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Table 1

“

X-ray diffrac-

10

0.3mm

X-ray

Fig.1

ADG 301

Cu-Ka

30KV 15mA Ni-filter Time Constant1l Scanning
Speed 26 2° /min., Chart Speed 20mm/min.,
Divergency slit 1° ,Receiving Slit 1° .

Bead
Table 2

90°

Jadeite

cut stone
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Table 1 Samples

U v @E OKE) RCEOHEUY

% HGrthaze) A i £ % iR % it

Jadeite (BEE) 5| REUUT FA Be~FKE TEH owm R
rPAEL E HK Be, #aEEC 1aEY —

N A ERIR  EAk, *iEH —
FERE Rl @ TEH —
ey T ARy v a VB GBS ASEM & B
Nephrite Hh AR & g = &

Nephrite (8kF) 6 Taiwan Jade Bh BARE TOER Wk “ B
Taiwan Jade BH REWRE TEW ERES =) &
[ 2} rvas HEEER Biisn -

Ut wn Bh AR 3 HERE TER -
Jade stone FEOK AkE TEW 4
Prehnite (5&517) 1 Ff REKE THER th
Grossularite 2 Jade Mottled Green A Ba K& EBhEHD E77IA
(# X< A 4) EA:| HRyay IRKikE Bbn —

Bowenite (£0A04) 1 12 %) 5 HAEE  TOBM &

(Serpentine)

Quartz (f73%) 3 Blue Aventurine HO FEE EH —
Aventurine quartz FHf ARk PEM -
Chrysoprase HRy Yy ar BA 8 T~¥EH —

A & & 5 | Jade Qual st mg < - S
Green Stone } PRy Ay RS TEM = &
artificial Jade AHy T ar KB FEMN & &
LA ARy v ar fFE RIER Rl RUERAT
a7y s 2 H& A5EM Ak I R

PV aERUEOERMUY

Turquoise 3 | = £ #H @& -

(hafs) b2 sl R -
(S P S =t HFB ARy a H —
Amazonite 1 5 f T &
(7=vF4 1)

A 6 AR VIR W. Germany

B b)Yy s A MLTR ”
ENP Y FE v Rl 3 H¥
A 2=y BT ERSFFZRAR
AR BN IH(TIAF ) 5| ES
77 AREE G —
HER R U R B
Cultured pearl 2 % 4mm AT 8om H ES
(B FHELER)
I mitation pearl 2 % 8mm S— Loyt s A
(S EER) H S
#% 8um S Loyt v R
USA

Corundum & £ &

Indian star Ruby FIBEBE EH OELS India

Corundum 3 maxrufin (special fused Yo siREE R AR —

Alumina)
White Sapphire

AL O, 99%
W2




Table 2 X-ray powder diffraction data

1

T

Jadeite Nephrite Prehnite ! Grossularite Turquoise
dA | v d A /1,1 d A AT4I/LT7 d A | ULl 44A | o,
6.19 20 | 10.47 20 | 5.34 25 | 3.44 40 | 8.93 10
4.29 | 40| 9.78 90 | 4.67 35 3.00 | 100| 6.65 30
325 | 10 8.28 10 | 4.31 25} 2.94 5| 6.15 50
3.10 45 | 5.88 15 | 4.45 10 2.93 5/ 5.98 25
2.92 70 | 5.66 10| 3.56 45; 2.82 20 5.71 15
2.83 | 100 | 5.53 10 | 3.49 | 100 2.71 | 15| 4.79 30
2.49 | 30| 5.26 20 | 3.36 40 | 2.52 15| 3.67 | 100
2.42 25 | 4.89 15 | 3.32 75 | 2.49 5 3.42 50
2.20 10 | 4.50 51 3.28 60  2.24 20 | 3.35 20
2.16 10 | 4.13 5| 2.99 90 | 1.99 10| 3.28 45
2.07 35 © 3.93 20 2.83 | 45| 1.91 20| 3.08 15
2.04 5 | 3.80 45| 3.06 | 200 1.84 | 30| 2.90 | 90
1.97 15| 3.63 100 | 2.57 90 1.72 | si 2.51 20
1.89 51 3.41 30 | 2.36 45 | 2.40 5
1.76 15 | 3.25 15 | 2.71 30 | 2.3 10
1.68 10 | 3.18 15| 2.66 10 | L2.31 15
1.57 20 | 3.14 40 | 2.48 15 | . 2.23 15
1.55 20 | 3.00 15| 2.44 | 15 | 2.17 10
1.49 | 5| 2.94 10| 2.41 15 2.12 10
1.43 | 5| 2.77 10 | 2.25 20 | 2.06 20
1.36 15 | 2.71 15| 2.15 20 L 2.02 25

