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1 Introduction 
 
High-Mg andesites (HMAs) are a type of andesite 
characterized by elevated MgO (>5%), Mg# Ó 45 [Mg# = 
100Mg/(Mg + Fe2+)]), Al2O3 < 16%, CaO < 10%, and 
(TFeO/MgO) < 1.5 (Kelemen, 1995; Tatsumi, 2006). 
HMAs are distinct from typical andesites and often form 
in active continental margin and island arc settings. They 
are derived from the mantle and undergo significant 
interactions with subducted materials (Defant and 
Drummond, 1990; Martin et al., 2005; Tatsumi, 2006; 
Manya et al., 2007). Consequently, the unique 
composition of HMAs and their occurrence in specific 
tectonic settings make these rocks important for 
understanding subduction dynamics and related mantle 
metasomatism, including those associated with Paleo-
Tethyan or Paleo-Pacific domain. 
The South China Block (SCB), which formed through 
the Neoproterozoic amalgamation of the Yangtze and 
Cathaysia blocks (Li et al., 2009; Wang et al., 2013; 
Cawood et al., 2018; Shu et al., 2021), is bordered to the 
west by the Simao, Sibumasu, and Indochina blocks, 

separated by the JinshajiangïAilaoshanïSong MaïHainan 
suture zone (Fig. 1a) that formed after closure of the Paleo-
Tethys Ocean (Wang X F et al., 2000; Jian et al., 2009a, b; 
Faure et al., 2014, 2016; Lai et al., 2014; Wang Y J et al., 
2018, 2021a; Wang Y N et al., 2021b; Wang Y et al., 2022; 
Zhen et al., 2024). Permian to Triassic ultramaficïmafic 
rocks, A-type granitoids, rhyolites, and HMAs are widely 
distributed along the southwestern margin of the SCB and 
the northern Vietnam terrane, preserving critical evidence 
for the subduction of the Paleo-Tethys or Paleo-Pacific 
Ocean, and the amalgamation history of the SCB with 
adjacent terranes (Thanh et al., 2014; Chen et al., 2016; 
Halpin et al., 2016; Duan et al., 2020, 2022; Gan et al., 
2021; Jiang et al., 2021; Wang Y N et al., 2021b; Xiang et 
al., 2022; Huang et al., 2023). However, due to the limited 
availability of detailed studies on the geochemical 
characteristics of magmatic rocks and related magmatic 
processes, the tectonic-magmatic evolution model remains 
controversial, particularly regarding whether subduction 
was dominated by the Paleo-Pacific Ocean (e.g., Thanh et 
al., 2014; Jiang et al., 2021; Wang Y N et al., 2021b; Duan 
et al., 2022) or the Paleo-Tethys Ocean (e.g., Cao et al., 

 

 

 

Petrogenesis of PermianïTriassic Sanukites in the Funing 

Area, South China: Insights into Backarc Basin Magmatism 

Driven by Paleo-Tethys Plate Subduction 
 
 
LI Zhenglin1, LIU Xijun1, 2, *, SONG Yujia1, ZHAO Bing1, LIU Lei1, 2, YU Hongxia1 and SHI Yu1 

 
1 Guangxi Key Laboratory of Hidden Metallic Ore Deposits Exploration, College of Earth Sciences, Guilin University of  

  Technology, Guilin, Guangxi 541004, China 
2 Collaborative Innovation Center for Exploration of Nonferrous Metal Deposits and Efficient Utilization of Resource, Guilin  

  University of Technology, Guilin, Guangxi 541004, China 

 

 

Abstract: High-Mg andesites (HMAs) typically originate in subduction-related tectonic settings, including active 

continental margins and island arcs, and studies of HMAs can constrain the tectonic evolution of the South China Block and 

Paleo-Tethyan Ocean. This paper presents new chronological and geochemical data for high-Mg gabbroic diorites in the 

Funing area, southern South China. The gabbroic diorites yield ages of 254ï249 Ma, and have moderate SiO2 contents (51.3%

ï57.8%), high MgO contents (4.6%ï10.2%) and Mg# values (52ï75), enrichment in large-ion lithophile elements and light 

rare earth elements, and depletion in high-field-strength elementsðcollectively displaying geochemical signatures typical 

of sanukites. The gabbroic diorites have radiogenic initial Sr and Pb isotopic compositions, and negative ŮNd(t) and ŮHf(t) 

values. These characteristics distinguish the Funing gabbroic diorites from subduction-related igneous rocks in the Paleo-

Pacific tectonic domain. Instead, they are isotopically similar to HMAs and basalts along the Paleo-Tethys suture. We 

propose the high-Mg gabbroic diorites and basaltic andesites in Funing area share a common mantle source, linked to 

subduction and rollback of the Paleo-Tethyan plate beneath the South China Block, which triggered back-arc rifting and 

partial melting of the metasomatized lithospheric mantle during the Late Permian to Early Triassic. 

