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Abstract The North Qiangtang Block occupies a pivotal position within the eastern Tethyan realm, and its
paleogeographic reconstruction is critical for constraining Tethyan geometry and evolution. However, its Late
Paleozoic paleogeography and Paleo‐Tethyan Ocean–continent configuration remain controversial due to
limited reliable age‐constrained paleomagnetic data. Here we present paleomagnetic and geochronological data
from Late Carboniferous limestones of the Walongshan Formation, providing an absolute‐age‐constrained
paleomagnetic pole. Stepwise demagnetization of 126 specimens from 19 sites isolated a pre‐folding
characteristic remanent magnetization carried by magnetite, indicating a paleolatitude of 19.5 ± 5.2◦S at
317 ± 11.6 Ma. Together with published paleomagnetic and geologic constraints, these results suggest that the
North Qiangtang–Indochina “central continental domain” remained at middle to low latitudes in the Southern
Hemisphere from the Late Carboniferous to the Middle Permian, favoring a dual‐branch Paleo‐Tethys
configuration with a northern Jinshajiang oceanic basin (∼5,500 km) and a southern Longmu Co–Shuanghu
oceanic basin (∼3,300 km).

Plain Language Summary Reconstructing the ocean–continent distribution pattern within the
Tethyan realm during the Late Paleozoic requires reliable, well‐dated information about where key continental
blocks were located. The position of the North Qiangtang Block on the Tibetan Plateau has been uncertain,
leading to different reconstructions of how the Paleo‐Tethys Ocean and nearby continents were arranged. We
studied the magnetic record preserved in Late Carboniferous limestones of the Walongshan Formation and
combined it with age information. The rocks retain an original magnetic signal, carried mainly by magnetite,
that formed before the layers were folded. This signal indicates that the North Qiangtang Block lay at about 20◦

south latitude around 317 million years ago. Combined with previous geological and paleomagnetic evidence,
our results support a picture in which North Qiangtang and Indochina formed a central belt of continent between
two ocean basins: the Jinshajiang oceanic basin to the north (∼5,500 km) and the Longmu Co–Shuanghu
oceanic basin to the south (∼3,300 km).

1. Introduction
During the Late Paleozoic, the global tectonic framework underwent significant restructuring as northern
Laurasia and southern Gondwana gradually converged and ultimately amalgamated into the Pangean super-
continent (Domeier & Torsvik, 2014; Pastor‐Galán, 2022). The Paleo‐Tethys Ocean, situated between Laurasia
and Gondwana, acted as a pivotal geodynamic nexus.While it is widely accepted that the Paleo‐Tethys Ocean was
fully formed by the Late Carboniferous, debates persist regarding its geometry and tectonic nature (Pastor‐Galán
et al., 2025; Zhao et al., 2018). One view proposes that the Paleo‐Tethys Ocean constituted a single continuous
oceanic basin (Golonka & Ford, 2000; Guan, Liu, et al., 2021; Zhang et al., 2022), whereas other views suggest
that it comprised multiple coeval oceanic branches, the most prominent of which were the southern Longmu
Co–Shuanghu Ocean and the northern Jinshajiang Ocean (Cheng et al., 2024; Wei et al., 2023, 2025; Zhao
et al., 2018). Therefore, constraining the spatial configuration of the Paleo‐Tethys Ocean is crucial not only for
reconstructing its evolutionary history but also for elucidating rift dynamics along the northern margin of
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Gondwana and the geodynamic processes governing Pangea amalgamation (Torsvik & Cocks, 2017; Wu
et al., 2020).