2.51 20| 2.06 50 1.90 10
2.37 10/ 1.98 | 20 1.84 20
2.34 15| 1.93 | 25 ‘ 1.82 20
2.28 5 1.91 | 20 | 1.79 5
2.20 101 1.87 10 . 1.63 10
2.10 5| 1.80 30 [
1.92 20 | 1.75 10 ;
1.88 10| 1.70 5 ‘
1.78 5/ 1.68 | 10 1
1.75 10| 1.64 10 | ‘
1.61 25 1.61 20 ! |
1.58 5/ 1.60 | 20 | \ !
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Fig.1 X-ray diffraction of gems with Toshiba X-ray diffractometer TYPE ADG-301

{ GM C
]X—ray tube /& M Counter

Width (mm)

0
P
1 1l
90 4 \ lf....:l i
50 70 :: '
30 1 ) .
2 13 E : Lo _~Sample Setting Position
1 | ' : [mi . u |
} | N :
t
i !
L
Compound
| 16mm '
!
28 {Cu—Ka) '—T—
mm
70 60? 50 0 30 20 10
I | ] | I

(e) powder 500cps

T

Fig2 X-ray diffraction patterns of jadeite

a b ¢ and d :Abeadwas rotated on sample holder. sampledia. 11mm e :Same sample, Powder



&

Ib)
S —
(e) 2.847A 1
f T ! ! ] t
Fig.3 X-ray powder diffraction patterns
a Tremolite b Taiwan Jade ¢ Jade darkgreen
26 (Cu—Ka
70 60 50 40 30 20 10
T I I I | |
(a) 5 X5mm
100cps

100cps

500cps
(d) Powder
h 1 i
Fig.4 X-ray diffraction patterns of nephrite Taiwan Jade
a , b and c :fibrouscrystal mass b sample surface perpendicular to fiber direction
a , c¢ sample surface parallel to fiber direction d same sample, powder
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Nephrite
cut stone Nephrite
X
Tremolite Taiwan Jade
Fig.3 2.847 Prehnite
Prehnite
Taiwan Jade Fig.4 Nephrite
Table 2 Taiwan Jade
Nephrite Nephrite
Fig.5 Table 2
28 (Ca—Ka
70 60 50 40 30 20 10
I 1 I I I
fa) Powder

500cps

1000cps

I i

Fig.5 X-ray diffraction patterns
a Prehnite powder b Prehnite Crystal mass
¢ Bowenite Crystalmass d Chrysoprase Crystal mass
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26 (Cu—Ka)

70 60 50 40 30 20
(a) 6 X18mm ] [ I 500cps
(b) Powder 500¢ps

Fig.6 X-ray diffraction patterns of garnet
a Grossularite Crystal mass
b Pyrope Powder
500cps
- . 3 ' .
I | [
0 60 50 40 30 20 10
100cps
| 1 L | ]
110 100 90 80 70 60 50
26 (Cu—Ka)

Fig.7 X-ray diffraction patterns of “Jade Qual”
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Serpentine
Bowenite Serpentine Jade Fig.6
25 4 X
Jade Jade Qual Green Stone
10 20mg X
Fig.7 Ca
Quartz Si Al Cu Cr K B Mn Mg
Aventurine Indian Jade 6.5
Chrysoprase 29 -
Chalcedony 3.18
Fig.8
Fig.5 Chrysoprase dendrite structure
]
AlO3 SiO, CaF2
Grossularite
Transvaal Jade South African Jade
Jade CaF: NaF

