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Fig. 1 (a) China’s tectonic background; (b) Distribution and location map of lead-zinc deposits in the Yangtze Platform (modified by

Xiong, et al. Lisd ); (c) Geological map and sampling points of the Wusihe deposit (modified by Luo, et al. L8l ).
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Table 1 Reflectance parameters of photometer standard

samples in different wavebands.

Wk | BRALEEA R (%) BRALES A O S % (%)
(nm) =55 T B iz
400 22.5 8.6 45.7 29.7
420 22.2 8.5 45.1 29.6
440 21.9 8.3 454 29.7
460 21.6 8.1 45.7 29.5
480 21.4 8.0 45.6 29.5
500 21.2 7.9 45.1 29.3
520 21.0 7.7 445 29.0
540 20.8 7.7 44.1 28.6
546 20.7 7.6 44.1 28.5
560 20.6 7.5 44.0 28.2
580 20.4 7.4 43.9 28.3
589 20.3 7.4 438 28.2
600 20.2 7.3 43.6 28.1
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700 18.9 7.1 42.9 27.8
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Fig. 2 Characteristics of sphalerite specimens in two stages of
Wusihe deposit (Sp—Sphalerite; Gn—Galena; Cal—
Calcite; Sar—Sulfide mineral).
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Fig. 3 Microscopic characteristics of sphalerite in two stages of Wusihe deposit.
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Fig. 4 Box diagrams of visual reflectance (a), reflected color main band (b) and reflected color saturation (c) of sphalerite in two

stages of Wusihe deposit.
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Table 3

Data of trace element characteristics of sphalerite in two stages of Wusihe deposit (x107°).

Sp I BBt (n=12) Sp 1B (n=11)

JLE Epnd XA

wRMH f/IMA FHE Pt 22 ISP NIE] H/IMA EHH PRt 22
Mn 107 59.46 11.32 37.55 16.07 17.94 322 10.81 5.29
Fe 102 272 0.44 1.52 0.66 0.76 0.11 0.32 0.22
Cu 107 857.74 33.55 234.30 244.40 240.21 4.96 78.02 57.32
Ga 107 19.12 0.05 5.84 7.79 40.12 0.44 19.09 13.44
Ge 107 624.21 96.25 24433 178.97 169.17 1.54 43.22 42.80
Ag 107 94.93 30.14 53.65 24.20 95.74 5.49 41.92 23.35
cd 107 3589.09 33.75 1506.86 1230.18 9061.67 1276.70 3681.55 2549.88
In 107 0.23 - 0.08 0.09 0.26 - 0.10 0.10
Pb 10°° 1863.47 24.10 412.53 508.17 459.49 82.75 261.52 127.07
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Fig. 5 Time resolution curves of trace elements of Sp I stage (a) and Sp Il stage (b) sphalerite in Wusihe deposit.
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Fig. 7 Line diagrams of sphalerite girth and trace elements in Wusihe deposit.
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Mineral Typomorphic Characteristics and Deposit Genesis of Germanium-
Enriched Sphalerite from Wusihe in the Southwestern Margin of the
Yangtze Block

SUN Shigiang, CHEN Cuihua’, ZHAO Wenhao, LAI Xiang, MA Tiangi, ZHANG Haijun,
QIAO Mengyi, SONG Zhijiao, CHEN Xiaojie, GU Ying
(School of Earth and Planetary Sciences, Chengdu University of Technology, Chengdu 610059, China)

HIGHLIGHTS

(1) Microscopic spectrophotometry and LA-ICP-MS analysis were used to quantitatively analyze the physical color
and chemical trace elements of Ge-enriched sphalerite, and the differential enrichment of Ge was found in two-
stage sphalerite.

(2) Ge exists in the form of isomorphism in two-stage sphalerite, with replacement of 2Cu'+Ge*"«<>3Zn*" and
Ge'"+2(Cu, Ag)"—3Zn*", respectively.

(3) Ge is more easily enriched in sphalerite with high reflective color saturation, and the mineral type of sphalerite

indicates that the deposit should be of medium low temperature and Mississippi Valley-type.