The Qiangtang Block, situated in the central part of the Tibetan Plateau (Figure 1a), is a key tectonic unit that
preserves complete geologic records of the Paleo‐Tethys Ocean's evolution (Wu et al., 2020; Zhu et al., 2022).
Traditionally, the Qiangtang Block has been regarded as a unified continental block derived from the Pan‐African
basement of Gondwana (Kapp et al., 2003; Pullen et al., 2008; Zhang et al., 2022). During the Late Paleozoic, the
Qiangtang Block, together with other Cimmerian blocks, rifted from the northern margin of Gondwana and
subsequently drifted northward (Angiolini et al., 2013; Song et al., 2017). The Paleo‐Tethys Ocean ultimately
closed as these blocks collided with and were accreted to the southern margin of Eurasia (Pullen et al., 2008;
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Figure 1. (a) Location map of the Tibetan Plateau and the Qiangtang Block (modified after Wei et al., 2023); (b) Distribution
of Carboniferous strata in the Qiangtang Block and locations of published paleomagnetic studies. Numbers correspond to
references: 1 Cheng et al. (2012); 2 Yang et al. (2017); 3 Cheng et al. (2013); 4 Song et al. (2017); 5 Cheng et al. (2012); 6
Cheng et al. (2024); 7 Ma et al. (2019); 8 Guan, Yan, et al. (2021); 9 Wei et al. (2022); 10 Zhou et al. (2019); 11 Song
et al. (2020); 12 Song et al. (2012); 13 Yu et al. (2022); 14 Lin andWatts. (1988); 15 Song et al. (2015); 16 Song et al. (2012);
17 Wei et al. (2025); 18 Ma et al. (2024); 19 Ma, Tan, et al. (2025); (c) Geological map of the sampling area (modified from
JUIGS, 2006) with an inset equal‐area stereographic projection of bedding attitudes showing an overall E–W‐trending fold
axis with a trend/plunge of 80.1◦/20.7◦; (d)–(e) Field photos of the sampling section.
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Wang et al., 2018; Xu et al., 2015). However, recent advances in geology, stratigraphy, and paleomagnetism
increasingly challenge this hypothesis. Growing evidence indicates that the Qiangtang Block is not
tectonically coherent but instead comprises two distinct sub‐blocks—the North Qiangtang Block (NQB) and
the South Qiangtang Block (SQB)—separated by the Longmu Co–Shuanghu Suture Zone (Wei et al., 2025;
Zhai et al., 2011). The Longmu Co–Shuanghu Suture Zone is widely interpreted to record subduction and closure
of an oceanic basin of unknown size, known as the Longmu Co–Shuanghu Ocean. Within this revised framework,
the Paleo‐Tethys Ocean is best regarded as a multi‐branched oceanic system. Therefore, constraining the Late
Paleozoic paleogeographic position of the NQB is crucial for reconstructing the paleogeography of the Paleo‐
Tethys Ocean.

Paleomagnetism provides quantitative constraints on paleolatitude and thus on the paleogeographic positions and
drift histories of tectonic blocks. Recent paleomagnetic studies of Tibetan blocks have advanced rapidly, offering
new constraints on the NQB and SQB and on Paleo‐Tethys evolution (Cheng et al., 2024; Song et al., 2017; Wei
et al., 2022, 2025). However, currently available reliable paleomagnetic data are still concentrated mainly in
Permian and younger strata. Collectively, these results depict a “one‐way train” style evolutionary history in
which the NQB drifted continuously northward from the Southern Hemisphere and eventually amalgamated with
Eurasia. By contrast, reliably time‐anchored pre‐Permian paleomagnetic constraints remain scarce (Jiang
et al., 2022; Yang et al., 2017). Here we present paleomagnetic results from Late Carboniferous limestones of the
Walongshan Formation in the Raggyorcaka area, integrated with in situ LA‐ICP‐MS U‐Pb dating of syn‐
sedimentary calcite. We further synthesize regional geological, geochemical, and paleontological evidence to
constrain tectonic relationships between the NQB and adjacent blocks and to evaluate the geometry and evolution
of the Paleo‐Tethys Ocean.

2. Geological Setting and Sampling
Carboniferous strata are sparsely exposed within the Qiangtang Block (Hu et al., 2024). The outcrops are mainly
distributed in the western SQB (e.g., the Rutog area) and in the central (e.g., the Raggyorcaka area) and eastern
(e.g., the Tuotuo River area) NQB (Figure 1b). The small and discontinuous nature of these outcrops means that
our understanding of Carboniferous stratigraphic architecture, sedimentary systems, and tectonic evolution in the
NQB remains fragmentary. The Raggyorcaka area preserves well‐exposed Carboniferous–Permian strata of the
NQB (Cheng et al., 2006; Xie et al., 2025; Zhang et al., 2016) and is an ideal area for investigating its Late
Paleozoic geological record.

