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Abstract: The Mesozoic composite plutons widely distributed in South China are closely associated with rare
metal mineralization. However, their genetic mechanisms remain highly debated. To constrain the petrogenetic
model of such intrusions, this study focuses on the Jiuyishan composite pluton in southern Hunan, employing

integrated whole-rock geochemistry, zircon U-Pb geochronology, and in situ Hf isotopic analysis. Zircon U-Pb
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dating yields weighted mean ages of 153.0 + 1.0 Ma, 153.1 £ 0.9 Ma, and 153.8 + 1.5 Ma for the Shaziling,
Jinjiling, and Pangxiemu plutons, respectively, indicating their emplacement during the early Yanshanian period.
Whole-rock Sr-Nd and zircon Hf isotopic compositions suggest that these rocks were derived primarily from
partial melting of ancient lower crust with minor mantle input, and are classified as Ax-type granites formed in an
intraplate extensional setting. Based on Rayleigh fractionation modeling of the whole-rock Rb-Sr system, we
propose a multi-stage crystallization differentiation model: initial crystal mush underwent melt extraction at
40%-50% crystallinity, with the residual cumulates forming the Shaziling pluton, while the extracted melt
subsequently migrated and experienced further differentiation, eventually emplacing as the Jinjiling and
Pangxiemu plutons. This model provides new constraints on the magmatic evolution of Mesozoic composite

plutons in South China and their implications for rare metal enrichment.

Key words: Jiuyishan composite pluton; Zircon; Rayleigh fractionation modeling; Crystal mush model
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Fig.1 (a) Tectonic Location Map; (b) Distribution Map of Magmatic Rocks in the Nanling Region (modified after Shu et al., 2011)
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Fig.2 Hand specimens and micrographs of samples from Shaziling, Jinjiling, and PangxieMu pluton. (a) Hand
specimen of granite sample 24SZL-3 from Shaziling pluton; (b) Hand specimen of granite sample 24SZL-22 from
Shaziling pluton; (c) Micrograph of granite sample 24SZL-3 from Shaziling pluton; (d) Hand specimen of granite

sample 24JJL-4 from Jinjiling pluton; (¢) Hand specimen of granite sample 24JJL-48 from Jinjiling pluton; (f)
Micrograph of granite sample 24JJL-4 from Jinjiling pluton; (g) Hand specimen of granite sample 24PXM-4 from

Pangxiemu pluton; (h) Hand specimen of granite sample 24PXM-22 from Pangxiemu pluton; (i) Micrograph of

granite sample 24PXM-22 from Pangxiemu pluton.
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Fig. 3 Jiuyishan composite pluton. (a)TAS classification diagram; (b) A/CNK-A/NK diagram.
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Fig. 5 Cathodoluminescence (CL) images of representative zircons (a) Samples from Shaziling pluton; (b) Samples
from Jinjiling pluton; (¢) Samples from Pangxiemu pluton; Red circles indicate the U-Pb dating locations, and

green circles indicate the positions for Hf isotope analysis.
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Samples from the Shaziling pluton; (b): Samples from the Jinjiling pluton; (c): Samples from the Pangxiemu

pluton.
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3 %X (Hoskin, 2005; Schaltegger, 2007; Wang et al., 2024) . A K LA-ICP-MS #i 47 U-Pb
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49 153.0+1.0 Ma, 153.1£0.9 Ma, 153.8+1.5Ma (& 6). XSk e 45 1 5 m0 A\ S
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Th/Pb LUfl: S BUAE R A8 A U LA Pb & & % Th/Pb LU NARE: A BUER B AN S
AT = H2ZIE (Wangetal, 2012). AREF5EH, BbFILEAE A Po & &N 3.44-11.8 ppm,
Th y 55.7-151 ppm; & ASI&E1A Pb &y 3.25-13.1 ppm, Th Jy 82.7-195 ppm; U5 K 51K Pb
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Fig. 11 Crystallization differentiation modeling diagram for the Jiuyishan composite pluton.
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