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Abstract: The newly discovered high-quality green jadeite in Guatemala is comparable to the high-end green

jadeite from Myanmar, gradually becoming an important source of high-quality green jadeite jewelry materials in the
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domestic jewelry market. However, research on its petromineralogy and typomorphic characteristics remains rela-
tively weak. This study selects a large number of Guatemalan high-quality green jadeite materials and jewelry that
have appeared in the Chinese market as research subjects. Through microscopic observation, laser Raman spectros-
copy, EMPA, and other testing methods, a systematic analysis of their mineral assemblages and compositional
characteristics was conducted. The research findings indicate that the high-quality Guatemalan green *“Mayan
Green” jadeite materials appearing in the market are primarily composed of omphacite minerals, with secondary
minerals including phlogopite, phengite, zoisite. Omphacite can be classified into three different formation stages,

Omp- 1,

Guatemalan green jadeite jewelry are mainly composed of omphacite formed in the Omp-III stage, characterized by

II, and III, based on its mineral assemblages and their interrelationships. Among them, the high-quality

relatively low Mg (average 7. 59%) and Fe (average 1. 57%) contents, relatively high Cr content (average
0.24%),

ent segments of the Motagua Fault System in Guatemala possess distinct mineral assemblages.

and a jadeite component X;;>0.5 (average 0.53). Existing research indicates that the jadeites in differ-
However, the high-
quality green jadeite jewellerys studied in this paper exhibit a relatively uniform mineral comnosi'on i1 the domestic
market, primarily composed of pure omphacite. They may contain two specific metal mine ‘al inclision . chalcocite
and nickeline. The endmember composition and mineralogical characteristics st ww significa t d/fferences compared
to other sources of high-quality green jadeite, enabling effective differei 'tia ‘on betv sen high-quality Guatemalan
green jadeite, traditional Myanmar green jadeite, and high-~uality gree'i ja leite <com other origins by providing es-
sential reference characteristics in petrology and' wir srai gy
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Fig. 1

Structural unit map and distribution of jadeite deposits in the Caribbean region of Central America(a) and simplified

tectonic map of the Central Guatemala Suture Zone (GSZ) (b) (according to Harlow et al. , 2011; Knaf et al. , 2021)
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Fig. 2 Photos of products (a) and raw material (b) samples of high-quality green jadeite from Guatemala
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Omp- I, Omp- 1, Omp-Il—three stages of the formation of omphacite; Mica—muscovite; circle shows dark metallic mineral
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Fig. 4 Microscopic characteristics of high-quality green jadeite samples from Guatemala

a—EZFAESC NG Omp- L, 2 078 53 b 1o JRURE H B0 ¢ €5 DAL B, B0 0 5 b— 2 A ARBR R A5 B9 Omp- 11, S L HATH S Omp- I, 540 ' ;
c— LA AE A Omp- T, BT AFERAIE 3 Omp- 11, IESCHDE ; d—FET Omp- I o BWEHRAT, IESC MG e f—Omp- T ETH =
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', FH; i—Z A SRS Omp- AU L, ATBAT UL Omp- T AYAIRKAIZARERAY, B HLSS 5 j—Omp- I W T & ZREH 314 Omp- 1

SRR, HHET; k24 Omp- 1 5250 ZRESZEUR L, T 1—Omp- I ] WA A1 5 Omp- I I95RAY, 1
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a—Omp- Il with a fiber interwoven structure, the green portion corresponding to the green clumps in the raw material,, single polarized; b—Omp- Il
with residual structure, green clusters as Omp-1Ill , single polarized; ¢ —Omp-1ll with a fiber interwoven structure, residual Omp- I in the cracks, or-
thogonal polarization; d—chalcopyrite encapsulated in Omp-1IIl, orthogonal polarization; e, f—Omp- 1l is encapsulated in phlogopite/phengite and
embedded as a whole in the residual cracks of Omp- I , orthogonal polarization; g, h—Omp- 1 ( gray black) and Omp- I ( gray white) are inter-
twined, BSE; i—phengite interweaves with Omp- Il , with fine veins and residual metasomatism of Omp- | visible inside, BSE; j—Omp- Il is encap-