Our field investigation focuses on Carboniferous strata in the Raggyorcaka area, Nyima County (Figure 1b). The
Walongshan Formation occurs in small, discontinuous outcrops and comprises a lower carbonate‐dominated unit
and an upper siliciclastic‐rich unit (Hu et al., 2024). Fossils are abundant, with corals and brachiopods in the lower
unit and fusulinid larger benthic foraminifers (notably Fusuliella and Pseudostaffella) in the upper unit, consistent
with warm‐water, shallow‐marine carbonate platform‐to‐ramp deposition during the Late Carboniferous (Cheng
et al., 2006; Zhang et al., 2021). Biostratigraphic constraints place the Walongshan Formation in a rather long
Serpukhovian–Gzhelian interval (∼330–300 Ma) (Cheng et al., 2006; Hu et al., 2024; Zhang et al., 2021).
Structural relationships indicate that the principal folding affecting the Walongshan Formation predates the Late
Triassic and may have been related to tectonic reorganization during Paleo‐Tethyan closure: Upper Triassic
Nadigangri volcanic rocks unconformably overlie already folded Middle–Upper Triassic strata, whereas Late
Triassic intrusions are essentially undeformed (Zhai & Li et al., 2007). Although minor younger overprinting
related to post‐collisional shortening following the India–Asia collision cannot be excluded, the bedding attitudes
define an overall E–W‐trending fold axis with a plunge of ∼20.7◦, suggesting that later deformation did not
significantly modify the regional fold‐axis orientation.

For paleomagnetic sampling, we collected 150 independently oriented cores from 19 sites (6–10 per site)
spanning multiple stratigraphic levels of the Walongshan Formation limestone succession. We additionally
collected two limestone samples for in situ U–Pb dating of syndepositional calcite matrix to further constrain the
depositional age of the Walongshan Formation. Details of the regional geology, site locations, bedding attitudes,
and sampling procedures are provided in Text S1 in Supporting Information S1.
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3. Results
Methodological details for calcite U–Pb dating, petrography, rock‐magnetic measurements, and paleomagnetic
procedures are provided in Text S2 in Supporting Information S1, and the corresponding results are presented in
Texts S3–S6, covering petrography (Text S3 and Figure S1 in Supporting Information S1), calcite U–Pb
geochronology (Text S4 and Figure S2 in Supporting Information S1), rock magnetism (Text S5 and Figures
S3–S4 in Supporting Information S1), and paleomagnetism (Text S6 in Supporting Information S1). In situ U–Pb
dating of syndepositional calcite constrains deposition of the Walongshan Formation to ca. 324–311 Ma,
consistent with fossil‐based biostratigraphic constraints (Figure S2, Cheng et al., 2006; Zhang et al., 2021).
Optical microscopy and SEM–EDS observations show that the samples are dominated by calcite and display little
evidence for metamorphism or extensive diagenetic/hydrothermal alteration. Iron‐oxide magnetic grains are also
well preserved (Figure S1 in Supporting Information S1). Together with rock‐magnetic experiments, these ob-
servations indicate that magnetite is the dominant magnetic carrier in the Walongshan Formation limestones
(Figures S3–S4 in Supporting Information S1).

Of the 150 independently oriented cores collected from 19 sites, 126 specimens yielded stable ChRM components
upon stepwise demagnetization. The ChRM component data for individual specimens are provided in Table S5 in
Supporting Information S1. Most Walongshan Formation limestone specimens exhibit a two‐component
demagnetization behavior (Figures 2a–2d): a low‐temperature component is removed below ∼300–330◦C,
whereas a high‐temperature (or high‐coercivity) component is typically unblocked between ∼330◦C and
475–500◦C (or up to 60 mT) and is interpreted as the characteristic remanent magnetization (ChRM). ChRM
directions obtained from thermal and hybrid demagnetization are highly consistent (Figures 2c and 2d), further
supporting the reproducibility of the ChRM directions.

