2022 43 H = oo it Vol. 41, No.2
March 2022 ROCK AND MINERAL ANALYSIS 272 -280

XA, sRkA, UER, A 2K & PR HOEBULOE - BLE ORI M T R IRAF R AE AR S [T ], A, 2022,
41(2) :272 -280.
LIU Jinhua, ZHANG Jian, YAN Xuejun, et al. Characteristics of Photoluminescence and Raman Spectra, and the Occurrence of Trace
Elements of Blue Amber from Dominican Republic and Mexico[ J]. Rock and Mineral Analysis,2022,41(2) ;272 —280.

[DOI: 10.15898/j. cnki. 11 —2131/td. 202108040092 ]

ZoRIE S 0 RFIE R 8OOt - pi ROk iR L R
AT FFAERTF 52

x)EA kAT EER, K, ', K, ErY
(1. WYL 7 RIS 42 A P A B 70, WYL AW 310013
2 WHT Tl S bRl 5 TR, WHT o 310014)

WE: k0227 THARMERE 2HF 556, LW RAH LR B A EFIAES Z 52 60 B
BIBA F by KA, Rk, B2 AR B RE R L F &R AT W5 A AR KR,
A EZ S AP X JHERRAXE N P E mRFRARTRT & A 50 3 7 ey R AT 5T, 12
P T I 2aM e £ R, RE =330 69 8 5 SR A AR BB, B30 5 4 m X & 5L R 64 5 Rt R
AL AT ERAME XSG XBEOAEN T EHOEATRTRXAR, AL A EKLR
(Photoluminescence ,PL) 53 & XL G MEAZ M 2 K Rt F B 5 20T H A RE w3468k
S AERAHETARL, EREAA . DFRT, £ 4050m A3 L kK89 PL kb, %k Rim ik R
Bf i I25 450 475 5 502nm AL, AR TF, B I3 R L AR, A B Z s iE Eh 09 PL kg £
TP T AR Ay R T 6 AR, QA VA T85nm A AR KM RE T, S R R Y 154,
468 901 1177 % 1312cm ™' 48935 FI6 8 B -F 130 8 Lk A5 B AL 690645 & AP R, BB, % K Rk sa %t
635 5 1653cm ' 5 1446em " A IR AR N(N = 1,45/ 1, 4 ) P 2.5 T B 059 15 30 69 ik ad 45 poAd ; @A
FEHIE P AR HE S SiFels Cu, HA SR IHEMS >Si>Fe>CuBiE, AT, KRB AnikH
¥ Cu L& — & TE2HFHE#H, B Cu RASZHIETEA % KRl 205 R 62 EIRIEZ —

KEER: B PR, ERA R, I bE; X HARELE; mEALL; A

£

(1) ¥A405nm & Rk K 6918 4 X R BA R AENS R TR S R Rl 2053 = 3069 0% FRAIEF T

(2) ATHIZIERXHERELLENTIL S KL E2BF 2B P RANRILENRESHMETE
W AF TR L6 P HRIER

(3) BAARE ZHEHRILZ BN RE M5k KX AR,k mith Z R emE 2HTHH
KR R 545 4E

RE S ES: P575; 0433.4 MERARIRAS: A

UrFS HEA: 2021 08 -04; {&E HEA: 2021 - 12 - 10; EFHHEE: 2022 -01 -30

EE€WA: FxARPAIEIUH (51604242 ) 5 Wil i35 WA FHIITRIITH (ZC2021A039 ) 5 #ii YA JLAl A 25 0T 58 114
15 H (LGG21F010003)

S—1EE XIFAE, TR, EENFT Y LT EAMERINRT T A/, E - mail: 504933808@ qq. com,

BEESE: ™R, B, SR TEN, FENFTYINEE N T T AMBII ., E - mail: yanj_zjut@ 163. com,

— 272 —



52 1]

