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Abstract: In this

characteristics of Longxi nephrite were analyzed by using

paper, the spectroscopic

Raman spectroscopy, electron probe, and inductively
(LA-ICP-MS) . In

the chemical composition was tested and

coupled plasma mass spectrometry
addition,
analyzed, and compared with Sanxingdui jade and Jinsha
jade. The results show that both the Raman spectra of
Sanxingdui amphibole jade and Longxi nephrite have a
characteristic peak of 674cm-1. The majorelement
mapping shows that the mineralization of Longxi nephrite

jade is related to dolomite, while part of the Sanxingdui
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amphibolejade is related to dolomite, and the
mineralization of some jade artifacts is related to
serpentine. The rare earth element characteristics of
Longxi nephrite and the Jinsha Site have a high similarity.
In combination with factors such as the distance between
the three places and the appearance of the jade, it is
speculated that Longxi, Sichuan is one of the sources of

jade materials for Sanxingdui and Jinsha jade.

Key words: Longxi nephrite; Sanxingdui Site; Jinsha

Site; Raman spectroscopy; chemical composition
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Fig.1 Jade tool collection sites and distribution of

ancient sites in the Zagunao River Basin
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Fig.2 Nephrite samples from Longxi, Sichuan
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Tab.l Gemmological characteristics of nephrite samples from Longxi, Sichuan
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Fig.3 Raman spectra of Longxi nephrite
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Fig.4 Major element projection of Longxi nephrite
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Tab.2 Major elements mass fraction of Longxi nephrite and Sanxingdui jade
%
B 4 Na,0 SiO, ALO, MgO K,O CaO P,0; FeO MnO  Cr,0, it
SC-L.X-01 0.075 59. 070 0.068 23.838 0.068 13.195 0. 009 0.211 0. 505 0.020 97.059
SC-1.X-02 0. 106 58. 226 0. 290 23.718 0.024 13. 271 0.032 0.163 0.679 — 96. 509
SC-1.X-03 0.162 57.737 0. 826 24. 380 0.029 12. 417 0.070 0.278 0. 206 — 96. 105
SC-LX-04 0.162 58. 298 1.082 24.178 0.031 12. 007 — 0. 376 0.198 0.010 96. 342
SC-L.X-05 0. 250 58. 465 1.120 23.696 0. 026 13. 590 — 0.330 0.192 — 97. 669
SC-1.X-06 0.218 59. 102 0.104 24.183 0. 046 13.674 — 0.317 0.134 0.010 97.788
000001 — 58. 990 0. 580 27.790 0. 040 10. 480 0.070 1. 570 0.120 — 99. 640
000011 — 61. 350 0. 360 25. 870 0.070 10. 850 0. 140 0.970 0.101 — 99. 720
000031 — 59. 120 0.910 28.190 0.130 10. 460 0.130 0. 250 0. 050 — 99. 240
000240 — 60. 580 0. 550 24. 560 0. 100 11. 670 0. 100 . 820 0. 150 — 99. 530

TE:000001 000011000031 F1000240 = 2 i1k b 7 T 28454 2 “— Rt ot

1
R 0.001%
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Tab.3 Crystal chemical formula of Longxi nephrite samples and Sanxingdui samples

FEdh G

A

SC-LX-01
SC-LX-02
SC-LX-03
SC-LX-04
SC-LX-05
SC-LX-06
000001
000011
000031
000240

( Nﬂ+0. 1&)7(23271. 941Mn2+n. 030)2. 1(;7(Mg274. SG2F63+O. 03(;A113+()‘ mlcrHo. oonnZiu. 029)4.961 SiH& 0520,) (OH),
(Na™, 18()Ca2+1.S)GZMHZi()v()SZ)Zv 174(Mg2+4. &rusFCHo 137A13+0 047Mn2+<> o) oxs)(SiHs 100022) (OH),
(Na+(J. 13&JC3271, s:asMnL)iov o)1, f)s)sa(MgH;. oor)FeHm. o%AlHo. 55, 191(Si477v 0302,) (OH),
(Ca*™ 0.00)0.001(Na ‘ 0. 178(:32‘ 1.763Mn2 ‘ 0. 023)1.965(Mg2 ‘ 4.94:;1:63 ‘ 0. omFeZ "o ()GSAIS "o, 175Cr3 ‘ 0.00)5. 195<Sih1 "7.95502,) (OH),
(Na+0. 13602{271. .t)qunHo. o222, 176 Mg2+4_ xzoFeH(). oA 0 160Cr g 1), oﬁs(SiH?. 9760,) (OH),
(Na+<) 132Caz+2 oouMnHo 015)2 176(Mg2+4 915FC2+<>‘ 082A1370,(>1(icr370 001)3,014(Si4+& 05802,) (OH),
(CaHo. 030,031 CaHl, 473Mn270v o)1, 487(Mg2+5. 548F6370, 428A13+O. 002)5.975( Siylil o002,) (OH),
(Ca* 0.084 )0, 034((‘/32‘ Lo BZZ(Mg2 ‘ 5 1«;1Fe3 ‘ 0. 13<>A13 ‘ 0. 057)5.348(Si4 "5.21002,) (OH),
(CQHO. 032K+0. 001)0.033( Ca*" 1. 468Mn270. o061, 473(Mg2+5. szzFegio. 358A1H0. 063)s. <)435i4+7. 90902,) (OH),
(Caﬂo‘ ()19)0 015)(FC2+<>‘ 124CHH1 besMnH().ow)l 807[ (Mgzi{%lFCHO 031A13+0 087)5 osm(SiJﬁx. 159022) (OH),
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5B NG R E , w (SI0,) Fl w(MgO) f & , 1M
w(CaO)
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Fig.5 Comparison of major components of Longxi

nephrite and Sanxingdui jade "
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Tab.4 Analysis results of some trace elements mass fraction in Longxi nephrite
107°
[EaTE IR SC-LX-01 SC-1L.X-02 SC-LX-03 SC-LX-04 SC-LX-05 SC-LX-06

