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ABSTRACT : A mineralogical analysis on the factors affecting the luster of pearls was carried out
using gravity measurement, optical microscope observation, X-ray diffraction analysis, and scanning
electron microscopy. We divided the seawater cultured pearls from Tongyeong into the following four
types based on luster and shape; good luster and round (LR), lackluster and round (LLR), lackluster
and baroque (LLB), and lackluster and two nucleus (LTN) pearls. Pearls with high-quality luster had
slightly lower specific gravity as compared to pearls with low-quality luster, but both these types of
pearls are within the specific gravity range of commercial pearls. Regarding the cross-sectional
thickness of the mother-of-pearl layer, LR pearls showed a uniform thickness of about 0.3 mm in
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average. On the other hand, LLR pearls were characterized by relatively thinner, but uniform thickness.
LTN and LLB pearls showed a tendency of significantly large variation in thickness even within a
single pearl. For the surface of pearls, pearls with high-quality luster showed narrower and clearer

growth lines of aragonite crystals as compared to pearls with low-quality luster.

Pearls with

high-quality luster were characterized by fewer aragonite crystal lattice defects as compared to pearls

with low-quality luster, and the former showed parallel arrangement, thinner thickness,

and less

difference in thickness on the surface and inside. If a pearl has a prismatic layer, it is composed of
aragonite with calcite in the prismatic and nacreous layer, and calcite content is very high in the
lackluster pearl. Pearls without a prismatic layer were devoid of calcite irrespective of their quality of

luster, and were composed of aragonite.
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Fig. 1. Cross section of seawater cultured pearls used
in this study. (A) Luster Round (LR) pearl, (B)
Lackluster Round (LLR) pearl, (C) Lackluster
Baroque (LLB) pearl, (D) Lackluster Two Nucleus
(LTN) pearl.
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Table 1. Thickness of nacreous layers in seawater cultured pearl

group n avg. (mm) range (mm)
LR 5 0.30 0.27~0.34
LLR 4 0.21 0.12~0.31
LLB 4 0.31 min 0.13~0.14, max 0.43~0.67
LTN 6 0.29 min 0.10~0.21, max 0.45~0.55
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Table 2. Distance of growth step of sea-water cultured pearl

group n avg. (um) range (mm)
LR 6.60 1.11~24.74
LLR 3 18.44 9.43~30.59

0.22mm

" E—
0.3mm 0.3mm

E—
0.3mm

Fig. 2. Thickness and characteristic of nacreous layer
in seawater cultured pearls. (A) Luster Round (LR)
pearl, (B) Lackluster Round (LLR) pearl, (C)
Lackluster Baroque (LLB) pearl, (D) Lackluster Two
Nucleus (LTN) pearl.
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Fig. 3. SEM photographs of the surface in seawater
cultured pearl. (A) luster pearl, (B) lackluster pearl.
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Table 3. Aragonite layer thickness of luster pearl (um)

inner layer surface layer
group n
avg. (um) range (um) avg. (um) range (pm)
LR 7 0.30 0.16-0.51 0.31 0.16-0.47
LLR 7 0.31 0.16-0.54 0.48 0.21-0.98

Fig. 4. SEM photographs of nacreous layer in
seawater cultured pearl. (A) top of luster pearl, (B)
top of lackluster pearl, (C) bottom of luster pearl,
(D) bottom of lackluster pearl.
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Fig. 5. XRD patterns of seawater cultured pearl. (A)
luster pearl without prismatic layer, (B) lackluster
pearl without prismatic layer, (C) luster pearl with
prismatic layer, (D) lackluster pearl with prismatic
layer. Ar; aragonite, Cal; calcite.
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Fig. 6. XRD patterns of prismatic layer in seawater
cultured pearl. (A) luster pearl, (B) lackluster pearl.
Ar; aragonite, Cal; calcite.

A =& As & F Ak 53], 75 A
Washs QAN ofgtarol Bl it
Mol ol 55S & 7 Utk AUFHeE £
JIE Uerit.
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20 25 30

26(CuKa)

40

Fig. 7. XRD patterns of nucleus and nacreous layer
in seawater cultured pearl. (A) nucleus of luster
pearl, (B) nucleus of lackluster pearl, (C) nacreous
layer of luster pearl, (D) nacreous layer of lackluster
pearl. Ar; aragonite, Cal; calcite.