sulated in phlogopite, and the edge Omp-1Ill has a metasomatic relationship with phlogopite, BSE; k—fibrous Omp- Il interweaves with phengite,
BSE; l—remnants of sepiolite and Omp- Il can be seen, BSE; Omp—omphacite; Phl—phlogopite; Phn—phengite; Zo—zoisite; Clc—chalcocite
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Table 1 EMPA testing results of omphacite in high-quality green jadeite from Guatemala
MYG-02 MYG-03 MYG-04 MYG-05 MYG-06
s
il| il| I I I I I I | I I I 1 1 I I
Si0, 56.77 57.66 56.77 56.84 56.44 57.45 57.54 57.07 56.56 57.26 57.01 56.24 55.62 56.73 57.03 56.57
TiO, 0.09 0.02 0.07 0.09 0.32 0.12 0.18 0.17 0.09 0.08 0.08 0.05 0.02 0.20 0.10 0.04
Al, Oy 10.79 10.95 11.04 9.65 9.59 12.41 11.70 11.98 8.60 11.67 11.55 9.35 8.73 10.70 10.96 10.01
Cr, 04 0.34 0.14 0.03 0.01 0.23  0.27 0.41 0.00 0.25 0.10 0.12 0.05 2.00 0.43 0.15 0.17
FeO 2.74  2.88 1.89 2.01 4.62 1.86 1.77 1.87 3.05 1.42 1.93 6.66 7.28 4.69 4.22 2.86
MnO 0.03 0.00 0.02 0.09 0.02 0.11 0.04 0.00 0.00 0.08 0.04 0.07 0.00 0.05 0.09 0.05
MgO 8.59 8.49 9.26 10.07 8.22 7.90 8.52 8.29 10.10 9.02 8.72 7.76  6.69 7.57 7.68 9.31
CaO 12.69 12.89 13.29 14.41 13.04 11.79 12.57 12.23 15.41 13.05 12.78 11.93 10.76 11.58 12.13 13.97
Na, O 7.33  7.26 7.37 6.63 7.02 8.39 7.388 7.92 596 7.34 17.71 7.85 8.72 7.93 7.71 6.93
K,0 0.01 0.01 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.02 0.01 0.00 0.01 0.02 0.02
8 s 99.38 100.28 99.73 99.78 99.50 100.30 100.11 99.53 100.01 100.03 99.96 99.97 99.81 99.89 100.10 99.92
Si 2.02  2.03 2.00 2.01 2.02  2.01 2.01 2.01 2.01 2.01 2.01 2.02  2.02 2.02 2.02 2.01
Alv 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
AV 0.45 0.45 0.46 0.40 0.40 0.51 0.48 0.50 0.36 0.48 0.48 0.40 0.37 .45 0.46 0.42
Ti 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 Fr:O 01 0.00 0.00
Cr 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.01 0.00 0.00 0.00 .06 0.01 2,00 0.00
Fe¥* 0.01 0.00 0.05 0.04 0.02 0.04 0.00 0.02 0.02 0.0 024 0.15 0621 0.20 0.03 0.06
Fe?* 0.07 0.08 0.01 0.02 0.11 0.02 0.05 0.04 0.07 0.04 .01 0.05 0.0x 0.08 0.09 0.03
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ).0G .00 10.¢( 0.00 0.00 0.00 0.00