XRS5 Z2OKJE g Sa Y RRIE HDEEURDE - 1806 MR TR AR IE TS

H41 5

B3R, b AR e R AR AU = AR R
5 SR R BEAE 223 LT 7 4R R sV I T E
U — AU A RS R 2
SRS IR A (Y 22 M FE RS G o 3R B
I EA R GO BRI AL A, R LAY 6
AP EMEERI A Bk 2ok ik
FE e AL B 2 s, B 9 BT 4 ) A [ A — S 1Y 7
o I, Z2oR R AN A (R AR 22 K JE g
™) BPOEBIN 2 9 KK e 5= 6. S 08 A
e AR T Z MG, D R iEE. KL
oK, AT 3 A RAT IR €8 s 5% (e i W 3T
DA A, PRI BR300 % i F A 2 R BR T 2
DK JE AR 7= i Jes A 1) i 30 10 22 oK JE 3L
7 M P ) S 3 LT A B B O B RO
CHE” . A, BEE WSRO D
TFRAUBRACE LB 55 3 T3 A, (A3 i 3R Y
TP A ELRFEREE T, 4T 3 FA 0 1 R L (B LA
ZROH BB XTIE IR AR, s i 2
LI ZR eI 37 T LA & . R, SR
(B XRG4 0 3107 S 93 ARG e A 18 A
ARZ R IR AR B3 19 3 ] TR

Brody 4" FHLE Y 1 Jig T 331 15 HLAR ]
At R ELRR I (4 D6 X ELAIT S, S BRI A B2 A 48 5
PO THAR I, ERIRE SIORES R
2 TG 0 Xk r T R P e S AL M R B A LA
L% (e 22 oK Jein i) 7 B BEAREAT TR Y
Bro Gaigalas % F A B 5 BT A 43 3 F1
T A 3R LA B O0k 24 AN [a) 7 i A 3% 2l ]
EAIE €D .0 S FE RN AT T, Bk
HAP M 0 U5 s T RE TORT R fR. WA R OR A
X SEOEH T RENE SRR G — o e Tk s b
PO 2 ) B %0 B0 TEE B B B M M8 58 T LT 28 18
Ul E 2= 2SS BURAN A S/ SO R E A NN NE S
JEN A fa) LT PSRN R Y B L
IR  WHTE AR R —E S SRR B H
BASREAE Sy 7= st 9 U5 ) e PR " o VLERBY
S 4B S e 1 (BRI 365nm ) X 2k
JE S5 PSR S A0 ) AT T X R, 4 AR
7 L PRGN S 1) i B A R L MBI B e 7 A7 A
—SEMIZE Sk Zhang S5 43 I B 1 £ 0K
JE S5 V5 RF 4 ) A L TR T = 4ROt
TERTLE, F8 TR L BE R A5 BRI RO
11040 Zr En] L, AL 5 B R S0l X8 65 3
TR S E 2 JE ik TR A I ZL M, B2t |

PTG S i 95 5 WG I B RRAE . SR T,
ARSI T 2 v BT B AR R I e A e H TR
Jo s SRR, S 36 2 I AN HA 1, DRI 0 35 5 s 1
b2 alll i pA - SR o TR B O N B N T
7B FEAL 5 2 [ T e S R B R K 5 A A
PRSTE Y ik T 52 B4 RS2 AR SR ), S BOAR [R]
P BEIA MG 2 R A AE — € PSSR, e H
R TR FFVRS N K 8 3 ) 7 b 051 o e e B K I BEL T
SHORMERL

Y63 K& Y66 1% ( Photoluminescence , PL) 75 #1 K}
WU A ) 1z BB, I SE AR A B R A
@/ TN <52 AW e 57 S DR A1l
U R R AR E A . (HAR R E AT, Ak
P 405nm U GIR MBS I PL OGS A G 9T T
VR DL 4, JCHOKE PL G A ) 5 A 5 /0 iy
TR RS . SR, B DS A
[Fi) 7 e 4 3H ) 2 -5 Tl oo R AR AR X 1
PEWFSE AL [ FE R L BRI R . S8 T, A TAE LA
405nm PR A% L PL OB DL 785nm
V-2 S NOENAL B £ RER T DIV WL TR
TERE T 222K JR Jin -5 55 74 BF 7 M & 3R 0 X FU A5, LA
S99 E R 7 3 A 0 U R L B RS S
3 AR 5 125

1 S5y
1.1 FERh SR

WEIARE L B T MAA R 3 2T ),
BB et 5 T VLA B 4 B A o O A 5 P
(GGC) W FEAEbRAE . Hovr . 7 B 2K Je ISt i (= i1
WEF 19 B, FESARIC Y DM — 1 ~ DM - 197 § 8574
BHAEEIA 22 By, MR ARic oy MXT ~ MX22, &4
B2 AT B 52 R s N By Btk v e, 3845
RGO DL 1o Joxof b AE W i 5 2 061
S R THD T AR A 25 R e, R 0 A AR AR LK T
AT ) HI SR BT A6 W 1
1.2 FEEIGATT T

