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ABSTRACT: Turquoises were widely used as ornaments in the northwestern region of China in the late Neolithic
period, and its provenance has been a matter of great concern and has not been resolved. In this paper, non-destructive
analytic methods (infrared and Raman spectroscopy) are used to distinguish the turquoises unearthed from the
Qijiaping site and the Mogou site from the turquoises from Hubei, Anhui, and Xinjiang. The results show that infrared
and Raman spectroscopy analyses have high sensitivity to the main functional groups and crystal structure of turquoise,
but are not effective to distinguish turquoises from different provenances and genetic types.
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Fig.1 The structure of turquoise
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Fig.2 Turquoise crystal
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Table 1 Survey of unearthed turquoise samples from Mogou site, Gansu Provinceories
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Table 2 Infrared spectral peaks of turquoise samples

p— OFF féfifieah O &l ficsh  H,0 Mhéfifial 1,0 %l ficsh Pof;xﬁwﬁfzfﬁ Pof;xm*_%ma
(cm™) (em™) (em™) (cm™) PR3 (em™) Pzl (em™)
3512 839 3273 1646 1056 481
B (AR) 3465 / 3093 / 1106 547
} / / / / / 648
o 3513 837 3281 1631 1007 467
K 3458 / 3073 / 1048 551
/ / / / / 651
3511 838 3294 1644 1056 483
?Fi:ﬂ;\ﬁ;it 3465 / 3084 / 1107 548
/ / / / / 646
H 3510 838 3288 1645 1057 482
%ﬁ%ﬁ 3465 / 3080 / 1107 547
/ / / / / 647
3509 837 3295 1638 1059 482
iﬁ’% 3466 / 3083 / 1109 547
/ / / / / 647
3509 839 3287 1644 1116 649
" 3465 786 3078 / 1062 575
LR i / / / / 1014 550
/ / / / / 487
3510 837 3294 / 1191 650
I 3464 788 3080 1637 1108 570
il / / / / 1056 484
/ / / / 1014 /
3488 834 3190 1630 1156 648
o) 3433 787 3056 / 1108 571
fr / / / / 1058 540
e / / / / 1009 478
ey 3508 835 3289 1633 1182 648
i 3465 788 3088 / 1157 615
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Fig.7 Comparison of infrared spectra between turquoise and
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Fig.8 Infrared spectra of variscite sample
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Fig.9 Raman spectra of turquoise of Qijiaping site
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Table 3 The ratio of 1,45/, of various turquoise sample

FE e S 783cm’™ 837cm’ R=L,4/Is; R [
HSL-3 0.056 0.043 1302
RN 0.829 ~ 1.302
HSL-14 0.189 0.228 0.829
LHS-2 0.298 0.439 0.679
Erg = Al 0.679 ~ 1.107
QL-1 0.062 0.056 1.107
M60:3 0.244 0.305 0.871
;MR awil 0.688 ~ 0.871
M1439:6 0.328 0.477 0.688
M24:9-4 0.115 0.147 0.782
Fr Z stk 0.782 ~ 0.874
M24:9-5 0.34 0.389 0.874
» WF-1 0.236 0.257 0.918
g 14 0.819 ~ 0.92
WF-2 0.216 0.264 0.818
QG-3 0.193 0.222 0.869
2ty 19 0.87 ~ 1.01
QG-4 0.146 0.144 1.014
s YGS-1 0.416 0.516 0.806
Zasp ) 0.806 ~ 0.86
YGS-5 0.287 0.333 0.862
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Table 4 Raman spectral peak of turquoise samples

PO, i

TR | OM MRz MO MERE) PO MZREH PO WHFRE M fRah )
; TRz
‘ ‘ 3470 3276 1036 471 636
§ FFR - § 3471 / 1103 413 587
| | 3502 / / / 543
i
3473 3280 1039 477 637
| tapuzilR 3471 / 1102 416 587
| 3503 / / / 546
‘ 3505 3274 1160 472 640
i § b § 3472 3080 1101 424 596
| | 3450 / 1039 / 545
3502 3288 1107 481 638
= A § 3466 / 1035 418 587
| / / / / 544
L 3498 3282 1158 / 642
| | 3471 3284 1105 / 594
gl )
3449 3078 1039 / 548
3448 3080 / / /
3501 3272 1161 / 639
3498 3279 1104 / 646
3471 3080 1105 / 594
%ﬁ [15]
| 3472 3084 1041 / 598
L § 3 3451 / / / 543
| | 3449 / / / 545
3500 3281 1158 / 642
i ) § 3470 3078 1105 / 592
| 3448 / 1039 / 548

FFRIE (E9) FMEEE (K 10) Bk sk B2 PO, SRR BRI fiksh R B m i S sh BT 2L,
INARRL SR B9 BT R AR SRR, B FFH PO BRI BRI IRE M BEE 1102em™ (1551
HRBLASE P AE 1037em™ F1 3468cm” LAY ILE, T U, OH MIMZEIRSNFHLA —A> 3501em” ZeAr i ik



34

163 #

AR | I Feas o AR T R 5 R P L A i b A A AT P ER R

HIEHIA

I, &1 10 HA] I 1020 em™ 40 HEERAGAR B IE K P-O
IS xEFR RSN, H7E 1056em” AbPEFEZ K 551 B
I, £ 545cm™ I 60Tem™ Hi g /I8 {37 J2 25 iy 4% 5
FREL, FRRIGIE MG-6 SREG B A

Z MG-6
T b
= 03
# ie E BT
] g 2 SAT
7% ' | \ \
i3 \ | |
L I |
‘ \
| \ \
©
33 |
53 /
| | \f ‘V \"“"‘»
L
JNJ\“ v V \««M/A
|
0 1000 2000 3000 4000
HEMB (ecn™
10 R HL e A 2o
Fig.10 Raman spectra of variscite of Mougou site
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