Mg 0.45 0.44 0.49 0.53 0.44 0.41 0.44 0.44  0.54 0,47 . 0.-5~70.42 0.36 0.40 0.41 0.49
Ca 0.48 0.49 0.50 0.55 0.50 0.44 0.47 c.6 0.59 0.9 2.48 0.46 0.42 0.44 0.46 0.53
Na 0.50 0.49 0.50 0.45 0.49 0.57 0.5y \ ] 0.41 0.50 0.53 0.55 0.61 0.55 0.53 0.48
K 0.00 0.00 0.00 0.00 0.00 0.0 ) 0.0 0. 6o 0.00 0.00 0.00 0.00 0.00 0.00 0.00
J8s 4.00 3.99 4.02 4.01 4.01> .01 3.78.4.01 4.01 4.00 4.01 4.05 4.07 4.02 4.01 4.02
Quad 0.50 0.51 0.50 0.55 520 0.4 0.4 “0.46 0.59 0.50 0.48 0.46 0.39 0.46 0.48 0.52
Ae 0.01 0.00 0.05 0.04 0.3 0.4 0.00 0.02 0.02 0.00 0.05 0.20 0.34 0.07 0.04 0.06
Jd 0.49 0.49 05 0.41 0.45 0.53 0.51 0.52 0.38 0.50 0.48 0.34 0.27 0.47 0.49 0.41
P40 Omp Orp " Mmy ) Omp  Omp | Omp Omp Omp Omp Omp Omp  Omp Agt Omp  Omp  Omp
) TN R BT ARE
FEf e\ .
| I} Ill| | 11| i1 I} 1
Sio, W 57,28 57.68 57.49 57.73 57.70 57.27 57.01 57.11
TiO, 0.12 0.15 0.09 0.08 0.14 0.14 0.06 0.09
Al,O4 13.65 15.28 12. 85 15.18 12.95 13.32 10. 60 12.55
Cr, 05 0.22 0.02 0.17 0.32 0.57 0.58 0.02 0.18
FeO 1.31 1.26 1.70 1.42 1.69 1.53 1.59 2.07
MnO 0.00 0.04 0.06 0.02 0.08 0.12 0.13 0.02
MgO 7.60 6.71 7.99 6.49 7.43 7.22 9.48 7.85
CaO 10. 57 9.71 11. 69 9.22 10. 89 10.78 13.79 11.32
Na, O 8.79 9. 40 8. 14 9. 60 8.32 8.83 6.78 8.21
K,O0 0.01 0.01 0.01 0.02 0.00 0.01 0.01 0.01
JoSy 99. 56 100. 26 100. 19 100. 10 99.77 99.79 99. 48 99. 42
Si 2.00 2.00 2.01 2.00 2.02 2.01 2.01 2.01
ALY 0.00 0.00 0.00 0.00 0. 00 0.00 0.00 0.00
AV 0.56 0.62 0.53 0.62 0.53 0.55 0. 44 0.52
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cr 0.01 0.00 0.00 0.01 0.02 0.02 0.00 0.01
Fe** 0.02 0.01 0.00 0.01 0.00 0.02 0.00 0.01
Fe?* 0.02 0.03 0.05 0.03 0.05 0.02 0.05 0.05
Mn 0. 00 0.00 0.00 0. 00 0. 00 0.00 0. 00 0.00
Mg 0. 40 0.35 0.42 0.34 0.39 0.38 0. 50 0.41
Ca 0.40 0.36 0.44 0.34 0.41 0.40 0.52 0.43
Na 0. 60 0.63 0.55 0. 65 0.56 0. 60 0.46 0.56
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
B 4.01 4.00 4.00 4. 00 3.98 4.01 4.00 4.00
Quad 0.41 0.37 0.45 0.35 0.43 0. 40 0.53 0.44
Ae 0.02 0.01 0.00 0.01 0. 00 0.02 0. 00 0.01
Jd 0.58 0.63 0.55 0.64 0.57 0.58 0.47 0.55
SR Omp Omp Omp Omp Omp Omp Omp Omp