 
Key words: high-Mg gabbroic diorite, Funing area, southern South China, Paleo-Tethys Plate  

Citation: Li et al., 2026. Petrogenesis of PermianïTriassic Sanukites in the Funing Area, South China: Insights into Back-

arc Basin Magmatism Driven by Paleo-Tethys Plate Subduction. Acta Geologica Sinica (English Edition), 100(1): 121ï136. 

DOI: 10.1111/1755-6724.70020 

* Corresponding author. E-mail: Xijunliu@glut.edu.cn 

Acta Geologica Sinica (English Edition), 2026, 100(1): 121ï136 

É 2025 Geological Society of China 

http://www.geojournals.cn/dzxbcn/ch/index.aspx; https://onlinelibrary.wiley.com/journal/17556724 

 

 

file:///D:/2025-6/GQY-AGS-2025-082%20LI%20Zhenglin（待排版）/AGS-2025-082%20Li%20Zhenglin-20251121（待排版）.docx#_ftn1#_ftn1


    122 Li et al. / Petrogenesis of Triassic Sanukites in Funing 

 

2022; Xiang et al., 2022; Huang et al., 2023). 
The Nanpanjiang Basin (NPJB) in the southern SCB 
was influenced by multiple geodynamic processes during 
the PermianïTriassic, including the upwelling of the 
Emeishan mantle plume and the subduction of both Paleo-
Tethys and Paleo-Pacific oceanic lithosphere. Widespread 
PermianïTriassic magmatic rocks with arc- or backarc- 
like characteristics are exposed throughout the NPJB, 
providing a valuable opportunity to investigate the 
tectonic setting and evolutionary history of the South 
China Block. Mg-enriched igneous rocks in the NPJBð
such as basaltic andesites, gabbronorites, and gabbroic 
diorites with MgO contents ranging from 4.9% to 11.5%ð
exhibit geochemical affinities comparable to HMAs, but 
these rocks have not been formally recognized as such in 
previous studies (e.g., Zhou et al., 2005; Jiang et al., 
2021). In this study, we present comprehensive zircon U-
Pb age data, pyroxene chemistry, whole-rock geochemical 
compositions, Sr-Nd-Pb-Hf isotopic data, and zircon Hf 
isotopic signatures from high-Mg gabbroic diorites in the 
Funing area. These data are used to constrain the 
petrogenesis, mantle source characteristics, and tectonic 
setting of these rocks, and further provide insights into the 
regional tectonic evolution of the SCB. 

 
2 Regional Background and Petrography 

 
The Emeishsan large igneous province (ELIP) formed 

during the Late Permian (ca. 260 Ma), spans >500,000 
km2 and resulted from the Emeishan mantle plume 
impinging on the overlying continental lithosphere (Chung 
and Jahn, 1995). The ELIP is stratigraphically and 
tectonically partitioned into inner, middle, and outer zones 
based on lithological, geochemical, and geophysical 
signatures (He et al., 2003, 2007; Xu et al., 2004). Igneous 
lithologies within the ELIP primarily comprise high-Ti 
(TiO2 > 2.8%, Ti/Y > 500) and low-Ti (TiO < 2.8%, Ti/Y < 
500) basalts, alongside maficïultramafic layered 
intrusions, with subordinate boninites, granites, rhyolites, 
and trachytes (Xiao et al., 2004; Xu et al., 2004, 2007; Ali 
et al., 2005; Shellnutt, 2014). High-Ti basalts dominate the 
ELIP, reflecting lower-degree partial melting of deeper 
mantle plume sources, while low-Ti basalts and alkaline 
rocks are concentrated in the inner zone, indicating higher-
degree melting of shallower plume components (Xu et al., 
2001, 2004; Liu et al., 2016). 
The NPJB occupies the southern margin of the SCB 

(Fig. 1a) and lies within the ELIP's outer zone. The basin 
developed on Paleozoic basement rocks, with its evolution 
intrinsically linked to Paleo-Tethys Ocean tectonics (Wang 
et al., 2013). During the Devonian to Permian, the NPJB 
was characterized by extensional tectonics, manifested as 
alternating shallow-water platform and deep-water basin 
facies Emeishan plume-driven maficïultramafic 
magmatism occurred along the platform margin during 
this interval. By the Late Permian to Middle Triassic, most 

    
 

Fig. 1. Sketch map of the Nanpanjiang Basin and adjacent areas (modified after Cai and Zhang, 2019), with the box indicating 

the area shown in Fig. 2. 
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of the basin was affected by the subduction of Paleo-
Tethys oceanic lithosphere, which led to the development 
of an arc-shaped magmatic belt (i.e., the DianïQiong belt) 
in the southern part of the basin (Fig. 1b). After post-
collision between Indochina and South China blocks, the 
basin was buried by Early Triassic onwards mudstoneï
siliciclastic turbidites, with sedimentation ceasing by the 
Late Triassic (Cai and Zhang, 2009; Yang et al., 2012; Cai 
et al., 2014; Duan et al., 2020). 
The Funing area is situated centrally within the NPJB, 
approximately 200 km north of the AilaoshanïSong Ma 
suture zone (Fig. 1b). Stratigraphically, the area exposes 
Cambrian through Quaternary sequences, though Upper 
Ordovician, Silurian, Upper Triassic, and Cretaceous units 
are absent, which is consistent with regional 
unconformities or non-deposition (YNBG, 1978). 
Structurally, the region is dissected by NWïSE- and NïS-
trending fault systems, reflecting PaleozoicïMesozoic 
tectonic reactivation. Igneous rocks are widespread, 

