Mine Engineering " 1lI T#%, 2026, 14(4), 921-929 Hans X
Published Online July 2026 in Hans. https://www.hanspub.org/journal/me
https://doi.org/10.12677/me.2026.144091

BUANEAFFHER B BRI

Kk 2
BB TR 2 BR B2 22 e, T8 AR

ks Hi: 20264F4H29H; FHHEM: 20264F6 H11H; KA HM: 20265F7H8H

H E

BLER—MIG=TEZREMNBEEG, BTERNGHNSE, RSMUESS ORI RE
“BIEL” NRHE, BIEETEREFARER. REA. BRERAAG. IRAHSHEHERBEN
B, XEZEGRAFEREG AU RABIRBE (BREEN - TR FEM RSO
WA XBHRTOCA R B BOGRLOFAT T SRR BEANRCEEZAR =N, K
WEHBRRETHAFRRE; KETYNEEREN, ABETESROEH, MERKEHANE BT
TERABETIEEREG o, Gl TIHEIE I E LA —ETTm.

XKigid

BOCA, BONE, SA¥HE Bt

Study on the Gemological Characteristics
and Color-Causing Mechanism
of Larimar

Man Zhang

College of Earth Sciences, Guilin University of Technology, Guilin Guangxi

Received: April 29, 2026; accepted: June 11, 2026; published: July 8, 2026

Abstract

Larimar is a rare gemstone exclusively mined in the Dominican Republic. Itis a copper-bearing variety
of pectolite, typically characterized by a distinctive “tortoiseshell” pattern composed of alternating
blue and white bands, with colors ranging from sky blue and light blue to bluish-green and milky white.
To investigate its gemmological characteristics and color genesis, this study employed conventional

MESIM: K2 WSUA R FE A ERHIE LB O], L IR, 2026, 14(4): 921-929.
DOI: 10.12677/me.2026.144091


https://www.hanspub.org/journal/me
https://doi.org/10.12677/me.2026.144091
https://doi.org/10.12677/me.2026.144091
https://www.hanspub.org/

K

gemological testing together with advanced analytical techniques, including ultraviolet-visible
(UV-Vis) spectrophotometry, Fourier-transform infrared (FTIR) spectroscopy, X-ray fluorescence
(XRF) spectrometry, and laser Raman spectroscopy. The results indicate that the color of larimar is
primarily controlled by copper ions (Cu2+), whose concentration directly determines the intensity
of the blue hue. Iron ions (Fe3+) influence the blue coloration, while vanadium ions (V4+/V5+) are
mainly responsible for the greenish tint. The bluish-green color results from the combined effect of
copper and vanadium ions. In addition, manganese ions (Mn2*) also contribute to the coloration of
larimar.
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Figure 1. Larimar samples with different colors
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Table 1. Basic gemmological characteristics of larimar
=1 OB ANEREAFHE

G B, T 7 W it o R
Ffdh 1 ) DL FIEY - RIEY 1.61 2,741
FEdh 2 e WEDGIE A& 1.60 2.882
P 3 PSRN WIOLPE - L0 PIEY - RiEH 1.60 2.750
Fi 4 e WG A& 1.62 2.785
FEf 5 SREN WD A 1.61 2.743
FEih 6 T - PG EW] - AEWY 1.62 2.776
BECERERIBE R RIS 0. BiEA. EAth, RiE6. At o - . EEOEIRNX