LI 6 MEET MR BRI T Jd— £ ; Ae—3%5(1; Quad—Ca-Mg-Fe #4125 ; Ag—35a#5 4 ; [—Omp- 1 ; T—Omp-1 ; TT—Omp-1II ,
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Table 2 EMPA test results of secondary minerals in Guatemalan high-quality green jadeite raw materials
K5 MYG-03 MYG-04 MYG-05 MYG-02 MYG-05
75 1 2 3 4 5 6 7 8 9
Sio, 39.80 55.47 51.67 39.46 39.21 38.90 53.07 38.67 56.57
TiO, 0.31 0.03 0.09 0.25 0.24 0.24 0.16 0.12 0.00
Al, 04 19.01 21.37 25.13 18.73 17.21 16.59 24.21 30.04 21. 66
FeO 6.07 0.75 1.09 6.22 7.06 7.06 1.23 2.95 0. 06
MnO 0.13 0.03 0.09 0.03 0. 06 0. 06 0. 00 0.07 0. 00
MgO 19. 44 6.28 5.05 19. 37 19.77 19. 81 4. 80 0. 06 0.00
CaO 0.01 0.01 0.00 0.00 0.04 0.04 0.02 22.78 0.04
Na, O 0.25 0.22 0.24 0.46 0.47 0.47 0.23 0.01 9.95
K,0 10. 31 11.48 11.42 10. 39 9.81 9.81 11.33 0.00 1.02
EiE 95.33 95.63 94.78 94.91 93. 88 92.97 95.04 94. 87 89.32
Si 2.83 3.67 3.47 2.83 2.85 2.86 3.54 6.13 2.10
ALY 1.17 0.33 0.53 1.17 1.15 1. 14 0.46 0.0 0. 00
AV 0.42 1.33 1.45 0.41 0.32 0.29 1.45 L6l 0.95
Ti 0.02 0.00 0.00 0.01 0.01 0.01 0.01 0.91 0.00
Fe* 0.16 0.04 0.06 0.12 0.11 0.10 0.07 0.0 0.00
Fe?* 0.20 0.00 0.00 0.25 0.32 0.34 0.00 J.39 0.00
Mn 0.01 0.00 0.00 0.00 0. 00 .00 0-00 0.01 0. 00
Mg 2.06 0.62 0.51 2.07 2.14 217 0.48 0.01 0.00
Ca 0.00 0.00 0.00 0.00 0. 00 0.49 0. 00 3.87 0. 00
Na 0.03 0.03 0.03 0.07 0.07 .07 0.03 0.00 0.72
K 0.94 0.97 0.98 0.05 .91 0.92 0.96 0. 00 0.05
a8 s 7.84 7.00 7.04 AV B . 89 7.90 7. 00 16. 06 3.82
PR Phl Phn _Bhn P Phl Phl Phn Zo Anl

