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Abstract

The tectonic nature of the Late Paleozoic Yin’e Basin has long been debated, with various interpre-
tations including rift basin, remnant oceanic basin, and back-arc basin, which have hindered studies
on regional sedimentary evolution and Upper Paleozoic hydrocarbon exploration. This paper fo-
cuses on the Lower Permian Shuangputang Formation in the Hangwula area of the northern Yin’'e
Basin. Through field measurements, lithofacies analysis, and sandstone QFL provenance discrimi-
nation, we investigate the sedimentary facies characteristics, depositional environments, and tec-
tonic setting. The results indicate that the Shuangputang Formation comprises two major deposi-
tional systems: a barrier-free terrigenous clastic coast and a shallow-marine carbonate platform.
The barrier-free terrigenous clastic coast includes transitional, shoreface, and foreshore subfacies,
while the carbonate platform consists of platform-margin bank, open platform, and restricted plat-
form subfacies. QFL provenance discrimination shows that the samples mainly fall into the fields of
volcanic arc and recycled orogenic belt provenances, suggesting derivation from an active continen-
tal margin. Integrating sedimentary facies, QFL data, regional magmatism, zircon geochronology,
and tectonic evolution, we propose that the Hangwula area was deposited in a back-arc basin setting
on an active continental margin during the Early Permian. This interpretation is primarily applica-
ble to the Hangwula area and requires further verification for regional extension. Among these, the
foreshore and shoreface sandstones, as well as the platform-margin bioclastic limestones, exhibit
good reservoir potential, while the fine-grained dark deposits of the transitional zone and re-
stricted platform may serve as effective source rocks and regional seals. These results provide sed-
imentological references for hydrocarbon exploration in the Upper Paleozoic of the Hangwula area
and the northern Yin’e Basin.
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Figure 1. Carboniferous-Permian tectonic units of the Yingen-Ejin Basin and adjacent areas (mod-
ified from [34])
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Figure 2. Measured stratigraphic section of the Shuangputang Formation in the Hangwula area, Inner Mongolia
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Figure 3. Photomicrographs of clastic rocks and bioclastic limestone from the Shuangputang Formation.
(a) Medium- to coarse-grained feldspathic litharenite from Layer 20 (cross-polarized light); (b) Bioclas-
tic limestone from Layer 33 (cross-polarized light)
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Figure 4. Cumulative grain-size curves of detrital grains from sandstones
of the Shuangputang Formation (modified from [26])
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Figure 5. Field outcrop photographs of clastic rocks from the Shuangputang Formation. (a) Medium- to fine-
grained feldspathic litharenite showing schistosity in Layer 24; (b) Grayish-red thick-bedded conglomerate lens

in Layer 25
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Figure 6. Photomicrographs of clastic rocks from the Shuangputang Formation. (a) Medium- to coarse-grained
feldspathic litharenite from Layer 9 (cross-polarized light); (b) Medium-grained feldspathic litharenite from
Layer 11 (cross-polarized light)
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Figure 7. Photomicrographs of clastic and carbonate rocks from the Shuangputang Formation. (a) Silty fine sand-
stone from Layer 27 (plane-polarized light); (b) Bioclastic limestone from Layer 35 (cross-polarized light) (from
[471)
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Figure 8. Photomicrographs of dolomicrite and siliceous rock from the Shuangputang Formation. (a) Dolomicrite
from Layer 43 (cross-polarized light); (b) Siliceous rock from Layer 30 (plane-polarized light)
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Figure 9. QFL provenance discrimination diagram for sandstones of the Shuangputang Formation in the Hangwula area (mod-
ified from Ref. [47])
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Table 1. Comparison of sedimentary characteristics among different tectonic basin models in the Hangwula area during the
Early Permian
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