ABSTRACT: The Wusihe lead-zinc deposit, situated at the southwestern margin of the Yangtze Block and a
prominent Ge-enriched deposit within the Sichuan—Yunnan—Guizhou lead-zinc metallogenic belt, faces ongoing
debates regarding its genesis. The influence of sphalerite typomorphic characteristics on Ge enrichment and
substitution mechanisms within the deposit remains a crucial puzzle to unravel. To address this, the paper employs
quantitative analyses using microscopic spectrophotometry and laser ablation-inductively coupled plasma-mass
spectrometry (LA-ICP-MS). The results reveal the presence of two sphalerite stages during the hydrothermal period:
a darker Stage I and a lighter Stage II. Despite similar mean values for visual reflectance and the dominant
wavelength of reflectance color, the mean reflectance color saturation differs (0.048 and 0.043, respectively), with
corresponding average Ge contents of 244.33x10 °ug/g and 43.22x10 °ug/g, respectively. The experimental
outcomes conclude that Ge exists in sphalerite as isomorphism and is more concentrated in sphalerite with higher
reflectance color saturation. The ore-forming temperature is medium to low, classifying the deposit as a Mississippi
Valley-type lead-zinc deposit. The BRIEF REPORT is available for this paper at http://www.ykes.ac.cn/en/
article/doi/10.15898/j.ykes.202406210138.

KEY WORDS: Ge-enriched lead zinc deposit; characteristics of sphalerite morphology; substitution mechanisms;
microscopic spectrophotometer; laser ablation-inductively coupled plasma-mass spectrometry; isomorphism;

Mississippi Valley-type lead-zinc deposit

BRIEF REPORT
Significance: Germanium (Ge) is widely used in important fields such as semiconductors, infrared optics, optical
fibers, polymerization catalysts, and medicine, due to its excellent thermal conductivity, electrical conductivity, high

(2] Notably, nearly three-quarters of industrial Ge worldwide is

refractive index, and low dispersion properties
sourced from sphalerite in lead-zinc deposits”*!. The mineralogical typomorphic characteristics of sphalerite can
often effectively reflect the formation environment and genetic type of the deposit’™®. Therefore, conducting deep
research on the enrichment mechanism of Ge in lead-zinc deposits and the typomorphic features of Ge-enriched
sphalerite is not only significant for further understanding the mineralization patterns of Ge-enriched lead-zinc
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deposits, but also holds practical value for the exploration and development of Ge resources.
The Wusihe lead-zinc deposit, located on the southwestern edge of the Yangtze Block, is an important lead-
zinc polymetallic deposit in the Sichuan—Yunnan—Guizhou metallogenic belt. Experts and scholars have gained a

deep understanding of its metallogenic geological background!?!, sources of metallogenic materials!'*"*,

[14.16] 114161 “and deposit genesis!"*). Luo et al.l'®

characteristics of metallogenic fluids , petrogeochemical features
also discovered differential enrichment of Ge in sphalerite from different stages within this deposit. Whether the
typomorphic characteristics of sphalerite affect the enrichment of Ge remains worthy of further investigation.
Additionally, there are still two differing views on the genesis of the Wusihe lead-zinc deposit: one as a sedimentary
exhalative (SEDEX) deposit'"*! and the other as a Mississippi Valley-type (MVT) deposit!*'*'®.

Therefore, focusing on typomorphic characteristics of Ge-enriched sphalerite and the genesis of the deposit in

this area, two testing methods are primarily adopted: microscopic spectrophotometry and LA-ICP-MS. Based on the
test results, it investigate the relationship between the mineral typomorphic characteristics of sphalerite and the
enrichment of Ge, as well as the implications of the former for ore-forming temperatures and the genesis of ore
deposits. Research finds that microscopic spectrophotometry can quantitatively measure the visual reflectance (R.;),
dominant reflectance wavelength (4,), and mean reflectance saturation (P,, of sphalerite. These characteristics of
sphalerite have certain indicative significance for ore-forming temperatures, types of ore deposit genesis, and
element enrichment patterns. Sphalerite with high P, value is more enriched in Ge, and the ore deposit has a medium-
to-low ore-forming temperature with a MVT genesis.
Methods: The experimental samples were primarily sourced from the Wusihe lead-zinc deposit located on the north
bank of the Dadu River. Based on field geological investigations, systematic sampling was conducted in mining
areas 1, 2, 5, and 12 (as shown in Fig.1c). The preparation of thin sections and probe slices was completed at the
Rock and Mineral Testing Center of the Hebei Geological Survey and Mapping Institute, with the thin sections
polished to dimensions of 3.7cmx*2.6cmx0.6cm and the probe slices to a thickness of 150um.

Microscopic observations of the thin sections and probe slices were performed at the Comprehensive Rock and
Mineral Identification Laboratory of the College of Earth and Planetary Sciences, Chengdu University of
Technology, using a NiKon LV100POL polarized light microscope equipped with a NiKon DS-Ri2 imaging system.