=B A AL 1125 6 MRS BRI B E T Phl—4& b Phn—Z A =B Zo—#A 47, Anl—J7 B AT,

*®3 TEFHBEREMNT AR METELCA
bl 2 ‘whecaineral composition and tectonic background of jadeite raw materials from different origins
PN R YR I 3
ik s]1E e AR
fa b thhy, SLES LA Wi, kel WA, . 2RO AR 58 A z;f‘}

{ Harlow, 1994; Harlow et al.,
Knaf et al.,

2011;

fathth

2011;

2021)

iy SR TG v 0
(Harlow, 1994; Harlow et al.,
Knaf er al.,

2021)

HEL4GH (Knafet al.,
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e AR

fill £,
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etal., 2021 FEREE e
O EtX
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etal., 2007; Abduriyim efal, A1 g WA SREFA . BHINE A M& A, W St FFE SRS
2017) i
] 7% LI — 8 1 e o i
it 4 407X (Hughes i, s WA, s WG, st lwnia, Ak 0 i e T R o i B

etal.,

2000; Gardineretal.,

2014; Shietal., 2009, 2012)
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5, HAR 35 R A G BB B w7
WA B A oAt — i O 7 Wk A TR s BRI
W) b H g s AR R BT A B i A
WA st ot MaEZR A
+: 8 %) ( Hughes et al., 2000; Shi et al., 2009,
2012; Gardiner et al. , 2014) . HZARZ )| #1X 15
AYEERAET YA DU I — R A0 7 sl s
Sr & ¥ N Toigawaite [ SrAl,Si,0, (OH), - H,0] .
Rengeite ( Sr,ZrTi,Si,0,, ) ( Miyajima et al., 1999,
2001) S A HEAE, A LA & Se 4 F 2 B A
AT~ ARF B A FIRE T A1 45 T S L T RN 4 ) 35 AR
RILBYE Ba 79 (WsERELA BN A KA
UK A7 25 ) £ B A 35 28 T AR XS 2D (Morishita
et al. , 2007 ; Abduriyim et al. , 2017) , "H 3P H X
F5ARAE — LEYCE ) b WA DX, i MY ) J2 S
L iy 5 B T 22 v L A0 7 35 27, 5 AT R ) ) R
P38 SUEA W 25 DO R, MFS 7 & 1 35 425
Wi - Y G (AT A + W5 TN A £ 08 ) ) bR
AR AR =BT YRR Z A2 6 B
bl Hath @bl Ba BRI S R
EAIN=DRIVE 2 S Paa vl R SN /K RSPl
A Bl 9 5 G P b R YR Harlow, 1994 5 W larlow et al.
2011; Knaf er <7, 20200

A A W v e i e S 2 5 R T T ) A
JSUAFIXT B — o A Sy I B 2 A, DOk B I
Yok HAh 7 o AR H UL 8 = BF B A A AR
M 220k 1 2= B 1 L 90 AT DL B IX 4 JHE 55 40 ) 35 7
(B XS TN 4 (8 st A i, HE - 2 A
T HARAN W ok 3 5 S Fr AL A 2 R X
L2 W] BE 5 0 A b v b DCHA 35 2 7 TR G A I
SR A X577 M T — S A G )
LR — 1Y) B I AR e A TE

X T 5 A G5 AR AT SR A LS4 I TE &
A R TN 25 0 sk A2 o0 B vk (T BRI
85, 2022) VA B E RT3 AT X B
FROE, G52R N 7 B, 3 A ) 35 22 LURE £
RURy 3 B 25 Fe™ £ By, M) 55 A1 i 5
FEAT, 6 Hb B R 35 AR 0] e 2L A RS A B R R
B AU LK AKORE R AR A Fe 4 f) 35 2R Ca 7 B3
15, T AR 0 s b B 47 757 o T ¢ €6 345 R 22 4
WA RY FARER 73 Ry Fe e BT 1) 180 B 4 23 ) Omp-
L, DAY Sk AR 98 3 A S 3 o Ja o] i ot Jo s s 6 437 ¢
AR5 R ZH0™ 1 i £ AR X

Quad (Wo, En, Fs)

o Omp-1

O Omp-ll

@ Omp-lll

O aifil

O fEHh bk

é% o K Wti \

Id Ae

B 7 S TR 5 2R R4 35 5 WA ) Ae—Quad FiR
R E R 4 Morimoto ( 1988) 184 ]

Fig. 7 Jd*’Ae~ Dua species aiscrimination map of pyroxene in

Guatemala | ang, Myanmar jadeite (according to Morimoto,
1988)

Jo =M, Wo—HEK A ; En—ill K ¥EA ; Fs—EMEf1; Ae—35 A5
Quad—Ca-Mg-Fe #A7 LG ; 4R35 2R BRI (Shi e al. | 20125
BRAS A, 2020) , f i SR ACRPE R IR (BRAGT245, 2020)
Jd—jadeite; Wo—Wollastonite ; En—enstatite; Fs—ferrosilite;
Ae—aegirine; Quad—the total amount of Ca-Mg-Fe pyroxene; data
sources for Myanmar jadeite (Shi et al. , 2012; Xue Haoyu et al. ,

2020) and Guatemalan “blue water” jadeite ( Xue Haoyu e: al. ,

2020)

