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Geochemistry, geochronology, 
and tectonic significance of 
diorite porphyry from the 
Northern Daheishan Horst in NE 
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LinXuan Guan2, Yinghua Yu2 and Hongqi Yuan2*
1Exploration and Development Research Institute of PetroChina Daqing Oilfield Company Limited, 
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The Daheishan Horst is located in the eastern segment of the Solonker-Xar 
Moron River-Changchun-Yanji Suture (SXCYS), between the eastern margin of 
the Songliao Basin and the Jiayi Fault Zone. The Daheishan Horst serves as a 
critical area for studying the evolutionary processes of the eastern Paleo-Asian 
Ocean (PAO). Current debates persist regarding the formation age, tectonic 
setting, and evolution of magmatic rocks in the Daheishan Horst. To address 
these controversies, this study examines diorite porphyry dikes exposed in Heibei 
Village, Jilin City, Jilin Province, through comprehensive analyses including: 
whole-rock major, trace, and rare earth elements; zircon U-Pb dating; zircon 
Hf isotopes; and whole-rock Sr-Nd isotopes. These investigations aim to 
determine the formation age and tectonic evolution of the magmatic rocks in 
the Daheishan Horst. Key findings include: (1) Zircon U-Pb ages (252.9 ± 3.2 Ma) 
indicate Late Permian emplacement; (2) The magmatic rocks are predominantly 
subalkaline and belong to the medium-K calc-alkaline series. They exhibit 
enrichment in large-ion lithophile elements (LILEs) and light rare earth elements 
(LREEs), with significant depletion in high-field-strength elements (HFSEs: Nb, 
Ta, P, Ti), consistent with arc-type or active continental margin magmatism; (3) 
Zircon Hf and whole-rock Sr-Nd isotopic analyses indicate magma derivation 
primarily from partial melting of depleted mantle sources, with negligible 
contamination from ancient crustal materials; (4) Geochemical signatures 
include positive La/Sm-La correlations, elevated Th contents (6.21–11.66 ppm), 
Th/Yb = 2.52–3.66, Zr/Y = 9.7–11.5, and Ta/Yb = 0.12–0.28. These features 
are diagnostic of oceanic-continental subduction zone magmatism, confirming 
origination from partial melting of subduction-fluid-metasomatized mantle. 
This study concludes that the magmatic rocks of the Daheishan Horst formed 
during subduction beneath an active continental margin. Our results reveal a 
bidirectional subduction with scissor-like closure model along the SXCYS in 
the eastern Paleo-Asian Ocean, with closure propagating westward to eastward 
from the Late Permian to Early/Middle Triassic.

KEYWORDS

Daheishan horst, Jilin Province, zircon U-Pb dating, geochemistry, EasternSegment of 
the Paleo-Asian ocean 

Frontiers in Earth Science 01 frontiersin.org

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org/journals/earth-science#editorial-board
https://doi.org/10.3389/feart.2025.1639022
https://crossmark.crossref.org/dialog/?doi=10.3389/feart.2025.1639022&domain=pdf&date_stamp=
2025-09-04
mailto:yuanhongqi@nepu.edu.cn
mailto:yuanhongqi@nepu.edu.cn
https://doi.org/10.3389/feart.2025.1639022
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/feart.2025.1639022/full
https://www.frontiersin.org/articles/10.3389/feart.2025.1639022/full
https://www.frontiersin.org/articles/10.3389/feart.2025.1639022/full
https://www.frontiersin.org/articles/10.3389/feart.2025.1639022/full
https://www.frontiersin.org/articles/10.3389/feart.2025.1639022/full
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org


Li et al. 10.3389/feart.2025.1639022

 

1 Introduction

  

  

  

  

    
      

       

  
  

  
  

  
       

  

   
 

2 Geological setting

  

  

  

  

3 Sample description and analytical 
methods
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FIGURE 1
(a) Simplified geological map of Northeast China; (b) Simplified geotectonic units map of the Daheishan Horst; (c) simplified geological map of the 
study area. The abbreviations shown in the figure are: XXS, Xinlin-Xiguitu suture zone; HHS, Hegenshan-Heihe suture zone; SXCYS, Solonker-Xar 
Moron-Changchun-Yanji Suture Zone; F1, Derbugan Fault; F2, Nenjiang-Balihan Fault; F3, Central Songliao Basin Fault; F4, Jiamusi-Yilan Fault; F5, 
Dunhua-Mishan Fault; F6, Yuejinshan Fault; F7, Chifeng-Kaiyuan Fault; F8, Gudonghe-Fu’erhe Fault.
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FIGURE 2
Field photographs and photomicrographs of brown-gray altered diorite porphyry. (a) Field photograph of brown-gray altered diorite porphyry; (b)
Hand specimens of brown-gray altered diorite porphyry; (c) Photomicrograph of brown-gray altered diorite porphyry under plane-polarized light; (d)
Photomicrograph of brown-gray altered diorite porphyry under cross-polarized light. The abbreviations shown in the figure are: Pl, plagioclase; Ser, 
sericite; Chl, chlorite; Qtz, quartz; Spn, sphene.
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4 Analytical results

4.1 Zircon U–Pb geochronology

  

  

 

4.2 Geochemical signatures of major 
oxides

  

 

4.3 Trace and rare earth elements (REE)
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FIGURE 3
Zircon LA-ICP-MS U-Pb age diagrams of diorite porphyry samples: (a) Concordia diagram; (b) Weighted mean age plot; (c) Cathodoluminescence (CL) 
images of representative zircon grains.

