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Fig. 1 Geological sketch of Xianghualing District, Linwu County of Hunan Province (Image source: Yuan S D, et al ')
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Fig.3 Polariscope features of the black quartzite jade in Linwu District, Hunan Province
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Table 1 Semi — quantitative analysis of mineral phases of the black quartzite jade in Linwu District, Hunan Province
‘ B AR (% )
GEATE A o — - ,
f15E paysis KA LR Yaypa B NZR0N KA R
LS-1-1 47.1 22.4 9.8 2.2 3.8 2.6 1.1 0.9 10.1
S-1-2 41.2 15.7 12.2 7.1 2.7 1.1 2.0 1.4 16.6
LS-1-4 43.2 20.3 15.3 1.9 / 2.8 1.3 2.0 13.2
LS-2-3 43.5 17.4 9.8 4.6 6.3 1.2 3.5 2.2 10.5
LS-3-1 45.6 18.4 16.1 1.0 1.1 2.1 1.8 1.5 12.4
LS-3-2 47.5 20.3 8.2 5.3 1.1 2.3 1.3 0.5 13.5
S 44.7 19.1 11.9 3.7 3.0 2.0 1.8 1.4 12.7
2 I X R A Y R i e R MRS R e U U R D R 8 (DF D) 584,
Table 2 Analytical results of major elements and DF values of the black quartzite jade in Linwu District, Hunan Province
, GE(%) A
G TE TR ) - DF {8
Si0, TiO, Al, Oy Cr, 04 Fe, 05 MgO MnO CaO Na, 0 K,0 a8y
LS-1-1 70.45 0.58 14.90 0.01 4.02 0.60 0.17 1.33 0.91 2.38 95.35 -2.82
LS-1-2 59.49 0.86 24.68 0.01 7.19 0.56 0.14 0.39 0.32 3.10 96.74 -1.95
LS-1-3 65.47 1.00 22.97 0.01 4.89 0.79 0.16 0.49 0.60 2.67 99.05 -3.07
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Fig.4 Arachnoid map of (a) the primary mantle standardization of trace elements and (b) standardized distribution model of rare

elements of samples in Linwu District, Hunan Province
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Table 3 Geochemical characteristics of the black quartzite jades

in Linwu District, Hunan Province

TR S EMEE (ny/g)

MEITE
L1S-1-1 1S-2-4 LS-3-1
Rb 122 170 147
Ba 306 485 346
Th 15.7 18.6 21.6
U 5.41 5.47 7.33
Ta 1.92 2.05 2.21
Nb 23.6 20.8 21.4
La 42.4 46.7 52.0
Ce 82.0 97.1 102
Sr 150 96.4 82.8
Nd 37.1 39.0 43.4
Zr 119 98.0 291
Hf 3.16 2.63 7.91
Sm 6.96 7.18 8.22
Ti 1.37 1.18 1.13
Y 22.8 18.0 32.9
Yb 2.88 2.22 4.51
Lu 0.50 0.38 0.75
B i L ICER I E (/) BAHGSHL
Fitot&
1S-1-1 1S-2-4 1S-3-1
La 42.4 46.7 52.0
Ce 82.0 97.1 102
Pr 9.34 9.10 10.3
Nd 37.1 39.0 43.4
Sm 6.96 7.18 8.22
Eu 1.64 1.41 1.11
Gd 5.93 5.76 6.60
Th 0.63 0.79 1.02
Dy 5.05 3.96 6.20
Ho 0.93 0.70 1.27
Er 2.71 2.10 3.96
Tm 0.43 0.33 0.68
Yb 2.88 2.22 4.51
Lu 0.50 0.38 0.75
Y 22.8 18.0 32.9
SREE 198 216 242
LREE 179 200 217
HREE 19.0 16.2 25.0
LREE/HREE 9.41 12.4 8.69
Lay/Yby 10.6 15.1 8.26
SEu 0.76 0.65 0.44
5Ce 0.97 1.08 1.02

4 YIHE
4.1 FERECETERT B
HRAE X5 2k 50 1% Dl 45 R ] R, R R
SiO, B H1E 53.5% L) b . MR 4R AR e AR oA Y pRi
B ——DF F AT 22 s o P s ) -
DF =10.44 —0.21Si0, —0. 32Fe,0, —0. 98MgO
+0.55Ca0 +1.46Na,0 +0. 54K,0"*"

