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Fig. 1 Geological map, typical hand specimens, and microscopic images of the Zhaojinggou tantalum-niobium deposit in Inner
Mongolia e
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Fig.2 Characteristic parameters of short wave infrared

spectrum.
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Fig. 3 (a) Near-infrared raw spectra of typical rocks and minerals; (b) Average near-infrared raw spectra of typical rocks and minerals

(shaded area represents+standard deviation, indicating the range of variation), along with the USGS spectral library spectra of

albite.
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Fig. 4 Continuum removal of the near infrared spectral curves

of the main rocks and minerals in Zhaojingou.
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Table 2 Characteristic parameters of continuum removal of the main rocks and minerals in Zhaojingou.
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Fig. 5 (a) Thermal infrared raw spectra of typical rocks and minerals; (b) Average thermal infrared raw spectra of typical rocks and

minerals (shaded area represents+standard deviation, indicating the range of variation), along with the USGS spectral library

spectra of quartz.
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Spectral Identification Characteristics of Typical Rocks and Minerals in
Alkali Feldspar Granite Type Nb-Ta Deposits in Central Inner Mongolia

WANG Feicui, WANG Daming* , LI Xusheng, ZHANG Bo, WEIlJialin, CAO Siqi, TONG Yunxiao
(Tianjin Center, China Geological Survey (North China Center for Geoscience Innovation), Tianjin 300170, China)

HIGHLIGHTS

(1) Amazonitization albite granite exhibits a unique weak absorption feature near 2360nm, distinguishing it from
other minerals.

(2) Quartz veins containing wolframite display high reflectance and “three-peak” features in the thermal infrared
spectrum, particularly between 8pum to 10um, facilitating precise identification.

(3) Despite their similar spectral shapes, Nb-Ta enriched albite granite, amazonite pegmatite, and biotite
monzogranite can be distinguished by the absorption depth and the ratio of absorption peak intensity around
2200nm.

ABSTRACT: Located in the central region of Inner Mongolia, within the southern segment of the Daxing’anling-
North China Craton metallogenic belt, the area is notable for its widespread distribution of alkaline granite-type
niobium-tantalum (Nb-Ta) deposits. Despite the region’s rich Nb-Ta resources, a comprehensive understanding of
its spectroscopic characteristics remains inadequate, hindering precise and efficient mineral exploration. This study
focuses on the Zhaojinggou large Nb-Ta deposit, employing portable short-wave infrared and thermal infrared
spectrometers to analyze typical rock and mineral samples. The research reveals distinctive spectroscopic features of
Nb-Ta enriched albite granite, amazonitization albite granite, amazonite pegmatite, biotite monzogranite, and
wolframite-quartz vein. Comparative analysis, particularly against the standard sodium granite spectrum from the
— 109 —
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USGS spectral library, identifies a specific weak absorption feature at 2360nm, crucial for distinguishing
amazonitization albite granite from other rocks and minerals, likely attributed to rock alteration and mineralization
processes. In thermal infrared spectroscopy, quartz veins containing wolframite are distinguished by their high
reflectance and “three-peak” features. Despite their similar spectral shapes, Nb-Ta enriched albite granite, amazonite
pegmatite, and biotite monzogranite can be distinguished by the absorption depth and the ratio of absorption peak
intensity around 2200nm. These findings provide a foundational dataset for future remote sensing surveys and
evaluations of Nb-Ta mineral resources. The BRIEF REPORT is available for this paper at http:/www.
ykcs.ac.cn/en/article/doi/10.15898/j.ykes.202401090001.

KEY WORDS: Nb-Ta deposits; spectral characteristic parameters; near-infrared spectroscopy; thermal infrared

spectroscopy

BRIEF REPORT

Significance: Niobium (Nb) and tantalum (Ta) are rare refractory metals with crucial and unique properties essential
for technological advancements across multiple industries''*. However, China has long faced shortages in the
supply of rare metals such as Nb and Ta. Despite previous exploration efforts, the resources often have low grades,
making economic beneficiation challenging and resulting in many resources becoming “fallow ores” that are
difficult to utilize"!. Given the current situation, there is an urgent need to enhance research on the exploration,
development, and utilization of these critical mineral resources to meet the demand for rare metals driven by
economic development. Infrared spectroscopy technology excels in identifying and extracting alteration mineral
types in mineral deposits. Based on characteristic spectral changes of typical alteration minerals, this technology can
be used to accurately track mineralization centers and construct efficient spectral survey models. These models
provide scientific and reliable guidance for further exploration in the region, enabling geological surveyors to more
accurately locate potential ore deposits and improve exploration efficiency. However, current spectral understanding
of alkaline granite-type Nb-Ta deposits characteristics such as Tianhe petrochemical granite and sodic granite, as
well as wall-rock alteration features, remains relatively weak and requires further research.