In situ spectrophotometric analysis of sphalerite was conducted at the National Key Laboratory of Oil and Gas
Reservoir Geology and Development Engineering, Chengdu University of Technology. The spectrophotometric
testing system used was the Axio Scope.Al high-resolution microscope equipped with polarized light analysis
functionality, jointly produced by Carl Zeiss GmbH and J&M, and paired with the &MSP 400 spectral measurement
system. The light source model was HBO 100, and the light-receiving element was a photomultiplier tube
containing multiple curved-surface shaped dynodes, an anode, and a cathode, capable of measuring mineral particles
as small as 0.5pm under high magnification. The test beam spot was set to 20umx20um. The laboratory used double-
layered light-blocking curtains, with an outer layer of light blue and an inner layer of red-black, to subtract spectral
interference. Before testing, all polished sample surfaces were re-polished using diamond spray (grain size W=1pum).
The spectrophotometer was turned on, and after the instrument stabilized (30min), standard sample calibration and
sensitivity adjustments were performed. During testing, the standard sample was recalibrated every 15min, and the
standard sample parameters are listed in Table 1. Quantitative calculation of reflectance was performed using the
“Selective Wavelength Coordinate Method for Average Daylight” as described by Hardy et al**.

LA-ICP-MS in situ trace element content testing was completed at the Wuhan Shangpu Analysis Technology
Co., Ltd. The GeolasPro laser ablation system consisted of a COMPexPro 102 ArF 193nm excimer laser and
MicroLas optical system, manufactured by Teledyne Cetac Technologies, model Analyte Excite. The ICP-MS
analyzer used was the Agilent 7700e Inductively Coupled Plasma-Mass Spectrometer (Agilent Corporation, USA).
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During laser ablation, helium was used as the carrier gas (370mL/min), and argon as the compensation gas to adjust
sensitivity. Both gases were mixed through a T-connector before entering the ICP. The laser ablation system was
equipped with a signal smoothing device to maintain the stability of the ablation signal. The laser beam spot and
frequency used in this analysis were 32um and 6Hz, respectively, with an energy density of 3.0J/cm?. The ablation
sample signal duration was 40s, the gas background signal duration was 20s, and the washout gas signal duration
was 30s. After every 10 test points, 1 NIST610 (synthetic silicate glass standard material), and 2 MASS-1 (sulfide
standard samples) were added for correction. Quantitative calculation of element mass fractions was performed
using the “Internal Standard-Free Matrix Normalization Method” as described by Liu et al**!,

Photographs taken with the polarized light microscope were processed using NIS-Elements BR software; LA-
ICP-MS trace element test data were processed using ICPMS DataCal software; sphalerite reflectance color index
test data were processed using Spectra Forensic software. During this testing process, if the relative error of the
standard sample minerals was less than 1%, the measured relative error could be controlled within 2%.

Data and Results: The test results obtained using a microspectrophotometer (Table 2) reveal that the average R,
values for the two stages of sphalerite (Sp I and Sp II') are 16.126% and 16.187%, respectively; the average A4
values are 474.179nm and 474.164nm, respectively; and the average P, values are 0.048 and 0.043, respectively.
The LA-ICP-MS test results (Table 3) indicate that the Ge contents of Sp I and Sp Il are 244.33x10 ° and
43.22x10°°, respectively. In the test results of the microspectrophotometer, the error of visual reflectance is less than
0.3%, the error of the main band of reflection color is less than 1nm, and the error of color saturation is less than
0.001. In the test results of the microspectrophotometer, there is little difference in visual reflectance and the main
band of reflection color among different stages of sphalerite, but there is a relatively large difference in color
saturation. Compared with Lai et al'® test results for four lead-zinc deposits, it also shows the characteristics of little
difference in visual reflectance and the main band of reflection color, but a relatively large difference in color
saturation, which may be due to the characteristics of sphalerite itself. The detection limit of LA-ICP-MS can reach
the ng/g level, with significant differences. Therefore, **S and *’Fe with low natural abundance are used for
detection. When measuring the element Ge, the mass spectral peaks of elements such as Zn, Zr, Sm, Nd, Ce, and Sn
overlap and cause interference. Specifically, "°Zn and '*°Ge®” interfere with °Ge, '**Sm”" and '**Nd*" interfere with
"Ge, and '**Sm®" and '*®Nd*" interfere with "*Ge. Because the content of Sm and Nd in sphalerite samples is
generally less than 10ug/g, the interference on "*Ge is relatively small. Moreover, "*Ge also has high sensitivity, so
"Ge is selected as the measurement isotope. Other detected elements include Mn, ®Cu, *Zn, "'Ga, '07Ag, ed,
204pp, 20pb, 2P, 2°Pb, etc. The spot size selected for LA-ICP-MS testing is 32um, which is closer to the spot size
(20pm) of the microspectrophotometer, ensuring the accuracy of trace element test results and a higher degree of

matching with the test results of the microspectrophotometer.
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