WFFEFHA24 DF >0 WHRE S A IEAS A, A R
B Y DF <0 B W] 8IS 55 TR A S TR
P W% M X SRR R R
DF <0(32) , Al FIBF 5 X RE S A RIS s, Ba ok
TIRUA S

ATAWFZE R, A A Y AL O,/ TiO, HAE X F
JE A A B FR AN, M BB/ T 14 1)
PrIE AT Be AR EE BT UTRRY) , Sl A T 19 ~29 1)
PRI T BE N KR A A DU P T sl Rk
W= > B dl B ALy O5/TiO, FE{H 73 51 O 25. 69
28.70 22. 97, WTE K WU A A TIRYITEE Z .
AN FE R A W] LR AR AR e RS54 T AR AL
1, B R AR B WA AR A, HRR S A
—E R LI AR AT R AR S SR TR
HRE i JRUA N & BRI o R VD R OB A 45 B
W RE S R R R TR IR B B R T BT
TR JFE S SR A LA KAk
FEH R P TTRS
4.2 FESWRD BB B

W58 IX L X IR L& Tale i sl A8
VER 5 Xk 1 ¢ R B ), i ADFR R TR Y
A1203/( A1203 +Fe,0, ) tl:ﬁﬁ%ﬁiﬁiﬂ%@ﬁ%i%
AHRPEER T 0 A 0.1 ~0. 4IRS
P B 2 A B IR RS s % HUE N 0.4 ~0.7 1)
UURUA #0) 1 PR 5% 22 0 8 T VRV R B 5 X L (B R 0.7
~0.9 MUTRUE 1 3R 55 2 g Kt S 3R>
R, AR I RE S HEAE 4 3 oA 0.79.,0. 77,
0. 82, e KRl I LG . 3ok, X8 T 5 1)
T A By R — R R R T R
Y 2 K TS SR VE R AR ; o — i 2 4
Gl AT 22 ¥ T Dot M U E 37 e = L AP o
ZHRET Y2 BB RCR ROR, FF A IR AR
VEFRHEAE , ATIERE SR 77 U8 T &

5 &g
ASSOR i SO I BE LSS X SR Eok b AT A4
X PHEFOCICTE  HUIEHE & 5F B A R L S R
T BT R M X DR (A DS R ) 2 A T
RGO, X BUAAE T HRE . SRR, X
WL N B A% B FE WA Soh IR Z
St At KA SERET Y, YA R
AR EIN: S RIMN 7S RN/ TN - X 7/ ]
BB . Bl RE Al n] DL B 2 1) DX s 45 A
ME KSRV BE R, TR A7 AE DU 2 M AL
— 527 —



" HOW
4
a4 http; // www. ykes. ac. cn

iy

ot

2021 4

TR G A] LA W) AT, Oy S8R 1) e 2 A2 Bk 3
A TR AN TR 0 4 R 25 G AT ARSI,
EAE o R AE JTUe 28 90 I IX S AR o, I 20
AR IR b B S A0 KA TR, &
PR ST X I T A e ™, 4 3 3R 5
ESIPN UL

AHIFFE A0 T 12 X A7 955 T R 1 A A

ME B L, WA R A D i A 5
H IR B AR R E R A TR T IR S A
I TR R R P U 2 AN R A S s T R AR )
USRS AL b2 A 2557, 4 Ja ATk — 20 X H A
FEH B A S T B AT R GRS AT, S8 A 5
R BRI AL .

6 55 CHk

(1]

(2]

(3]

(4]

(5]

(6]

(7]

SRAEHT. R A E [ ML ARt H 5 A, 2006
374 -379.

Zhang B L. Systematic gemmology [ M ].
Geological Publishing House,2006:374 —379.
AR, SKEIZE. TR A2 [ M. st HUsT s it
2017 :560 - 569.

Wang C Q, Zhang L K. Gemology [ M ].
Geological Publishing House,2017 ;560 — 569.
ZEWESR. S S AR [ ML st s A
2008 ;188 - 190.

Beijing:

Beijing :

Li S R. Crystallography and mineralogy [ M ]. Beijing:
Geology Publishing House,2008 ;188 —190.
KRS, Fw DOING , PR ER A , 45 2278 AR R WA £ 9
BRI FEAFRELT ] 50 M5 A 2R, 2020, 22
(1):33-38.

