 5. Photograph of the characteristic inclusions. a)
healed fissures with two-phase (x 60), b) crystal
pyrite (x 30), c) silk-like sodic plagioclase (albite,
oligoclase)(x 60), d) fine fiber-like tantalite (x 60).
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Fig. 6. The 880.5 cm' peak are indicative of
Tantalite. The dominant beryl peaks are also present
in the spectra of the inclusion.
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Table 3. Unit cell dimensions of Gilgit-Baltistan, Pakistan Aquamarine by XRD

a (A) b (A) c (A a I Y volume (A?)
Cell Size 9.215 9.221 9.196 90.036 90.019 119.933 677.104
Stal.ldérd 0.0048 0.0024 0.0037 0.0306 0.0367 0.0303 0.6060
Deviation

B20(Fe:)

1830 11H;0)

Absorbance

1830( 1 H:0)
427(Fe+) 1850( 1 Hz0)

1400( 11 H-0)

N I " I N I " 1 N 1 " 1 " 1
250 500 750 1000 1250 1500 1750 2000

WavelLength(nm)

Fig. 7. UV-Vis-NIR absorption spectra in the region
of 300 nm - 2,400 nm.
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nm® FF I+ BRIl 97 Zlo]th(Nesse,
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Fig. 8. FT-IR absorption spectra in the region of
7,600 cm™ - 400 cm™.
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Z10]tHkWood and Nassau, 1967; Wood and
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Fig. 9. FT-IR absorption spectrum from KBr pellet in
the range of the stretching modes of H,O. (A) 3694
em’, HO Type-. (B) 3596 cm’, H,O Type-Il. (C)
3656 cm, H,O Type-Il.

Table 4. Analysed trace element of Gilgit-Baltistan,
Pakistan Aquamarine by ICP-AES

Concentration (Unit : ppm)

Element Paki Star.l
Aquamarine

Na 1018.60
Ca 166.82
Mg 82.07
Mn 26.14
Fe 1446.66
Zn 116.65
Ni nd
Sc 1.74
Rb nd
Cr nd
Li 144.62
K 90.97

42Ql H,0O-Na-[] E&= OH-Na-[] ((J:vacancy)
Hde 7HAE BIY-IbE AEEHARL 2 As
A= BF-1adll aldet= (A)e o AsiAl o
el dhd) ERd-llacl dlgsh= (B)7F <A
e 123 (C)e wis- oFsiAl veRdth w
gA B AR Ad Ul H,0= UiFE ¢z o
23 #Ado| Qe EFY-10E EAta v|Fow

688
1069

Intensity

325 400

L 1008
526
JMJ -
1 1 1 1

200 400 600 800 1000 1200

Wave Numbers(cm)

Fig. 10. Raman absorption spectra in the region of
250 cm™ - 1,250 cm™.
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2 Schmetzer and Kiefert (1990)7} A|AIgH 2dloj|
o3ld B AgE A > B> C > FES 7/IAY
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wt%o|th, ol IF 119 gk ‘medium alkali-
bearing’, A > B >> C, Na,0 ¥ 0.03 - 0.05 wt%
Huh= B3, I2F 19 3ld3sk= ‘high alkali-
bearing’ B > A > C, Na,O &3 0.5 - 1.0 wt% X}
E AL OF 119 IF I Aloldl &3l Zog
A & -9 ei33k= ‘low alkali-bearing’ &
71438k Table 59F 2] YRSt

Fig. 10914 Eo|= Raman 2~ EHo|A 325
em’, 400 cm™! Y IE AP0 E &7 Ho] F
o og F4ola, 526 em'| oF FFE Ahag)
A LFHEA0)AAe] WY A% e
A AACIE &2 o] Froll o3 AF i
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Table 5. Classification of natural and synthetic emeralds according to spectroscopic features in the infrared
from 3,500 cm” to 3,800 cm” (Schmetzer and Kiefert, 1990)

Group Intensity ratios ~ Chemical properties

0 no distinct

flux-grown synthetic emeralds

synthetic emeralds grown hydrothermally

! A from alkali-free media

I ASB S C synthetic hydrothermally grown emeralds, sodium contents ranging from approx.
0.03 - 0.05 wt% Na,O

TR . i o
- ASB>C low alkali-bearing Aqu.an.larlne‘0.06 0.4 wt.A Na,O
(0.137 wt% Na,O : Gilgit-Baltistan of Pakistan)
medium alkali-bearing natural emeralds, sodium contents ranging from approx.
_ 0
m B>A>C 0.5 - 1.0 wt% Na,O

B> A = C B > C > A high alkali-bearing natural emeralds, sodium contents
ranging from approx. 1.0 - 2.0 wt% Na,O

Vo B=C>A S % NasO

high alkali-bearing natural emeralds, sodium contents ranging from approx. 1.5 -

(Note A = 3,694 cm', B &

3,592 cm?, C £

3,655 cm’')

. Type | H:0
| 3808cm

TypellH.0
3598 o'
|

Intensity

| | |
3580 3690 3600 3610 3620 3630

Wavehlumbersicm™)

Fig. 11. Raman absorption spectra in the region of
3,580 cm™ - 3,630 cm’.
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A sk AR A% W aE Aksh A7 A
APIE(Si-0)8] F¢t Azs e WE ot
(Huong et al., 2010; Bernard et al. 1996). Huong
(2010)3} Lodzinski (2005)= Raman &< iJ“E
2} 3,580 cm™ - 3,630 cm™ 2] HLJolA 3,598 cm™!

F A3s ¢ZYE e A midolA HF
Ha 27 S € 34 wgelA 3,608
em” F FIHE FEsIY H09 wWiE el
w2 B} 119} EFY 1 F 7HA B o® RS
t}. olo] W} Fig. 1104 B5o] B A goA 1}
ERE ERYY 12 A A5k 3,608 cm'e] &4 9=
o] A71E B 1Z AAISH=E 3,598 em™ RU}F 71
14 =] vlgo] ml§- o} B AEe m§- ¢

2 ¢ZE 0|28 s AS Yehjed o] 2
= FT-IRS B2 Ao} Y|t
Z =
7] 2~8 BX Gilgit Baltistanol| 4] 2FE A

OH%PH%H #40 T4 EAS B B4
74 719} XRF, ICP-AES, XRD, FT-IR, Raman
< A7ete o 22 AAE Atk 1Ak
EAoA B ANZE T2 kA9 oFolH AN
AR EAS HYon Fanlelo|E oA A
A== Mnd A%s gETolEY AR 2R
U Eo] ool ge] Azl W P9 200 cm’
- 1250 em'lA ghEelo]Ee F g5 ¥
880.5 cm’o] AU |1 AT FAo|
Al B AR BRAE miHs 3 OE 4]
T AR S oy A AR B

A FAAES ¥ud =4 Jehe v
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