A stable ChRM was isolated at all 19 sites (Table S3 in Supporting Information S1). In situ (geographic) site‐
mean directions are Dg = 223.9◦, Ig = 4.4◦, kg = 13.2, and α95g = 9.6◦. In tilt‐corrected (stratigraphic) co-
ordinates, the mean is Ds = 223.9◦, Is = 34.8◦, ks = 40.0, and α95s = 5.4◦ (Figures 2g and 2h). Considering the
possible effects of local vertical‐axis rotations and non‐ideal fold geometry in the study area, we applied multiple
fold tests to constrain the timing of remanence acquisition from complementary statistical and structural per-
spectives. This component passes the fold test at the 99% confidence level (McElhinny, 1964), with maximum
grouping at 93.5± 8.1% unfolding (Figure 2j; Watson & Enkin, 1993), and this interpretation is further supported
by the Enkin (2003), McFadden (1990), inclination‐only (Ma, Hu, et al., 2025), and bootstrap fold tests (Figure S5
in Supporting Information S1; Tauxe et al., 2016). To further evaluate the potential influence of fold‐axis plunge,
we performed a double structural correction; the resulting plunge‐corrected tilt‐corrected mean direction is
Ds= 227.4◦, Is= 34.5◦, k= 37.8, and α95= 5.5◦ (Figure S7 and Table S6 in Supporting Information S1), which is
consistent with the conventional tilt‐corrected direction within uncertainty and indicates that fold‐axis plunge did
not significantly affect the ChRM direction. In addition, 45◦ IRM tests (Figure S6 in Supporting Information S1)
yield slopes close to unity over 350–560◦C (factor = IRMZ/IRMX = 0.911–1.038), suggesting little to no
inclination shallowing and therefore accurate paleolatitude estimates.

After converting the mean directions of the 19 sites into virtual geomagnetic poles, we obtain a corresponding
paleomagnetic pole at Plat.= − 22.4◦N, Plong.= 41.8◦E, A95= 5.2◦. This pole corresponds to a Late Carboniferous
paleolatitude of 19.5 ± 5.2◦S for the North Qiangtang Block (reference point: 33.7◦N, 86.7◦E).

4. Nature of the Magnetization
In situ U–Pb dating of calcite matrix from Walongshan Formation limestones yields a weighted mean age of
317 ± 11.6 Ma, consistent with a Late Carboniferous age independently inferred from Serpukhovian–Gzhelian
faunal assemblages (∼330–300 Ma; Hu et al., 2024). Within this age framework, we evaluate whether the
ChRM is (pseudo‐)primary.

The Walongshan Formation limestones were sampled from two stratigraphic sections, and site‐mean ChRM
directions pass fold tests (Figure 2j). After tilt correction of 19 site‐mean directions, the Fisher precision
parameter increases from 13.2 to 40.0 and α95 decreases from 9.6◦ to 5.4◦, indicating significantly improved
clustering in tilt‐corrected coordinates (Figures 2g and 2h). These results show that the ChRM predates bedding
tilt and is therefore pre‐tectonic. All ChRM directions are of reversed polarity, consistent with a Late Carbon-
iferous age within the Kiaman Reversed Superchron (Cottrell et al., 2008). Together, the fold tests and polarity
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data support a pre‐tectonic magnetization and provide the basis for further evaluating its primary origin using
rock‐magnetic and microtextural evidence.

