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Abstract

LA-ICP-MS, with its advantages of in-situ micro-area analysis, near-non-destructiveness, high sensi-
tivity and simultaneous multi-element detection, has effectively overcome the analytical bottle-
necks in tremolite jade research caused by complex mineral composition, fine-grained accessory
minerals, and the difficulty of performing destructive tests on precious samples. It has thus become
a core analytical tool in the study of tremolite jade. This paper first describes the instrumental prin-
ciple of LA-ICP-MS, as well as the challenges and corresponding solutions in precise selection of an-
alytical spots and matrix effect correction. On this basis, typical applications are reviewed from
three major research directions. In the study of mineralization age and deposit genesis, zircon U-Pb
dating combined with CL/BSE imaging has successfully constrained multiple tremolite jade-forming
events from the Paleoproterozoic to the Late Cretaceous, establishing genetic models such as the
regional metamorphic type and the magnesian skarn type. In the study of provenance identification
and ancient tremolite jade tracing, based on trace element and rare earth element geochemical fin-
gerprints combined with multivariate statistical and machine learning discriminant models, accu-
rate discrimination of tremolite jade materials from multiple provenances has been achieved,
providing scientific evidence for the source of tremolite jade materials unearthed from important
archaeological sites such as Sanxingdui, Jinsha, the Qijia Culture, and the Chu King’s Mausoleum in
Xuzhou. In the study of color genesis, through quantitative determination of trace chromogenic
elements (e.g., Fe, Mn, Cr, V) in different color zones and combination with various spectroscopic
techniques including UV-Vis absorption spectroscopy, photoluminescence spectroscopy, and elec-
tron paramagnetic resonance, the color-causing mechanisms have been revealed, including the
gray-purple color induced by Mn?+, the emerald-green color induced by Cr3+, and the yellow color
induced by Fe3+-Ti** synergistic effect.
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Figure 1. Chondrite-normalized REE distribution patterns of tremolite jade from Luodian (Guizhou), Dahua (Guangxi), and
Dazaohuo (Qinghai). ICP-MS data sources: Luodian tremolite jade from Guizhou (Zhang Yadong [18], 2015), Dahua tremolite
jade from Guangxi (Lan Ye [19], 2022), Dazaohuo tremolite jade from Qinghai (Yu Haiyan et al.-[20], 2018).
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