The Zhaojinggou deposit is a large rare metal deposit primarily consisting of Nb-Ta discovered in recent years

in the central part of Inner Mongolia, where co-occurring tungsten ores also hold significant economic value!™ """,
Influenced by multiple phases of tectonic magmatic activity, mineral-bearing hydrothermal fluids in the area have
overlaid and transformed rock bodies, making it extremely challenging to distinguish and classify hydrothermal
alteration zones. Although the hydrothermal alteration zones in the Zhaojinggou deposit do not exhibit distinct
zonation characteristics, there is a close spatial relationship between alkaline petrochemical and Nb-Ta
mineralization zones”"*'!. Therefore, in this study, alkaline granite veins with prominent exposure conditions and
identification features of rare metal content are researched to obtain spectral characteristic information of different
geological bodies and typical minerals in the study area. This will provide a spectral basis for future remote sensing
geological exploration of the region and lay a theoretical foundation for remote sensing surveys of rare metals in the
area.
Methods: This field sampling involved a total of 16 points, covering the main veins in the Zhaojinggou area.
Sixteen samples were collected. A portable field spectrometer (CSD350) was used for near-infrared spectrum
analysis, covering the wavelength range of 350 to 2500nm with spectral resolutions of 3—4nm@(350—950nm) and
7-10nm@)(950—2500nm). Thermal infrared spectroscopy was conducted using a portable Fourier transform infrared
spectrometer (Agilent 4300 Handel FTIR), covering the wavelength range of 4000—-650cm™ (2.5—15.37um) with a
spectral resolution of 4cm™'. Following established methods and considering the complex mineral composition, all
spectral measurements were conducted indoors. Three collection points were selected on the fresh surface of each
— 110 —
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sample, with 5 spectral curves collected per point. In the absence of errors or anomalies, the arithmetic average of 15
spectral reflectance curves was used as the final spectral reflectance. Additionally, the spectrometer was calibrated
every 10min to ensure accuracy and stability, thereby enhancing the precision and reliability of the experimental
datal'”-¥,

Continuous wavelet transform was used to enhance the original spectra, effectively highlighting features within

the spectral curves and reducing the influence of noise!”*"

. Three key spectral parameters (absorption peak
position, absorption depth, and the ratio of absorption peak intensity) were selected to reveal mineral characteristics.
Data and Results: In the spectral range of 350—2500nm and 6000—15000nm, the original and average spectra of
rock and mineral samples (Fig.3a, Fig.5a), sodium feldspar spectra from the USGS library (Fig.3b, Fig.5b) and
continuous wavelet transform spectra (Fig.4, Fig.6) were compared to explore the spectral heterogeneity of typical
rock minerals in Zhaojinggou area. Nb-Ta enriched albite granite, amazonite pegmatite, and biotite monzogranite
exhibit significant and similar absorption features in specific wavelength regions; in contrast, amazonitization albite
granite shows lower and smoother reflectance, while wolframite-quartz veins exhibit distinct low reflectance and
lack prominent absorption features in the near-infrared spectral range, distinguishing it from other samples. From
Fig.4 and Table 2, differences in absorption depth at 2200nm (Nb-Ta enriched albite granite>> biotite
monzogranite > amazonitization albite granite>> amazonite pegmatite) and the ratio of absorption peak intensity
(amazonitization albite granite™> Nb-Ta enriched albite granite> biotite monzogranite>> wolframite-quartz
vein>biotite monzogranite) distinguish rock minerals. Additionally, amazonitization albite granite exhibits unique
optical characteristics in spectral analysis, specifically a noticeable weak absorption feature near the 2360nm
wavelength, which can aid in identifying amazonitization albite granite.

Based on the region’s emissivity levels, wolframite-quartz veins are accurately identified, which exhibit high
reflectance and a distinctive “triple peak” feature in the 8—15um range, distinguishing them clearly from other
minerals and rocks”™. The thermal infrared spectra of Nb-Ta enriched albite granite, amazonitization albite granite,
amazonite pegmatite, and biotite monzogranite are similar, with lower reflectance and “double peak” features. From
Fig.6 and Table 3, it is evident that wolframite-quartz veins exhibit high absorption spectral features at 12pum,
clearly differentiated from other minerals and rocks. Meanwhile, although Nb-Ta enriched albite granite,
amazonitization albite granite, amazonite pegmatite, and biotite monzogranite have similar spectral shapes, they can

still be distinguished by reflectance magnitude and specific absorption feature parameters at certain wavelengths.
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