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Jiang YG Zhou JX Luo K Xu C Huang ZL. Yang CH and Jin ZG. 2023. The differential enrichment mechanism of
thallium in the Huodehong MVT deposit NE Yunnan Province China: Evidence from EBSD LA-ICPMS and TEM. Acta
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Abstract Thallium ( T1) is a critical metal with important applications in the high-tech industry and mainly used as by-product of
base metal sulfides. As one of the dispersed elements TI is mainly enriched in low-temperature base metal sulfide deposits with pyrite
and marcasite as its main carrier. The Huodehong MVT Pb—n deposit in Yunnan Province shows an abnormal enrichment of Tl and
the concentration of Tl in marcasite is significantly higher than that in co-existing pyrite. To investigate the differential enrichment
mechanism of Tl among different minerals this paper carried out systematic crystallography mineralogy and geochemistry studies on
the pyrite-marcasite association from the Huodehong deposit. The electron backscatter diffraction ( EBSD) results indicate that the grain
structure of hydrothermal pyrite and marcasite has a certain inheritance closely coexisting with sphalerite suggesting that they are
products of the same mineralization event. The in situ trace element content analysis results of laser ablation coupled plasma mass
spectrometry ( LAACPMS) show that the Tl content in pyrite and marcasite is 127 x 10 "® ~516 x 10 ~® and 356 x 10 ~° ~ 1046 x 10~

respectively the time resolved element signal curves of Tl are relatively smooth suggesting that Tl mainly enters the lattice of pyrite
and marcasite in the lattice. Transmission electron microscopy ( TEM) further confirms that Tl directly replaces Fe i.e. 2T1" «>[]
( vacancy) +Fe’*. Combined with the positive correlation between Tl and Zn content in pyrite and marcasite this paper suggests that

the abnormal enrichment of Tl in marcasite may be related to the oreHforming fluid rich in TI Zn and Fe under slightly acidic
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: 1983 E-mail: 125686304 @ (q. com
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conditions. Comprehensive research shows that the differential enrichment of Tl in pyrite and marcasite of Huodehong deposit is not

related to the crystal structure and the occurrence of Tl but is the result of the joint constraints of fluid composition physicochemical

condition and is affected by metallogenic conditions of different scales. Marcasite coexisting with sphalerite is an important indicator to

explore for thallium in the future.

Key words Thallium; Occurrence; Differential enrichment; Marcasite; The Huodehong MVT deposit
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1 ( Luoetal. 2022 )
(a) +(b) AA 1 ()
Fig. 1 The geological maps and stratigraphic log diagram of the Huodehong ore district ( modified after Luo et al.  2022)

(‘a) the geological map of the Huodehong deposit the upper right corner is a tectonic map showing the location of the Huodehong deposit; (b) A-A”
cross—section of the Huodehong deposit; (¢) the stratigraphic log diagram in the Huodehong district
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Fig.2  Field photos of the Huodehong deposit
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(‘a) the dolomite crystal caves in bioclastic dolomite; ( b) massive sulfides closely associated with carbonaceous mudstone; ( ¢) the ore body directly

contacted with the host rock dolomite and the pyrite and marcasite occurred in columnar and colloform structures; ( d) the ore body enclosing the host

rock breccia suggesting the epigenetic characteristics
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(a) 7 (b) ( )i(e) b - Py- » Sp-
s Me— ; OM- ; Dol-

Fig. 3 Hand specimen and microscopic photographs of sulfide ore from the Huodehong deposit

(‘a) hand specimen of columnar sulfide ore; (b) cross-section of the columnar pyrite ore indicated in ( a) ; optical microscope image ( reflected

light) ; (¢) enlargement of the outlined area of ( b) showing layered multistage sulfide ore on the centimetre scale. Sp-sphalerite; Py-pyrite; Mc—

marcasite; OM-organic matter; Dol-dolomite
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4 EBSD
(a) ( >15°) i (b)
Py3 (¢