CaF2

Fig.8 Photomicrograph of dendrite structure of “Jade Qual”
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(a)

[
(=

84

!
60 5

!
40 30 20 10
26 (Cu—Ka)

Fig.9 X-ray diffraction Patterns
a glass crystalized

b "Metahisui” limori Laboratory cabochon
Artificial Jade X
Artificial Jade Fig.10 Table 2

SiO2 81.0% AlOs 4.0% LiO:

12.4% KO 2.5% As03 4.0% W.Germany
850 900 1962
“ anew German products” 1957
baryerite
X Fig.9 copper phosphate
a 26 26.6° o -quartz 23 25° amorphous iron compound
disilicate
“ " “ Bone Turquoise”
X
“ X-ray powder photograph”
Fig.12 a Fig.14 a

Cat stone cabochon

cut stone
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26 (Cu—Ka)
60 50 40 30 20 10
faj 6 X9mm 100cps
i i 1
T T T I ¥
‘b} Powder 500cps
1 } } 3 4
[ | I ] |
Fig.10 X-ray diffraction patterns of turquoise
a Cutstone cabochon
b Powder
28 (Cu—Ka)
50 40 30 20 10
{a) 8 AX10mm 100cps
| | | !
I I | Ll
‘b)) 8 X10mm 200cps

1

Fig.11 X-ray diffraction patterns of German synthetic turquoise
a matrix, cabochon
b Cabochon




c

4mm

(Fig.12

diffractometer

Indian Star Ruby
Fig. 14
012 024

12

X
2 8 (Cu—Ka)
70 60 50 40 30 20 10
T l ] I I !
fa) 20¢X11mm 500cps
A -
(b) 16X Smm 100cps
(c) 10X 7mm 100cps
(d) dia. 8mm ’ 200cps
) 1 L ! i I
1 ' ! 1 f i
Fig.2 X-ray diffraction patterns of synthetic turquoise
a "Bontoruko”, cabocbon
b Synthetic turquoise limori Laboratory |, cabochon
¢ Glass imitation
d Plastic imitation
Aragonite
Aragonite
Fig. 13
X Ruby
Fig.12 b
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28 i Cu—Ka

70

fa) dia. 8mm

(b) dia. 4 mm

‘c) Powder

100cps

500cps

I ! T ¥
Fig.13 X-ray diffraction patterns of pearl
a Imitation pearl USA pearl essence b Cultured pearl ¢ Shell powder
26 (Cu—Ka
70 60 50 40 30 20 10
T I ] I I T
‘a) Powder
1000cps
v ¥ T T T s
‘b) 5 X 9mm 1000cps
(024)
(012)
———— L 4 ‘k——hﬁﬁ

Fig.14 X-ray diffraction patterns of ruby
a "Maxrufin” special fused alumina

b

Indian star ruby natural crystal face
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Cut stone
diffractometer
Hanawalt ASTM card
ASTM card
ASTM card
X
Jadeite Nephrite Tourquoise Chalcedony
No.8 1969

Anderson, B. W.,, Gem Testing, Heywood, London 1964
Webster, R, Gems, Butterworths, London 1962

Identification of Gems with X-ray Diffractometer

Kiyoaki Tatsuka, Tatsuo Hashimoto
Osaka Custom Laboratory
4 10 3Chikko, Minato- ku, Osaka- city.

The X-ray diffraction patterns of cut gemstones such as jadeite, nephrite, turquoise and their simu-
lations were obtained with X-ray powder diffractometer. These gemstones are not single crystals but
crystal aggregates. Because crystal aggregates have some orientation properties, the relative inten-
sity of the diffraction pattern of cut stone surface differs from that of powder of same stone.

Authers reached the conclusion that the X-ray diffraction method is very useful for the identification

of cut or mounted crystal aggregate type gemstone
—Received April 10, 1970——
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