Liu X L, Meng Q P, Chen X H, et al. Gemmological
characteristics of quartzose jade by metamorphism[J].
Journal of Gems and Gemmology,2020,22(1) ;33 —38.
JEPHE Bt BliRHE, . PR ARAS [F) B EA IR
FRE AR LU S [ C 1/ ob [ [ BBk 51 i
FARAZ TS HE(2017).2017 ;215 - 219.

Zhou D Y,Chen H,Lu T J, et al. Comparative study on
gemmological characteristics of different color quartz jade
in  Guilin, Guangxi [ C ]//Proceedings of China
International Jewelry Academic Exchange Conference
(2017).2017.215 -219.

EFr A ST E AP R S TG AR (1] b [ 3
4,2020(2) :39.

Wang Q. Classification characteristics and market status
of quartz jade[ J]. China Place Name,2020(2) :39.
FIk WIS S ARG A (ML st sl
Jikt:,1984:169 - 180.

— 528 —

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

Wang P, Pan Z L, Weng L B. Systematic mineralogy
[ M ]. Beijing: Geological Publishing House, 1984
169 —180.

WRRURL PN B R AR [ M JEat BT A,
2006215 -227.

Yao F L, Sun F Y. Course in mineral deposits [ M ].
Beijing : Geological Publishing House ,2006:215 - 227.
SR 2, XU, TR AR, 4. R PG R T R
PAT S TG R W A LT ] kBl 5 30
5447 ,2020,42(3) 2355 - 365.

Zhang G X, Liu J C, Zhang H D, et al. Multistage
mineralization of Chedu magnetite quartzite gold deposit
in Mianluening Block of Shannxi, China[ J]. Journal of
Earth Sciences and Environment, 2020, 42 (3 ).
355 -365.

BRI, F JLRR BRI E A
e B RS I AR T L ] R i 5 ™
22,2021, doi: 10. 16539/j. ddgzyckx. 2020. 05. 014
1-33.

Li X W,Cao S Y, Liu J] H, et al. Geological structure
characteristics and fluid activity of the gold — bearing
quartz veins on the Yushishan area, north Altyn Tagh
[J]. Geotectonica Et Metallogenia,2021. doi;10. 16539/
j. ddgzyckx. 2020. 05.014 .1 - 33.

FEAT4E. FRIKAT S8 RIS N Bt [T ]. H v 4,
2020,42(3) :106 - 108.

Cheng F W. Genesis of quartz deposit in Baijian
Mountain[ J ]. Gansu Metallurgy, 2020,42 (3) 106 —
108.

B, BB WRIE I, 55 FRIE kA7 90 RS A K
B AR LT ). v [ AR 4 R & Tl 5 1)L, 2020 (5)
10 - 14.

Yan Y L, Gao S X, Chen Z G, et al. Types and
metallogenic regularity of vein quartz deposits in China
[J]. China Non — Metallic Mining Industry Herald,2020
(5):10 - 14.

Moxon T W, Palyanova G. Agate genesis: A continuing
enigmal[ J]. Minerals,2020,10(11) :953.

Moxon T, Reed S. Agate and chalcedony from igneous

and sedimentary hosts aged from 13 to 3480Ma:

N
Magazine ,2006,70(5) :485 —498.
AR, E e R B 38 R R 5C RR IR BRI ) ¢
(], FE %S 1),2015,12(4) 46 -49.

Li W L, Wang Q. Preliminary exploration of the

A cathodoluminescence  study Mineralogical

characteristics and the genesis of Tongtian Jade in Linwu
County[ J |. Land & Resources Herald, 2015,12 (4 ) :
46 —49.



P L, A Y A PR A S O A ) 2L R T B PR ) R

5540 &

(17]

[18]

[19]

(20]

(21]

[22]

(23]

(24]

FMUE , 2w AR, 5. Wi AR B 2 SR
JR €0 Sr [Al iz = sk A2 [T ] 5T~ 4z, 2008 , 82
(11):2 -10.
Yuan S D, Peng J T,Li X Q,et al. Carbon, oxygen and
strontium isotope geochemistry of calcites from the
Xianghualing tin — polymetallic deposit, Hunan Province
[J] . Acta Geologica Sinica,2008,82(11) ;2 - 10.