R G IR R Mobilephone Apple VIIHF#%

(D) P i, RIS A Hf F ) A
MUE e IR 3l 5 R RRAE , R TRE R 20815 7
Bro MR FHYEE Renishaw 23 w] inVia BY 5 {3 £
WOt P = o 3% A 3, Wk OB TR 785nm , S
12001/ mm , H AR AR, 100 A BE .
JLFE 2 3200 ~ 100em ™' 94t E] 158, &0 3 X,
WOtEEE 10% ~ 100% , [F], Sh i 355 & 1) W58

— 273 —



%2 o

http; // www. ykes. ac. cn

a0 Wt

2022 4

XFHG, MR ZE SR AT TR L AL IE , (B R &1
AbFH

(2)PL OGS o SRS [ 7 0 1  AO
FHIE, #617 PL OGS . FESD PLOGISRRAER T
MERIE 2 7 GEM 3000 #2840 ] WG TEACFE & |, %
KYEUR 405nm, 0 53 G Bl 200 ~ 1000nm , FH 43 i) ]
20ms , “F-HREL 20, F- i S8 BE 1, WA Sk 1 EAE
FM o Ayl G VR g B AR T R TR o, 7E DU
RO TRRE R B 20%

(3) X D CTE /3Aro SRkt LEAS [R] 7 i
HWMME TR S E 25, T eE T Z MR, A
i ED - XRF ¥ 5% ] H A< SHIMADZU [ EDX7000
RUOGE ST A AT A, 4 R S0k, 80 F e
None, DT% : 30, #fE H #% Smm,

2 ZR5vhe
2.1 PRSI

ARSI i 22 oK e i3k ) 5 58 v AF e e
HEFR BLRLRE SO B L 1, B B
S FITE B ARG X i R £ ( AP BT () 535
JERHEAATE — B R LR RRIE . HAE Ry 5
PR M T €8 G R R AE [FRE LA AR . #R
LRI DL 35 PARY AR O 5 140 D 3 0 7 e 7 99 3052 468 1) £
FERR BIMERE , AR 1E PR Gt £ Bh JGH 353 A A6 0
VAR R R RGN 235 SR 55 L ) e 14 4 T e i
A 1) B9 Y5 s R R Bk W EA AE 5 ) AR R A
Z—o
2.2 ZRJEMEMN S S ERTN PL SH%

Y 22 SRR

BT 2.1 AT I PR BRI 1

FAP O AEAEAR JCHE B[] INF 445 25 24 i ] 45 4 52 0

(2) ZoRJE %0 [ 31

10mm
e

Pl ZoRJEMIERA () 5206 BRIEE (b) DRI A

FHME RS ZEARTT WA BT RN $
YEMESR RN 7o BRI, AR TAEP e B F H
BRI A DG 52 6 5 317 R 458 1o 1 25 ] L T8 L
SHCIEAE &, L)L 405nm A3k 6T, 7E IR T
HE—2 5k bR 7 M F1 T LA PL OGS REAS I, A
ERILE 2, HHE 2 Hoa b RS 20K Je i i
HIRY PL 3% &, DA AP 8 B 0T D0 22 oK J& s # R 5 o
BT L4 449 475 % 503nm Ab f4RAE I, HLR A AR
sty 25 [ — A ot 7 1 T T P R U 0 S A AR A 1 — 3K
P, B IR RRAE AL 5 RN IT IR 1 22 0K Je i #E B AE
365nm P LGRS IEIEIE BT AR S RRIE
W SE A A, MR, ARG R R B
IR IR = AL A RAE A7, T AL AE 2 462nm 5 477nm
Ab8l 482nm 55 497nm SEAL H BLEL S5 ARG , 43551 I
2 e d FiaR . HIBE AT L, b A 7 b E X
() PL G35 A7 76 A% B S 4 AH S, DLt R A
REAIE T Sy v 7 A 1) 6 R BRI SRR i