In carbonate rocks from regions lacking significant thermal anomalies, the preservation of a primary ChRM
depends on the relative contributions of detrital or biogenic magnetic carriers and magnetic minerals formed
during late diagenesis. Widespread chemical remagnetization in unmetamorphosed carbonates has commonly
been linked to late‐diagenetic authigenic magnetite, which is typically characterized by wasp‐waisted hysteresis
loops, predominantly superparamagnetic–stable single‐domain grain‐size distributions, and Day‐plot trends
consistent with superparamagnetic and single‐domain/pseudo‐single‐domain mixing curves (e.g., Fabian, 2003;
Yao et al., 2024). By contrast, the Walongshan limestones show a magnetic assemblage dominated by pseudo‐

Figure 2. (a–d) Representative demagnetization behavior of Walongshan Formation samples shown in stratigraphic (tilt‐
corrected) coordinates. (e–f) Equal‐area projections of specimen‐level LTC directions before and after tilt correction. (g–h)
Equal‐area projections of site‐mean HTC directions before and after tilt correction. The cyan symbol indicates the expected
present geomagnetic field (PGF) direction at the sampling site. Open (filled) symbols represent upper‐ (lower‐) hemisphere
projections. (i–j) Incremental unfolding tests for the LTC and HTC (Watson & Enkin, 1993).
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single‐domain magnetite: hysteresis loops lack pronounced wasp‐waisted shapes, FORC diagrams show no
diagnostic SP features, and Day‐plot data from 18 representative specimens cluster mainly in the PSD field and
extend toward the SD–MD transition (Bcr/Bc = 2.70–5.67, mean = 4.16; Mrs/Ms = 0.054–0.137, mean = 0.097;
Figure S4 and Table S2 in Supporting Information S1). These results indicate that stable remanence is carried
mainly by PSD–MD magnetite and argue against late‐diagenetic authigenic magnetite as the dominant carrier.
Consistently, the Walongshan data plot away from published remagnetized carbonate data sets and overlap with
fields defined by carbonates carrying primary magnetizations (Jackson & Swanson‐Hysell, 2012; Fu et al., 2022;
Yu et al., 2022; Yao et al., 2024; Figure S4 in Supporting Information S1).

Formation of authigenic magnetic minerals during late diagenesis is commonly associated with fluid circulation
(Dekkers, 2012; Elmore et al., 2012; Pastor‐Galán et al., 2016). Optical microscopy reveals no evidence of
metamorphism, significant chemical alteration, or pervasive late‐stage veining, and secondary mineral phases are
rare. SEM images show magnetic grains with sharp boundaries against the surrounding matrix and no oxidation
rims or fracture‐related infillings. These microtextural features are inconsistent with pervasive late‐diagenetic
authigenic growth and are more compatible with a detrital origin.

Moreover, comparison with a compilation of reliable Late Carboniferous to Late Triassic paleomagnetic poles for
the NQB (R ≥ 5; Table S4 in Supporting Information S1) shows that our new pole is distinct from most published
NQB poles younger than the Late Carboniferous (Figure 3a), further supporting a primary origin for the ChRM.
Taken together, these independent lines of evidence support a primary remanence interpretation, and our data set
satisfies six of the seven primary benchmarks of the R‐score reliability criteria (Meert et al., 2020; Text S7 in
Supporting Information S1). We therefore interpret this new age‐constrained paleomagnetic result as recording
primary remanence acquired during deposition at ca. 317 ± 11.6 Ma, placing the North Qiangtang Block at
19.5 ± 5.2◦S in the Late Carboniferous.

5. Late Carboniferous Paleogeography of the NQB
To evaluate the tectonic implications of the newly constrained Late Carboniferous paleolatitude and inferred drift
history of the NQB (Figures 3b and 3c), we re‐evaluated published paleomagnetic constraints from the NQB and
adjacent blocks, including the SQB and Indochina Block (IC). Data screening followed the seven reliability
criteria of Meert et al. (2020), and only data sets with R ≥ 5 were retained (Table S4 in Supporting Informa-
tion S1). For the South China Block, North China Block, Tarim Block, and the India plate, we adopted APW
reference poles from previously published APW paths based on high‐quality paleomagnetic data sets (Table S4 in
Supporting Information S1; Huang et al., 2018; Vaes et al., 2023).