JEH , A4S A, 2. 31 e i 0l R A e s
ﬁiﬁfﬁf@.ﬁq SHIE S R M) ). BEIRAE RS LR,
2018,33(5) .47 -51.

Xu Z B, Zhang L J, Yang X H, et al. Geological
characteristics and metallogenic regularity of ore deposits
of the black quartzite jade in Tongtian Mountain Linwu
District, Hunan Province[ J ]. Resource Information and
Engineering,2018 ,33(5) :47 -51.

T Wz, B, 45 BR 5 R A OB DG 1 2 K
fibr [ M ] a0 b [ M BT K 2 R AL, 2019
216 -217.

Luo B, Yu Y F, Liao J, et al. Nondestructive testing
spectrum library of jewelry and jade and its solution
[M].
2019:216 -217.

W, BRE L a8, . SR S TN
[M]. db5t . oo S et , 2006 :20 - 151.

Chang L. H, Chen M Y, Jin W, et al. A manual for thin

Wuhan: China University of Geosciences Press,

section identification of transparent minerals [ M ].
Beijing : Geological Publishing House,2006:20 — 151.

PR o, 8, A . B a0 T M]. Jext:
i H R ,2009 :41 - 73,

Chen M Y,Jin W,Zheng C Q. Handbook of metamorphic
rock identification [ M ].
House ,2009 .41 - 73.
WS, KR, 289K, A2 T8 B AW 3 U T (M.
Jeat: # BT kL, 2015 .23 - 31.
Hu L, Liu J L, Ji M. Handbook
microstructure identification [ M ].
Publishing House 2015 :23 -31.
MIAAE, BRI, K%, 5 ANEE I ARBUR 2 S
e R SO B O SR8 [0 ] HO b 5, 2020,
29(#7]2) .22 -28.

Liu S X, Zeng J J, Zhang X K, et al. Superimposed

Beijing: Geological Publishing

of deformation

Beijing: Geological

metamorphism of the Gaolan Group in the eastern
segment of Qilian Orogenic Belt [ J]. Gansu Geology,
2020,29( Supplement 2) ;22 - 28.

Shaw D M. The origin of the Apsley gneiss,Ontario[ J].
Canadian Journal of Earth Science,1972:18 - 35.

e B YL PG R 7 2 i AL A A R B R A
JEI3H [ D] A - AR B TR 27,2019,

(25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

Tao R. The analysis of characteristics , metamorphism and
deformation of rock in Devonian Wenquan Formation,
Fengqing, western Yunnan [ D ]. Chengdu: Chengdu
University of Technology,2019.

Girty G H, Ridge D L. Provenance and depositional
setting of Paleozoic chert and argillite, Sierra Nevada,
California[ J]. Journal of Sedimentary Research,1996 ,66
(1):107 -118.

PG, B A, 5 /NP B SEAE L B L AE B e A

PR B Hy 1 2 35 41 A [ ] O s b i, 2020, 38 (3) -
298 —304.

Sun Q L, Xia D, Gong X P. Genesis and tectonic
environment of Qingbaishan granite in Beishan, Xinjiang
[ J]. Xinjiang Geology,2020,38(3) :298 —304.

AR, AR, EA, A R R - X PP
IE R L0 i EROTRAR LoRK[T]. a6
1,2018,37(3) :298 - 305.

Zhou W ,Zeng M, Wang ], et al. Determination of major
elements and rare earth elements in rare earth ores by
X - ray fluorescence spectrometry[ J]. Rock and Mineral
Analysis,2018,37(3) :298 - 305.

Jewell P W, Stallard R F. Geochemistry and paleoceano
graphic setting of central Nevada bedded barites| J ]. The
Journal of Geology,1991,99(2) :151 —170.

WRIT, B4R, ik, 5. e gl DA [] I AR A o Bk
AL F AR K R L], B4 R 5 T, 2018, 18
(2):7-19.

Tan X, Qiu Z,Lu B, et al. Geochemical characteristics for
siliceous rocks of different ages in South China and their
geological significance [ J ]. Science Technology and
Engineering,ZOlS ,18(2) .7 -19.

PR, RO BB & BoE R RN T RS R
zzﬂ AR AR AR SR ST R R LT ]
a4 ,2018(2) :1 - 10.