4.2 SREBHMBNFZEIERZN Cr,Fe FEXH
=LA

PR B EITCER AT T R R SR
5% (Harder, 1995; Jifi Y% i 55, 2005; Mk 75 9% 4%,
2011; Abduriyim et al. , 2017; RIUESRZE, 2024) Ik
gt 5 AR A0 B Cr TR B TG L D P
BT Cr SRS Fe JCZ BYSLMA , 405 KOk
T Fe 80, H—Ub B0 15 M D47 358 d 3=
Bi Fe TUR B, b T fff =5 i 00 A 2 hr €0 35
SR EE 0 R A R RRAE 3 5 X R B (8 TReO-
Cr,0, F AT HE 4B , -5 008 20 /AR5 1 A
v 3 €53 14 4 i) 535 2 01 65 1t 5 7 35 58 (%) 1 43 B 20 £ 7
XFEG 25 RN 8 s, MRl 8, 48 4 (0 R 51 35 5%
FHh Cr ot R H G EEUME TR IR
WAE T R A, K (<0.1%) ., BT
2 35 2 v AR T R A R AR S AR R
B AT B S5 0 R I O, BERY Cr L R BT R
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(0.2%~0.9%) WHEI . Fe 78K L8448 4 (1, 251
R R LU T R A (K28 <1% , T3
K 0. 41%) %t F— Lo HE A7 A2 ) 35 57, Fe 752
B (2% ~4%) , AT RE 2T 3OH: S I 4 - AR 4 (0 1 i
Wz —, fE 3588 Fe & K2 m T 40t 35
RCFEH 1.60% , REZBNT 2% ~5%Z[0) , ik
P SN R SN e S/ S Rt SN
fE L SFr 5 LF- A7 Cr JCE, FEAH Fe TGE
St 0 T — e HL A a2 (0 1) f b T R 5E 5R 0
FHE Fe M1 Cr AYFEIH

8

7
o] O ELE
O fahYg R R NH
6 © fi i S Had £ 5
C Omp- 1
Omp- 11
Sk 5 & Omp-lll
< b
a4k A
F3p [< ¢
20 (=] - 1
5o
2 BoY P e @ l
i 8 “ e B
o9 e B°
1 By S M
g &
0 %ﬁ;l__ AN N\ 1 1
0.2 0 ] 0.8 1.0
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Fig. 8 TFeO—Cr,0; composition diagram of high-quality green
jadeite from Guatemala
A 5 AR BE R VL (Shi er al. , 2012; BEMGTSE, 20205 AR A,
2020; ZEHFEL, 2022) 5 faHs R ARLIRAIORE, 2016; R
7, 2020; BEAETESE 2020, FALMEZE, 2022)
data sources for Myanmar jadeite ( Shi et al., 2012; Xue Haoyu
et al. , 2020; Zhu Yonggian, 2020; Qin Jingwei, 2022 ); data
sources for Guatemalan jadeite (Zheng Ting, 2015; Lin Chenlu, 2020;
Xue Haoyu et al. , 2020; Wang Lisheng et al. , 2022)

Xf FEAWTFERE G 3 G4 o e ik vl ) 2 3R
Omp- I Fl Omp- 11 19 Fe & AHXT 45, BARH 0 X
Sl (A AL RS (E 2 A A W S g T 30
WITAE Ry 8 it O A5 1l S 7 ¢ €8, 35 22 AR 38 3 19 Omp-
Wiy EAR R 2005 1 A K Fe Al Cr 1947
ik, He T S g f) = e RN AR DG . SR U, A
AF 5118 1o it B b, b 7 ¢ €0, 385 R AH L T 4 ) 2 €505
REA W R Fe (FYH 1.57%) I Cr (F3H
0.24% ) 5 5, FH H T3 30 A5 b By 2 4,35 2 (Cr

By &ty 0.08% ) WIHAT & Cr FAE, & b B A o
FLAG R AR AT e Cr R Fe 2R3, H Cr (5 &
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M, WA Y Cr 35 LS5 R A G ST
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e vt BT A1 b iy o £, 55 AR 3 B SR 0 A 2
AR 3 MR R RS Omp-1 F Fe
(4.69% ~7. 28% , V-3 6. 21%) , 55 71 %t 61 2H 7% 5
(0.07~0.34) ; Omp- I #HXF & Mg(7.9% ~10. 07%,
-1 8.86%), X,, 4 0.03~0.05,% 5 Omp- [ 524
E—i, 22 Omp- [ BB ET 20 s8 £
=Bk Omp- MTBEASER S 5 5 ¢ i i B3 1Y 2617
SEHEA, X,.<0. 02 4K P Mg (157, 59%) Fl Fe
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