HUEYTHMa ef al., 2007). ¥ AT Ay} 5F
ol olgtave|Ee}t wWEd 5 ket gk
& FEo] EAIGTE AL I F AUk Ma
et al. (2007)2 olFfAYolER FHH 55T
7= F7E F4o] 7 stk e, ol
HoAF Ae el o] w2 5FTE
WA= 259 Feo] mf- ymth= AR by
A9k 218U Ma ef al. (2007)S A3 F4E&
Feo g Aglsle] AFsH Zo] ofyr] wiiol o]
of thafjAl 2A vlwshks AL o Ao WS
HolHe ZAog kg

oA Fg oFol daglo] o] Ext
o] AZHAET(Fig. 7A, B), |9t £& Axp=

R
L

59 (FRAAT PN AT e 35
AT do] thate] 2 Aspshe LA

tHPark and Kim, 2005). AFFolA= ofehan
o|E o]¢jo] WA E HEEHIoH, FEo] £
Aol nls) Fefo] L Aol A o] B A
o] ZAIgS & 4 UrkFig. 7C, D).

a4 =
FYN AFPAATE Peo] T AT 1
W AFE PR B Dol WL - @
% 23} et g ANES T F AT



(1) Fdlo] £& AF9] HFL HF 2.692 3
Eﬂo] =2 &o x N

e 7RI,

() AFZF FAZF & A3 oA FYsta,
4 0.3 mm °lFe 5T FAE 7HA= IF7F
Feo] £& Aoz %%%U‘r o] 2 9
FEHL Feo] FA] ¢ke 7 l H3l o}g}al}o] E
AR o] AAdo] Mwstal 1H4 o] HE}. ofgfart

o|E AA=L FHlo] & x]_r7]. 3
Aol el FaYsiA wjEE ] A, 7,%754 ‘l“77ﬂ7]'
S0} throA Fate

(3) AFY F74 FE2 ofgfare]|EolH,
iAol XIH7E It WML TFFS 7HA
£ QRO FEET Qe EAjsker, %
do] L %o T e WalHo] A

(4) F& B2 /A E JAFE HiFe] 2.7 oJ8l
03 mm oo #dT T2 IFTE 7HAH,
FEHo AR Ao Fu F¥o] glon, ofgka
UolE Ao wjdo] BYstn Ao FAV}
ol 9%} FUsky, SFEF0] §AY ckw
stk el ol Hojol & Ao= oA

E;q 0} O O

REFERENCES

Arajirou. (1960) The Study of Pearls. The Skill Report
Hall.

Choi, HM., Lee, B., and Kim, Y. (2012) Detection of
gamma irradiated South Sea cultured pearls II.
Journal of the Korean Crystal Growth and Crystal
Technology, 22(4), 165-169 (in Korean with English
abstract).

Kim, Won Sa (1992) Gemology. Woosung Publishing
Company, Seoul, 319-324 (in Korean).

Kim, Won Sa (2003) Gemology, Principle, Identification,
Evaluation (2nd Ed.). Woosung Publishing Company,
Seoul, 482-504 (in Korean).

Kein, C. and Dutrow, B. (2007) The 23" Edition of
the Manual of Mineral Science (after James D.
Dana). John Woley & Sons, INC. 675p.

Ma, H., Zhang, B., Lee, 1.-S., Qin, Z., Tong, Z., and
Qiu, S. (2007) Aragonite observed in the prismatic
layer of seawater-cultured pearls. Frontiers of
Materials Science in China, 1(3), 326-329.

Oh, J.-U. and Choi, J.-K. (2003) A study on the iden-
tification of cultured bead pearls. Journal of the
Korean Society for Geosystem Engineering, 40(6),
389-394 (in Korean with English abstract).

Oh, J.U,, Kim, J.S., Choi, JK., and Kim, P.C. (2003)
The estimation characteristics of cultured pearls.
Journal of the Korean Crystal Growth and Crystal
Technology, 13(6), 315-319 (in Korean with English
abstract).

Park, R.-Y. and Kim, P.C. (2005) The cultivation and
characterization of akoya pearls. Journal of the
Korean Crystal Growth and Crystal Technology,
15(4), 152-156 (in Korean with English abstract).

Park. RY., Kim, Y.-C., and Kim, P.C. (2007) The
comparative analyses of akoya pearls using the
bio-bead nucleus and bead nucleus made from
washboard shell. Journal of the Korean Gems and
Jewelry, 1(1), 25-33 (in Korean with English ab-
stract).

Schumann, W. (1997) Gemstones of the World.
Sterling Publishing, New York, 225p.

Song, E.-C, Choi, S.-K., and Yoon, C.-Y. (2012)
Analyze the factor of pearly luster by comparing
fine structure of mother-of-pearl shell. Journal of
the Korean Gems and Jewelry. 6(1), 143-151.

Webster, T. (1994) Gems. Butterworth Heinenmann
Ltd., London, 521p.

Received February 4, 2015, Revised March 12, 2015,
Accepted March 20, 2015, Responsibility Editor: Dong
Bok Shin