comprising two principal phases: (1) Permian mafic 
intrusions (massive alkali diabases and basalts) with 
zircon U-Pb ages of 260ï255 Ma (Zhou et al., 2005; Han 
et al., 2022), emplaced into DevonianïPermian strata; and 
(2) Triassic magmatic rocks (high-Mg basaltic andesites 
and gabbroic dikes) dated at 258ï244 Ma (Zhou et al., 
2005; Jiang et al., 2021; Xiang et al., 2022).  
Mafic dikes in Funing are dominated by gabbroic 

diorites and gabbronorites, intruded into Devonianï
Permian host strata (Fig. 2). Three prominent gabbroic 
dike complexes, including Anding, Banlun, and Nagu are 
exposed in southern Funing, these dikes range from 10ï
300 m in width and 3ï10 km in length. In this study, we 
collected 23 samples from these three dikes. 
Petrographically, these samples are gabbroic diorites that 
are fine- to medium-grained textures (Fig. 3a, b) and 
consist of plagioclase (40%ï45%), pyroxene (35%ï40%), 
amphibole (<10%), and minor magnetite (<5%) (Fig. 3c, d).  

 

    
 

Fig. 2. Geological map of the Funing area in southeast Yunnan Province. 
(a) Distribution of igneous rocks in the Funing area of Southeast Yunnan (modified from the Geological Map of Funing in Yunnan Province 

[1:200,000]); (b) stratigraphy of the DevonianïUpper Triassic volcanicïsedimentary rocks in the Funing area. The ages for the diabases, diorites, and 

basaltic andesites are from Zhou et al. (2005), Jiang et al. (2021), Han et al. (2022) and Xiang et al. (2022). 
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3 Analytical Methods 
 
All analyses were carried out at the Guangxi Key 
Laboratory of Hidden Metallic Ore Deposits Exploration, 
Guilin University of Technology (GLUT) (Liu et al., 
2023), Guangxi, China. Zircon U-Pb dating and mineral 
trace element analyses were undertaken with a Geolas HD 
excimer ArF laser ablation system (Coherent Incorporated; 
USA) coupled to an Agilent 7900 inductively coupled 
plasma mass spectrometer (LA-ICP-MS). Whole-rock 
major and trace elements were analyzed with a ZSX 
Primus II X-ray fluorescence (XRF) spectrometer and 
Agilent 7900 ICP-MS, respectively. Whole-rock Sr-Nd-Pb-
Hf isotope ratios were measured with a Neptune Plus 
multi-collector-ICP-MS (MC-ICP-MS; Thermo Fisher 
Scientific; Germany). 

 
3.1 Zircon U-Pb dating and Hf isotopic analysis 
During zircon U-Pb dating, He was used as the carrier 
gas to enhance the transport efficiency of the ablated 
material. A laser spot diameter of 32 ɛm was used to 
ablate the zircons. Contents of U, Th, and Pb were 
calibrated using 29Si as an internal standard and NIST 
SRM 610 as a reference standard. Data processing was 
performed offline using ICPMSDataCal (Liu et al., 2010). 

All measurements were normalized to the standard zircons 
GJ-1 and 91500.  
In situ Hf isotope ratios were measured with the 

Neptune Plus MC-ICP-MS coupled to the LA system. All 
data were acquired on zircon in single-spot ablation mode 
with a spot diameter of 44 ɛm. The LA energy density was 
~6.0 J/cm2. Each measurement consisted of 20 s of 
background data acquisition followed by 50 s of sample 
data acquisition. 

 
3.2 Pyroxene chemistry 
In situ trace element compositions of pyroxene were 

determined with the LA-ICP-MS. The analytical 
conditions and methods were the same as for zircon U-Pb 
dating. Reference glass analyses (NIST SRM 610 and 
612) were analyzed after every seven samples to correct 
for mass discrimination and time-dependent drift. 
Pyroxene calibration was conducted using Si as an internal 
standard and reference glasses (BCR-2G, BIR-1G, and 
BHVO-2G) as external standards. Raw data reduction was 
undertaken using ICPMSDataCal (Liu et al., 2010). 
In situ Pb isotope ratios were measured by the LA-MC-

ICP-MS. All data were acquired in single-spot ablation 
mode, with a laser beam diameter of 44 ɛm and energy 
density of ~5.0 J/cm2. The detailed operating conditions of 

    
 

Fig. 3. Field photographs and photomicrographs of the Funing gabbroic diorites.  
(a) Outcrop of gabbroic diorites in the Funing area; (b) hand specimen of gabbroic diorite; (cïd) photomicrographs of the Funing gabbroic 

diorites. Pl: plagioclase; Hb: hornblende; Px: pyroxene. 