s, AT L ELRRR S TBURARBESU S SR 5 4 L8], MRl 7 LAY “ i 807 S50 . 2GR 0 3 2
FAIEHY: O DXIAE B G R IR TT o I 8CA M R — M 1.60~1.62, K1 IE % ZI B
RIS L2500 AN B BRI AE 2.74~2.90 2 [A]. FEERAMGH T, IBSUATEKBCERSDE T il
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ARUCGESLRFAESLES . AMERESLIE . FBuilsnas, DL X SR OO, 7e s p A H;
ARK BT Bk E U O M KA F AL = TR 1) BEERRIESLES: RA B &858 GEM-
3000 &4 - 7T W6 (Ultraviolet-Visible Spectrometer), i 46 14 A= 20°C~25°C, #J¥ < 65%.
F A R HNED ISR RE S AL-1. AL-2. AL-3. AL-4. AL-5. AL-6 347 %% EIRE A4 b
REWK:, #hAkyom™?, XAy 200 cm™~—1000 cm™t, HABARAE AT, X%y 0%~100%. 2) ZL4k
R SaG: SRR &5 Nicolet is5 & HLIH-21 4h %1 (Fourier Transform Infrared Spectrometer), I3
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AL-5. AL-6 il 0 55 35 14 s AR AT 22 IR A8 ER M 2T A6 v I, DAE R 0 AT 80 (R 2L 43 A2 75 23 52 T
WECA S . 260 IR AR BRI, A em™, X824 0cm™1~4000 cmt, ALK ST,
X35y 0%~1.0%. 3) 7 E ik sl . XA ABEOCH 26, XA88L5 5 zolix 300i, HOLAF N 532 nm.
785 nm, FHHTEH Y 100~1000 cm e GG EIRMARFR RN IE K, X 0~1000 cmt, AR IR
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AL-6), 435Il HUA A it L 0 R AE 5 0 3 1A AT AT AR, DA BT SL B AL R o o 4) XS 28 7% e e i AX
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Mid Zc PUFPHREE, BRI (]2 100 70 SEG [FEIFFER AT Bk 6 REta & 5 (e S0a A i, I DU Fhis
o A A FBE X IEAT T oo R i, SRR, WM MR e E= MBI LREEZR. A
TRAEECHE R AERA T ST, BN RE S 7E Mid Zb R R SREBCA L 1 0 37 I B 4 P 0t s SR AT
IRNARTE,  CAGHER ) e S0 AR T3 AR, FRER I e HB e 2 R I E o 3R .
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W 2 fios, WECARERS AL-1. AL-2. AL-3 Al AL-4 7E 697 nm Ab 3 FIL M A B 8 WSO 10, JFAE
500~800 nm 7t [l A 52 L SR Sy o B T BUR AR 1R OGS P 1 O 5 20 DX, AR B BN R
X VYRRE A R B 200 AR R R, A R R . A2 T, AL-5 FIl AL-6 Ff i 7E 400~800
nm 1] WOGIE FE P S B AR A B — B, R BRI IROSCRAIE . Ho, AL-6 {1 600~800 nm i ]
WAEIE— 26 I SE iy . H1 T 400~800 nm 76 7 MR 1. ZR BTG, 8. AN IeE, 44
P AN, AL-5 FES BRI 110 AL-6 B S U PR B IS R, S A
1 1 8 B0 TE RS

SRS L) Cu N ERS I 4Bt KA R[7]-[9]. Cu a2 HAMZ 3d Puid 1 ERiE
PRI ATEL, Cu*#ME Y 3d SUIETE[SIOLN* RIS TR AERER R, 7 RMBAHIE, Cur bz
199 M T A EIX LU RE 2L 7 MBS b, FHORE I %) L BRI 7E R D0 X sl 2%t 1 — &b BH SR (R R AL
XL REEN 1.94 eV [10]. HEAHSCHIAL, S0 BRI IOE — O ILTE 641 nm Aids, RV B
FHEE N 1.94 eV, FEN CuEE[11]. HAERESE - HAFMAER(AL-L AL-2, AL-3, AL-4)1HE80H
WA, BSR4 2 7E 500 nm~700 nm Bt {ER A5 B A B S [R) U4 73 A7 72 650 nm~690 nm, W4k

DOI: 10.12677/me.2026.144091 924 ol TAE


https://doi.org/10.12677/me.2026.144091

K

thy WA, WORSIESTE 697 nm B Il mI . W4kt - WA RIFE S (AL-1, AL-2, AL-3, AL-4)fiL
- 500 nm~700 nm At FH R RIS I, IOk RE IR - e B A /N T 1.94 eV ARAEAHSCHTTT Fey V.
Cr. Mn %765, JeTFRER/NT 1.94 eV [11]-[13]F M UCHIBSCH IS S (B - WEEFR T Cu JTR MM,
W HADEICERW: Feu V. Cr. Mn 2502 0HSUA AN R (b 25 3 e i [14] .