5 ICRI T, PR AREAS [F) 77 1 i 30 i hr =2 1
XF FEHERIFFERE D A AR vh 43 il 2 K Je i i 30 5
SRV AR A TR OGS A I, AN W] 7 b W Y
o it OGS 7 R8T T 2% 1T 9 hr 2 3% D 181 3 (T P
T ap” BT VI ZI T, “op” A G B A R «%
W PR e RS H,50% B RE R B H0LE N 50% ) o
XoF EL R = b R 5 () Raman 335 B 0] 51, 35 4L
BN HEA (B 3 Hab) o (HHERER X [A]
T LAXS E AT AR B, 5850 Je B R AR W A3 A7 AE 5 BH i
(26 5 , BARRIAE : ORI 40T AH LG 22
SRV R HNN 5,19 2K e i H17) Raman 3% ]
HI7EZ) 154 468 901 1177 J% 1312em ™" ih 7 B i
745 55 PG B FPUAH I A7 Ak 118 U 7 B A o S B
BAL(EI 3 e de) ; @it — X} b & ILL A IE J5

(b) By EFEE

Fig. 1 Optical photos of blue ambers from Dominican Republic(a) and Mexico(b) , respectively
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Occurrence characteristics of trace elements in ambers
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Characteristics of Photoluminescence and Raman Spectra, and the
Occurrence of Trace Elements of Blue Amber from Dominican Republic
and Mexico

LIU Jinhua' , ZHANG Jian®, YAN Xuejun', HUANG Xuebing' , XU Jiang' ,
JIANG Xinran', YAN Jun'?**
(1. Zhejiang Fangyuan Test Group Co. , Lid. , Hangzhou 310013, China;
2. College of Materials Science and Engineering, Zhejiang University of Technology, Hangzhou 310014, China)

HIGHLIGHTS

(1) The unique spectral characteristics of blue amber from Dominican Republic and Mexico were investigated using
portable photoluminescence (PL) spectroscopy with excitation A =405nm.

(2) Based on energy dispersive X — ray fluorescence spectrometer ( ED — XRF), trace elements were compared
between Dominican and Mexican blue amber to explore the origin of blue amber.

(3) A comparative study was carried out on the different subdivision wavenumber intervals of the Raman spectra of
blue ambers from different districts, and the identification characteristics of the blue ambers from Dominican

and Mexico were proposed.
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ABSTRACT

BACKGROUND: Blue amber is mainly produced in the Dominican Republic, Mexico and Myanmar. Generally
speaking, the formation mechanism, composition and spectral characteristics of blue amber are closely related to its
specific geographical environment. Therefore, the study on the origin of blue amber has become a hot topic in the
field of gemology, archaeology and biological mineralogy, and the origin of geographical districts of blue amber has
become a hot research topic. Previous studies mainly used infrared spectroscopy, X — ray fluorescence
spectroscopy, mass spectrometry, and isotope tracing to carry out a relatively systematic study on the origin of blue
amber, but were limited to the similarity of blue amber, and the spectral characteristics of blue amber from different
origins showing similarities. Due to the low popularity of the application of some detection devices, the application

of the detection method based on the above — mentioned corresponding devices is greatly limited.
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OBJECTIVES: To identify photoluminescence (PL), Raman spectroscopy and trace element characteristics of
blue amber with different origins.

METHODS : Photoluminescence and Raman spectroscopy combined with trace element analysis were used to study
the spectral and elemental occurrence characteristics of blue amber from Dominican Republic and Mexico.
RESULTS: The results showed that: (1) At room temperature, using PL spectrum with 405nm as the excitation
wavelength , the peaks at 450, 475 and 502nm appeared simultaneously for blue amber from Dominican Republic.
In contrast, there was no significant characteristic peak in Mexican blue amber. The differences in PL spectrum of
blue amber from the two origins can be used as a direct basis for the traceability and identification of its origin.
(2) Using the Raman spectrum with 785nm as the excitation wavelength, the Raman peaks of blue amber from
Dominican Republic at about 154, 468, 901, 1177 and 1312¢cm ™" were more prominent or sharper than those from
Mexico. The ratio of the peak intensity at 1653 and 1446cm ™" (N =1,45,/1,,46) in the corresponding spectrum of the
amber from Dominican Republic was significantly higher than that from Mexico. (3) Trace elements of S, Si, Fe
and Cu were present in the blue amber from the two regions, and the content was S > Si > Fe > Cu. The content of
Cu in blue amber from Dominican Republic was generally higher than that from Mexico. Therefore, the occurrence
and content characteristics of Cu can be used as one of the evidences for the traceability of Dominican blue amber.
CONCLUSIONS ; The research work provides theoretical and technical support for the origin of blue amber with
different geographical locations. It can also provide a salutary reference for identification of the geographical location

for other gems.

KEY WORDS: blue amber; origin traceability; photoluminescence spectroscopy; Raman spectroscopy; X — ray

fluorescence spectrometry ; trace elements; copper
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