Given the long‐standing debate over Late Paleozoic Pangean configurations, particularly the relative fit between
Laurussia and Gondwana, we briefly review the competing models here. Previous paleomagnetic studies have
shown that direct application of the classical Pangea A configuration to Late Carboniferous–Early Permian re-
constructions may produce substantial geometric overlap between Laurussia and Gondwana (Domeier
et al., 2012; Torsvik et al., 2012). To address this mismatch, subsequent studies proposed the Pangea B model,
which requires a greater lateral offset of Gondwana relative to Laurussia during the Late Paleozoic (Irving, 1977,
2004; Kent & Muttoni, 2020; Muttoni et al., 2003). Although its tectonic accommodation within Pangea remains
debated, post‐Variscan and pre‐Alpine rotations in western Mediterranean blocks, including the Toulon‐Cuers
Basin and Sardinia, have been interpreted as evidence for intra‐Pangea mobility and wrench‐related deforma-
tion (Aubele et al., 2012, 2014; Kirscher et al., 2011; Siravo et al., 2026). In contrast to these two rigid end‐
member models, Pastor‐Galán (2022) argued that Late Carboniferous–Early Permian Pangea is better regarded
as an already amalgamated continental assemblage that still underwent significant internal deformation and
relative motion, rather than as a fully rigid supercontinent. This view offers an alternative framework for
reconciling the inconsistencies between rigid Pangea A/B end‐member models and the available geological and
paleomagnetic constraints. Accordingly, we treat the internally deforming early‐Pangea scenario proposed by
Pastor‐Galán (2022) as an important interpretive context for regional paleogeographic relationships, while
retaining the reconstruction frameworks of Torsvik et al. (2012) and Huang et al. (2018) as working reference
models for inter‐block comparison. The compiled data set was then projected into these reference frameworks,
and poles from each block were rotated into a common frame anchored at our reference point (33.7◦N, 86.7◦E),
thereby constraining relative paleogeographic positions and enabling assessment of tectonic links and paleo-
geographic evolution (Figure 3c).
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The southern margin of the Paleo‐Tethys should be evaluated within the broader geological framework of the
long‐term evolution of the northern Gondwanan passive margin. Studies of the Tethyan Himalaya by Gaetani,
Garzanti, and co‐workers showed that the northern Indian margin formed part of this passive margin and recorded
key stages of Carboniferous–Permian rifting, rift–drift transition, and incipient Neo‐Tethyan opening (Gaetani &
Garzanti, 1991; Garzanti, 1993a, 1993b, 1999; Garzanti et al., 1996; Sciunnach & Garzanti, 2012). In parallel,
Muttoni et al. placed Iran and other Cimmerian blocks along the northern Gondwanan margin prior to their
Permian detachment (Muttoni et al., 2003, 2009). For the South Qiangtang Block (SQB), available evidence
likewise indicates a clear Gondwanan affinity during the Late Carboniferous–Early Permian: paleomagnetic
results suggest that separation from Gondwana likely began in the late Early Permian and was evident by the
Middle Permian (Wei et al., 2022, 2023, 2025), whereas glaciogenic deposits, Gondwanan cold‐water faunas,
Pan‐African basement, and Gondwana‐derived detrital‐zircon populations indicate that the SQB remained
attached to the northern Gondwanan margin until at least the late Early Permian (Dong et al., 2011; Liang
et al., 1983; Wu et al., 2018; Zhang et al., 2013). Taken together, these observations indicate that, prior to rifting,
the Tethyan Himalaya, Iran, the SQB, and other Cimmerian blocks were all situated along the northern

Figure 3. Paleomagnetic poles, paleolatitude evolution, and Late Carboniferous reconstruction of the NQB. (a) Compilation
of published paleomagnetic poles for the NQB; circles indicate A95. Pole sources: 1 Yang et al. (2017); 2 Song et al. (2017); 3
Cheng et al. (2024); 4 Ma et al. (2019) and Cheng et al. (2024); 5 Guan, Yan, et al. (2021); 6 Song et al. (2020); 7 Yu
et al. (2022); 8 Yu et al. (2025); 9 Zhou et al. (2019); 10 Song et al. (2015). (b) Paleolatitude–time evolution of the NQB and
adjacent blocks in the site reference frame; modified after Cheng et al. (2024) and Wei et al. (2025). (c) Late Carboniferous
(∼317 Ma) paleogeographic reconstruction modified after Huang et al. (2018) and Torsvik et al. (2012). Abbreviations:
T = Tarim Block; Q = Qaidam Block; NCB = North China Block; SCB = South China Block; IC = Indochina Block;
NQB= North Qiangtang Block; SQB = South Qiangtang Block; JSO = Jinshajiang Ocean; LSO = Longmu Co–Shuanghu
Ocean.
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Gondwanan margin on the southern side of the Paleo‐Tethys. In the eastern Paleo‐Tethyan realm, we therefore
use the SQB to constrain the southern margin of the Paleo‐Tethys, because it is spatially more directly comparable
with the NQB than more distal blocks such as the Tethyan Himalaya or Iran, and thus provides a more regionally
appropriate proxy.