Fig. 4 EBSD results of columnar sulfide ore from the Huodehong deposit

(a) phase map ( grain boundary > 15°) showing the concentrated distribution of marcasite in a specific zone with an extension direction
perpendicular to the growth direction; ( b) crystal orientation map showing thecrystal orientation of pyrite and marcasite from the center to the rim one
marcasite grain intersected and replaced by Py3; ( ¢) local misorientation map showing acicular pyrite and marcasite exhibit more significant

deformation compared to columnar and granular grains
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1 LAICPMS (x107%
Table 1 Trace elements ( LAACPMS) in pyrite and marcasite from the Huodehong deposit ( x 10 ™)
v Mn Co Ni Zn As Tl Pb
H214 2.2 139 — — 77.3 — 681 386
H21=2 1.5 121 — — 79.8 — 641 431
H213 1.5 139 — — 70.0 1.64 525 441
H214 1.8 111 — — 82.0 1.12 677 474
H215 1.7 120 — — 90. 5 — 673 763
H21-6 2.1 148 — — 95.1 — 748 577
H219 3.4 54 — 1.21 169 2.16 716 1772
H21-8 1 2.1 144 — — 93.9 0. 622 774 512
H219 2.3 191 — — 111 1.27 704 229
H2140 1.4 109 — 1.62 200 1.94 801 897
H1924-6 34.6 510 — — 75.8 — 754 29.7
H19247 3.8 23.8 — — 23.6 — 356 16. 8
H19-248 6.5 542 — — 123 0.372 1046 163
H19249 5.7 261 — — 57.0 — 630 86.6
H192440 10.1 363 — — 99.9 — 813 95.4
H211 0.397 15.5 — 1.79 28.7 1.73 304 819
H2142 0. 329 20. 1 — — 38.7 1.99 301 659
H2143 0.583 48. 8 — — 63.6 0. 906 516 1125
H2144 0. 457 23.2 — — 51.2 1. 04 404 1159
H2145 0. 330 28.1 — — 45.9 2.42 275 789
H2146 0. 400 27.7 — — 47.6 — 286 882
H2147 0.484 18.3 1.332 4.32 44. 8 2. 64 341 992
H2148 il 0. 346 15.0 0.138 2.01 36.4 3.60 304 1243
H2149 0. 337 15.7 0. 105 1.70 28.8 2.65 278 1168
H2120 0.701 50.8 — — 58.1 0. 698 368 2599
H19-244 2.9 30.9 — — 21.1 — 291 6.19
H19242 6.3 65.3 — — 24. 1 0. 562 295 13. 1
H19243 11.6 137 — — 51.4 — 489 11.3
H19244 0.610 31.3 — 0.51 10. 6 — 131 48.8
H19-24-5 1.4 43.5 — — 10. 8 — 127 15.0
(23.6x107° ~200 x 10°° 98.4 x 107%)
(10.6 x107° ~63.6 x10~° 37.4x107°%)
Mn (23.8x10°°~542 x107° 198 x 107°%) 5
(15.0x107° ~137 x10~° 38.1x107%) 51
Pb (16.8 x10™° ~ 1772 x 10~° 510 x '
FeS, (1)
1079 (6.19 x107% ~ 2599 x 10~° 831 x
107, . .
Tl\Mn.Zn Pb 1(2) foro}
( 7 ’ ’
Tl Py3 TI . N ( Kitchaev and Ceder 2016)
As  Pb <100pm(  8) . C -
TEM ( )
<100nm) ( <20nm) . pH <5
. ( HAADF) ( Murowchick and Barens 1986)
Tl EDS pH
Tl (9 ( Kitchaev and Ceder 2016) .

Tl o
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5
(a) 100 . 010 . 001 ;(b) Py2 100 :(¢) Py3 100
Fig. 5 Pole figures of the pyrite and marcasite from the Huodehong deposit
(‘a) marcasite 100 010 and 001 pole figures; (b) Py2 100 pole figure; (c¢) Py3 100 pole figure

6 I

Fig. 6 Trace elements of pyrite and marcasite of stage [I from the Huodehong deposit

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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Fig. 7 LA-HCPMS time—resolved element signal profiles of pyrite (a b) and marcasite (¢ d) from the Huodehong deposit
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Fig. 8 LA-CPMS mapping results of Tlxich sulfide ore from the Huodehong deposit
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EDS

Fig. 9 TEM results of Tl+ich marcasite from the Huodehong deposit

http: //www. ysxb. ac. cn

: ( b-d) TEM-EDS

(a) HAADF image. The lower left corner shows the EDS point analysis results. The yellow cross represents the analysis position. The bottom right

corner shows the electron diffraction results of the marcasite matrix; ( b-d) TEM-EDS maps ( net)
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