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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 fndings 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 signifcant depletion in high-feld-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, confrming
origination from partial melting of subduction-fuid-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.

Daheishan horst, Jilin Province, zircon U-Pb dating, geochemistry, EasternSegment of
the Paleo-Asian ocean
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1 Introduction
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2 Geological setting
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3 Sample description and analytical
methods
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FIGURE 1

(a) Simplifed geological map of Northeast China; (b) Simplifed geotectonic units map of the Daheishan Horst; (c) simplifed geological map of the
study area. The abbreviations shown in the fgure are: XXS, Xinlin-Xiguitu suture zone; HHS, Hegenshan-Heihe suture zone; SXCYS, Solonker-Xar
Moron-Changchun-Yaniji 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.

Frontiers in Earth Science 03 frontiersin.org


https://doi.org/10.3389/feart.2025.1639022
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org

Lietal.

10.3389/feart.2025.1639022

FIGURE 2

sericite; Chl, chlorite; Qtz, quartz; Spn, sphene.

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 fgure are: PI, plagioclase; Ser,
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4 Analytical results
4.1 Zircon U—Pb geochronology
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4.2 Geochemical signatures of major
oxides

L0 0000000 0onCoooon oM ibobooaniooOi oo 0ooomooan
I o o o
0000I0I00n ooto o040 000000000 00000000 0OI00CComnIanan g,
I 1
0000 D000 DIbCOOI0oIOn0On mo Dioem 0obo000nn0l boboommo 0ok
ooomo boo,0n 01 000 00 Diooooiodioinn 00,000,010 bomor 01
00000mom 00bOioor Coooooe0Ooen 0bol Doobomoomeno [ooooooom
8 O T

I
I
I
I

00000 0000 0000 0O0! bo0ooi Obomoootn bieoobdl oo000oon ool
0000 000000 000 0000 Loba0io! foboo0t0000I0n Conom 0ol obal 0,00 0o
00, Diio0oO DO00O00o000 loonooooo 00 000000 bomoeitonoo
O M A
0100000 00000o0n

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.
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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.
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TABLE 2 (00OMOOOO) Whole rock REE and trace element data of magmatic rock samples from the Daheishan Horst.
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FIGURE 4
Petrological classifcation diagrams of Daheishan magmatic rocks. (a) Total alkalis (Na,O + K,O) versus SiO, classifcation diagram (after Middlemost,

1994); (b) K,O vs SiO, (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 fgure 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), modifed after Yang et al. (2007)], and whole-rock andepsi;Nd(t) vs (87Sr/""68r)i diagram [(c), modifed after
Yu et al. (2014); data cited from Song (2018)]. The abbreviations shown in the fgure are: YFTB, Yanshan Fold-and-Thrust Belt; CAOB, Central Asian
Orogenic Belt; MORB, Mid-Ocean Ridge Basalt; EMII, Enriched Mantle Type Il; CHUR, Chondritic Uniform Reservoir.

TABLE 3 Lu—Hf isotopic analytical results of zircons from the dioritic porphyrite sample.
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5.2 Petrogenesis and tectonic setting of
magmatic rocks in the Daheishan horst
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TABLE 4 Whole-rock Sr—Nd isotopic compositions of the dioritic porphyrite sample.
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5.3 Evolutionary processes of the eastern
segment of the PAO
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5.3.1 The evolution of the Changchun-Yaniji
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 Allegre
and Minster, 1978); (c) Nb/Yb vs Th/Yb diagram (after Pearce and Peate, 1995). The abbreviations shown in the fgure 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).

000 0000 (0000 0o0Oe00 bobooo 000l 0000l DooO0moD booemoo oo
0000t DOo0oon 00000 Do0oo Do0mboomm Dot 000010000 100000
O R A [
0000 O00000! 0o0o0000I00I0 cooooi e IoDOT Coooon ioon Dioooo
0 A W W
000 00 Ori Doooon 0000 0000 Dibooion 00o0ooodD anoom boooomaom
0 I 0
000oIoooo ooobooniton 0o 0ooboooo 000 DOooboOoO00o0! bhoboomoon
000 0000 BO0O0 00000000 000l 0oBomne0bOmnooon oo hiboooom
O00Iboord 100 00O0o000r Doooooo oo ioor 4000l boioo oitooo
O o O
O T M O W A M A
8 0 A
00000 00000 i0o0oo0on boooodl 0000 booihon ItDOo07 00000 000 Do0IoaD
000000000 C0o0000 0000b000n booo0N O 000D 0Dl 00T DOoow ooo0m
000 00 Ol 0000w o 0o 0ih 00000 DOoCr 0ooon Ooe0 00 0or o000
(0001 00000 0060 00 0ok Do00om 10000 Ooo 00 Doioo0o00 booobom
00 0000 007 00OmoobO Diolioonbo0n boobonioon On oo bodo oo

Frontiers in Earth Science

1007 O000OC00DODOID booon D000l bor DooOioo! [hboboooItiom
001000000000 Co0000m Dooicrm 0o 0o booooo ibo0mooon i00oomo0D
0 T A A WA MW
I
I
I

00000 000! DOooIoo Doooo00m Oibion Co0i0 o ji0000l O oo 00oboomo0n
I A 0
0000 0000 DODDnCCoOmIo0on Oiboon Ci00 000000 0o0o boo 0oo
0000! 00000000 beo boo! oo Dooo! bibbobon oo bodiooool ooooo
A0 M A A Y
000 0000000000000 bobooon boOcoooom 0 0o000ooo
00miitoon Do0o Doooooo! 0ooooool 0Ooooon 0oor boote 0ooaman o
10n00ooen O0I00oool bO0nO00 [000oIb0! bioboO0n 00000 oo0mo
0omonoootooonOonooomNooodnoinno0io0itmnobono0b000DIna0
(001 000000000 C1000000 007 000! C00000 Doi000 Dooioog pomoooe oo or
0000NCO 00 0Irooo0mid oo hrreCConboot 0o iro0oonboo0 oo oo
0000o 1bo0o0oe: 07 oibon bepo0oo0 bo0om 1000 00000000l Iouobioonom
0I0000000mo0o 000N CIboo0ooIbor oo nomIboIbontooonoo
I
I

I
I
I
I

0000000000007 0000000000 0000 o0 00 Do0000000 000000 00l 000
000000 000000 Coibon oo 0boo I00o0oon 0o ool bm beoootn oo

frontiersin.org


https://doi.org/10.3389/feart.2025.1639022
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org

Lietal.

10.3389/feart.2025.1639022

FIGURE 8

Moron-Changchun-Yaniji Suture Zone.

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 (modifed after Li, 2023); (C) Collisional closure tectonic model
of the eastern PAO. The abbreviations shown in the fgure are: PAO, Paleo-Asian Ocean; MOO, Mongol-Okhotsk Ocean; SXCY, Solonker-Xar
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