Wang X R. Biotite garnet geochemistry of plagioclase
gneiss in the iron bearing rock series of Huogiu iron
deposit, Anhui Province and its geological significance
[ J]. Mineral Rock,2018(2) :1 - 10.

M AR ILGRE LGB a0 - R e
BE B BE TR NI [T ] AR ML 5T, 2019,40 (1)
1 -10.

Huang C H. Application of garnet biotite geothermometer
in metamorphic rocks of Qinyingshan Formation,
Dongshan, Fujian Province [ J ]. Geology of East China,
2019,40(1) .1 -10.

sk, A, £ 8,55 W ICP - MS §F5E 1P Rg Je o
BV TUETR T OURFHE S OTRIAEE [T ]. A,
2018,37(2) ;217 - 224.

— 529 —



- a8k
4% 2021
e http; // www. ykes. ac. cn F

Zhang Q, Yu Q, Wang J, et al. Study on REE Dunhuang Group of southern Beishan Region [ J ].
characteristics and sedimentary environment of Longmaxi Geology and Exploration,2018,54(4) .689 —701.
Formation shale in southwest Sichuan by ICP — MS[J]. [34] MIZEFE, R, RS, & MBEE I REBERE LS
Rock and Mineral Analysis,2018,37(2) :217 —224. BN RVER BRI [T ]. Bl # )&, 2020,
[33] PR, T30l , 245 S0, b il B s A gk 1k 29(3):22 -28.

WO AN A R [ T]. # 5 5 B, 2018, 54 Liu S X, Zeng J J, Zhang X K, et al. Superimposed
(4).689 —701. metamorphism of the Gaolan Group in the eastern
Zhao Z M, Ji W H,Li W M. Metamorphic genesis of segment of Qilian orogenic belt [ J]. Gansu Geology,
magnetite quartzite with iron mineralization in the 2020,29(3) .22 - 28.

Mineral Composition and Genesis of Black Quartzite Jade from Linwu
County, Hunan Province

MIAO Xu'?, SHI Miao'>* , WANG Li — sheng'
(1. School of Gemmology and Materials Science, Hebei GEO University, Shijiazhuang 050031, China;
2. Key Laboratory of Strategic Key Mineral Resources in Hebei Province, Shijiazhuang 050031, China)

HIGHLIGHTS

(1) The mineral composition of black quartzite jade from Linwu County, Hunan Province, was analyzed through
polarizing microscopy, powder X — ray diffraction analysis, X — ray fluorescence spectrometry, and inductively
coupled plasma mass spectrometry, and the genesis of the jade was discussed.

(2) The main minerals of black quartzite jade from Linwu County, were quartz, mica, feldspar, graphite, and clay
minerals.

(3) Black quartzite jade from the Linwu County, is regarded as a typical low — to — moderate temperature

hydrothermal regional metamorphic rock.
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ABSTRACT

BACKGROUND: Black quartzite jade is a type of commonly and commercially available jade. Many areas
produce this gem.

OBJECTIVES: To analyze the gemological characteristics and mineral composition of the jade samples and to
discuss their genesis.

METHODS; Conventional gemological tests, infrared spectrum tests, polarizing microscopy, X — ray powder
diffraction analysis, X — ray fluorescence spectrometry, and inductively coupled plasma mass spectrometry were
used.

RESULTS:: Black quartzite jade from the Linwu County, Hunan Province, showed a medium — fine grain texture.
The polarizing microscopy results revealed many crytalloblastic or palimpsest textures. The content of the main
mineral quartz was 44.7% , the content of secondary minerals (mica and feldspar) was 31.0% , and the content of
clay minerals was 12. 7% . Minor organic carbon, iron minerals, andalusite, almandine, and pyrite were also
observed.

CONCLUSIONS; Based on the main textures, structures, configuration features, and chemical compositions, the
studied samples are regarded as typical low — to — moderate temperature hydrothermal regional metamorphic rocks,
which are classified as greenschist facies. The source rock was composed of sedimentary rocks abundant with
aluminum, quartz, and feldspar. The tectonic environment for its formation belonged to the continental margin.
This study provides technical support for the identification of the mineral composition of quartzite jades from the

Linwu County, Hunan Province.

KEY WORDS: quartzite jade; mineral composition; mineralization; polarizing microscope; X — ray powder

diffraction; X — ray fluorescence spectrometry; inductively coupled plasma — mass spectrometry
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