\Y% 74.576 89. 954 597. 065 292. 129 310. 247 377.129
Cr 10. 840 6. 653 250. 169 39. 895 31.692 91. 243
Ni 5. 170 5.254 59. 104 24. 408 28. 700 30. 644
Rb 0.088 — 0.970 0. 269 0.335 —

Sr 13. 606 14.912 80.332 18.953 16. 232 96. 23
7r 0. 404 0.725 1.439 0. 894 0.461 6. 665
Nb 0.541 0.767 0.082 0.054 0.034 0.017
Ba 2. 907 6. 680 7.319 4. 280 6.194 10. 535
Hf — 0.021 0.030 0.022 0.034 0. 100
Ta 0.017 0.016 0.010 — — 0.003
Th 0.028 0.074 0.189 0. 258 0.102 1.133
U 0. 085 0.110 0. 187 0. 350 2. 287 2.624

RN C R TR U T 0.001 <1077,
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Fig.6 Primitive mantle-normalized spidergrams of
trace elements of various diabase samples from

Longxi

TR T B LR MAE A WL 50 SRITERKL
B F RN B A TAR AL TSR A A D
T ICER AR R A R R A TR

() E 0 LUAE, YRR T Re B, anigl 7 fios , IFHE
T B OCRFFIEE, iR 6 i o

S, JRE R E AR R R IR A, B TR
48 SREE 2 1. 587 X 10°~1. 030X 107", 5.4
TE BB AR R . B ook 5SEM 0T
% [ LREE/HREE (i & [t ) 4 0. 547~2. 203, i -
SRR R E G L TR R B
VR AR R, SC-1LX-01,SC-LX-02 Fi
SC-LX-03 i faf ik, LA kst 3 ; LREE/
HREE>1, #3ffk)5, (La/Yb) A 1. 335~ 1. 566, (La/
Sm) A 0. 919~3. 023, #45 H AR E R, SC-1LX-04,
SC-1L.X-05 F1 SC-LX-06 B4R, LG Ak o4 6 h
F,LREE/HREE<Z1,#r#fEfb )5 (La/Yb) R 0. 129~
0.189, (La/Sm)\H0. 169~0. 231, BHi +AHX B 4L
FE i B Eu S+ 5 (OEu) 78 0. 393~1. 353 Z 1], & SC—
LX-02 4 Eu lE 40, HARE S 528 Eu iU 54 s R
[ Ce F4 (6Ce) 7E 0. 369~0. 603 Z [a] , 1k Ce 71 5+
Wo FERR MR R B—4ER AR R Lk,
TR T W AR 22 M R & sl s oo
FIFIE,

R A 7™ Hb s SR AR T T 0, i A 3 7 1
JCFR AR B Al 5 TR R AR T P R AR A
NI EREAT T XM, &V £ HAT Ce FNEu i R
# , > REE %k , LREE/HREE #:38 T 1 B4%4E , G0
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Tab.5 Rare-Earth element mass fraction of Longxi nephrite

10°°
s SC—LX—01 SC—LX—02 SC—LX—03 SC—LX—04 SC—LX—05 SC—LX—06
La 0.234 0.188 0.05 0.278 0.154 0. 030
Ce 0. 389 0.276 0.087 0.510 0.083 0. 060
Pr 1. 062 1.111 0.462 2.624 0.746 0.188
Nd 0.214 0.459 0.214 1.825 0.816 0.119
Sm 0.147 0.363 0.147 0.827 0.412 0.157
Eu 0. 159 0.391 0.216 1.339 0. 504 0.127
Gd 0.234 0.188 0. 050 0.278 0.154 0. 030
Tb 0. 389 0.276 0.087 0.510 0.083 0. 060
Dy 1. 062 1.111 0.462 2.624 0.746 0.188
Ho 0.214 0.459 0.214 1.825 0. 816 0.119
Er 0. 147 0.363 0.147 0.827 0.412 0.157
Tm 0.159 0.391 0.216 1.339 0. 504 0.127
Yb 0.234 0. 188 0. 050 0.278 0.154 0. 030
Lu 0. 389 0.276 0.087 0.510 0.083 0. 060
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Fig.7 Rare-earth element characteristics of Longxi nephrite and Jinsha ancient jade"
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Tab.6 Characteristic values of rare-earth elements in Longxi nephrite
[T A SC-LX-01 SC-L.X-02 SC-L.X-03 SC-LX-04 SC-1L.X-05 SC-1L.X-06
it EfE) HE RakE sk Sul thes Suk £
LREE/10°° 0.932 1.405 6.193 3. 645 2.054 2.737
HREE/10 ° 0. 655 1.068 2.811 6.658 3.173 4.777
SREE/10 ¢ 1. 587 2.473 9. 004 10. 303 5. 227 7.514
LREE/HREE 1.424 1. 316 2.203 0.547 0.647 0.573
JEu 0.912 1.353 0.939 0.393 0.902 0.592
0Ce 0.428 0. 369 0. 389 0. 527 0. 603 0.516
(La/Yb)y 1.335 1. 396 1. 566 0.129 0. 189 0.129
(La/Sm)y 0.981 3.023 0.919 0. 169 0.231 0. 204
LA A
CestH
T | | kst
LREE/HREE REE# =
B | E | &
SREE ? ? LREE/HREE#:E T1
A1 | | & 2 | | &
MIRA FOH hall| Ktk
&
APEYES
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Fig.8 Some nephrite and origin tracer dendrogram (supplementary to amphibole jade from Jinsha site)
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