—— AL-1
100 - —— AL-2
—— AL-3
AL-4
AL-5
500 AL-6
VRN
. //\\ 697 800
& % e
: [ N
/ 50
O 1 1 T 1 T
200 400 600 800 1000

ek

Figure 2. UV-V is absorption spectra of larimar samples with different colors
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HAL-5. AL-6 #4318 7E 1500 cm ™ Ab A5 /N FE R IACHT . AL-2 7E 1055 cm L F1 932 e A ¥R B H B 2
Webde, BRI H B R e R IR OR B S OE &S . AL-3 £ 912cemt, 1050 cm™, 990 cm ! f Tt
TP AR 58 B BRI . AL R, AL-2 T AL-3 78 1 3R W AT I Ak 1) 56 B A At I S0 R D 59
JEECATT )1 P BEAA 50 53 AEARL, (LR S0 8 5 (1%) 25 S5 ) 430 BH 7 25 AL S 54 EARAE T X3 B 4h,
AL-5 [ROGHERE RN R, AVAE 470 em™L. 1380 cmL. 1500 cmt. 2919 cm &b FLA B & W it , T
A A B B TR PR PR R SR R 3 A s

HRHE Hammer (RS HHH[3] [10], #FE04 7E 1100 cm A1 1400 om ! BT AW T4 2 i OH JE [ (1) 25
fhARBN 5 AR . 7E 900 cm1~1100 cm AL X (o] Py, Si-O-Si 48 i - FR AR 4 3R 5 5 250 1 1% X $k Rl s
Ifi#E 500 cm™~700 cm L [X [a], W Scas E T Si-O-Si 4 i AR 4EIRSh . 1H4h, 400 cm™1~500 cm™ i [
PRI ST U 2 - Si-O-Si 8 11 25 W AR 2 I T B I o W 804 3 €350 23 (R IR AT g HH B0 AE 710 cm 1,883 cm 2 4tb,
XA R O-C-O BRI fhRBI5I L HT; T7E 1380 cm . 1500 cm* BT B A IR SC e, )2 E
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L2 R, AL-3 il AL-5 F6it B B T 710 em A1 1380 em B3 (RIS, 2R B HL & 7 A o
HHUE ] DLHEN, gECa i SR 20, TRE X IS G BRI T AR R

— AL-1
— AL-2
— AL-3
— AL-4
AL-5
AL-6

0.5

Reflectance

0.0

T T T T
0 1000 2000 3000 4000
Wavelength (cm™)

Figure 3. Fourier-transform infrared (FTIR) spectra of larimar samples of different colors
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W IR FL[16], LA (BHNAS 42) N4k 22 O NaCag[SisOs(OH)],  F-4 LALL AM 61 HdE i BNl , 7897
WEBH T SCH & —MEERR SR 7. tbAh, AL-5 Mg & C-0 51, UE T BtiBatah & fH
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Figure 4. Laser Raman spectroscopic characteristics of larimar samples exhibiting different colors
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Figure 5. X-ray fluorescence (XRF) spectra of larimar samples showing different colors
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Hb-A1 LIRS TE ) SEEG S5 5, T DAHEN Cu e 2 S BB SCH SR A EZE K . [ESERERE, AL
3FEMTFH Cu RSB T AL-2, HEEATREHA K AL-2, HILHEN Cu iR S BN Z DS HEY
WMGSUH W B R TR s RN, &R 2 it Bdn vk, A S RN 2 D Ma g sra K A E =k
i, T AL-1 FEfG, Bk Ca. SiZEEILHRS, BEHELER Ti. V. Mn, Fe EME LK. RIEAHE
BT, Fe SR MRS M A I G R S5IRE[8]; M Mm sithiEss, Fe¥ i S8R A
BUEBLENE . 4. SRR 2 AR AERAR[19]. S5EARIRE SN - A7 WIRISOG IS I SE 36 45 R S AT BT,
WS MIES TR TTREZ R V R Fe JLREAM . Bhoh, FAOESCHEFEM ALS R FEREILRS, REH
HAIRAIMEITCER . 46550 - AT WIRIBOEIE 5572 i ol g B, nr e 2 A s 22 T g
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3) WL SRR P — M RERR SR . B AN S ok R 2R RS AR, K
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4) Mo BUR PR SO EE R . X SERTOL TR, AR ELCh TS
BEREMERTR, MEAAPNESEEBIEREAN-WEER R, L, foRfeETEke 7
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