4.4 zircon Hf isotopic 
characteristics

     
 

4.5 Whole-rock Sr–Nd isotopic 
characteristics

  

5 Discussion

5.1 Geochronology of magmatic rocks in 
the Daheishan horst
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TABLE 2  Whole rock REE and trace element data of magmatic rock samples from the Daheishan Horst.

Sample HBC-YM-1 HBC-YM-2 HBC-YM-3 HBC-YM-
4

HBC-YM-5 HBC-YM-6
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TABLE 2  ( ) Whole rock REE and trace element data of magmatic rock samples from the Daheishan Horst.

Sample HBC-YM-1 HBC-YM-2 HBC-YM-3 HBC-YM-
4

HBC-YM-5 HBC-YM-6

  

FIGURE 4
Petrological classification diagrams of Daheishan magmatic rocks. (a) Total alkalis (Na2O + K2O) versus SiO2 classification diagram (after Middlemost, 
1994); (b) K2O vs SiO2 (after Rickwood, 1989).

FIGURE 5
(a) Chondrite-normalized REE patterns and (b) primitive-mantle-normalized trace element spidergram. Chondrite-normalised and 
primitive-mantle-normalized values are after Sun and McDonough (1989). Daheshen volcanic rock data from Cao et al. (2012). The abbreviations 
shown in the figure are: OIB, Ocean Island Basalt; N-MORB, Normal Mid-Ocean Ridge Basalt; E-MORB, Enriched Mid-Ocean Ridge Basalt; UCC, Upper 
Continental Crust.
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FIGURE 6
. Zircon andepsi;Hf(t) vs age diagrams [(a, b), modified after Yang et al. (2007)], and whole-rock andepsi;Nd(t) vs (87Sr/86Sr)i diagram [(c), modified after 
Yu et al. (2014); data cited from Song (2018)]. The abbreviations shown in the figure are: YFTB, Yanshan Fold-and-Thrust Belt; CAOB, Central Asian 
Orogenic Belt; MORB, Mid-Ocean Ridge Basalt; EMII, Enriched Mantle Type II; CHUR, Chondritic Uniform Reservoir.

TABLE 3  Lu–Hf isotopic analytical results of zircons from the dioritic porphyrite sample.

Sample (Ma) 176Yb/177Hf 176Lu/177Hf 176Hf/177Hf 1 Hf(t) 1 DM1 DM2 Lu/Hf

HBC-YM-7

  

  

5.2 Petrogenesis and tectonic setting of 
magmatic rocks in the Daheishan horst
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5.3 Evolutionary processes of the eastern 
segment of the PAO

  
    

  

  

  

  
        

 

5.3.1 The evolution of the Changchun-Yanji 
section of the SXCYS
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FIGURE 7
Tectonic discrimination diagrams for magmatic rocks. (a) Th-Ta-Hf/3 ternary diagram (after Wood et al., 1979); (b) La/Sm vs La diagram (after Allègre 
and Minster, 1978); (c) Nb/Yb vs Th/Yb diagram (after Pearce and Peate, 1995). The abbreviations shown in the figure are: IAB, Island Arc Tholeiitic 
Basalt Series; CAB, Calc-alkaline Basalt Series; WPA, Within-Plate Alkaline Basalt; N-MORB, Normal Mid-Ocean Ridge Basalt; E-MORB, Enriched 
Mid-Ocean Ridge Basalt. The literature data were cited from Han et al. (2017) and Song (2018).
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FIGURE 8
Tectonic evolution models of the eastern segment of the Paleo-Asian Ocean (PAO). (a) Tectonic model illustrating double-sided subduction of the 
eastern PAO; (B and D) Schematic diagrams illustrating scissor-style closure of the PAO (modified after Li, 2023); (C) Collisional closure tectonic model 
of the eastern PAO. The abbreviations shown in the figure are: PAO, Paleo-Asian Ocean; MOO, Mongol-Okhotsk Ocean; SXCY, Solonker-Xar 
Moron-Changchun-Yanji Suture Zone.

    

  
  

  

  
 

5.3.2 The evolution of the Solonker-Xar Moron 
section of the SXCYS
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6 Conclusion
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