However, because robust Late Carboniferous paleomagnetic constraints are still lacking for the SQB, we further
used the ∼320 Ma paleomagnetic pole of India as a proxy for the northern Gondwanan margin to estimate the
paleoposition of the SQB, with Mayigangri (33.0◦N, 88.1◦E) as the reference point. This yields an estimated
paleolatitude of ∼50.4◦S for the SQB.

Meanwhile, the Tarim Block was located at ∼29◦N (Huang et al., 2018), close to the Kazakhstan Block. These
blocks were probably already amalgamated with Siberia, forming the southern margin of Laurasia (Han
et al., 2011; Wang et al., 2007; Zhu et al., 2018). Accordingly, we use Tarim as a regional proxy for the pale-
olatitude of the southern Laurasian margin, which in turn constrains the northern limit of the Paleo‐Tethys Ocean.
The South China Block was located near the equator (∼1◦S; Huang et al., 2018). In contrast, the North China
Block and the Qaidam Block occupied similar paleolatitudes (∼24◦N; Figure 3c; Cao et al., 2017; Jiang
et al., 2026). Devonian molasse successions, interpreted as post‐collisional deposits, are widespread along the
northern margin of the Qaidam Block and within the North Qilian Orogenic Belt, indicating that the Qaidam
Block and the western margin of the North China Block had most likely already amalgamated by the Devonian
(Wu et al., 2025).

Our new Late Carboniferous paleomagnetic results place the NQB at 19.5 ± 5.2◦S. A broadly coeval (∼310 Ma)
study from the northern slope of the Tanggula Mountains (eastern NQB) yields a paleolatitude of 26.0 ± 2.2◦S
(Yang et al., 2017). These estimates overlap within uncertainty, indicating that the NQB occupied subtropical
latitudes during the Late Carboniferous. Paleontological and sedimentological evidence supports this inference:
the fusulinid zonation of theWalongshan Formation correlates with coeval shallow‐marine carbonate successions
worldwide, consistent with deposition on a tropical–subtropical, shallow‐water carbonate platform (Hu
et al., 2024; JUIGS, 2006). IC is reconstructed at 31.5 ± 4.0◦S (Yan et al., 2020; Figure 3c). Similar Late
Carboniferous biostratigraphic assemblages and comparable shallow‐marine depositional features in the IC and
NQB (Cheng et al., 2024; Wu et al., 2020; Yan et al., 2024) suggest a close paleogeographic affinity between the
two blocks. Accordingly, our Late Carboniferous reconstruction places the IC slightly south of, and adjacent to,
the NQB (Figure 3c).

6. Geometry of the Paleo‐Tethys Ocean
The geometry of the Paleo‐Tethys remains debated, with two end‐member models: a single oceanic basin along
the northern Gondwanan margin (e.g., Golonka & Ford, 2000; Guan, Liu, et al., 2021; Zhang et al., 2022) and a
coeval multi‐branched system (e.g., Cheng et al., 2024; Wei et al., 2023, 2025; Zhao et al., 2018). Traditional
reconstructions generally favored the former for simplicity (e.g., Domeier & Torsvik, 2014; Stampfli &
Borel, 2002), treating Iran, Afghanistan, Pamir, Qiangtang, Baoshan, and Simao as blocks attached to northern
Gondwana through much of the Paleozoic. Their Late Paleozoic rifting formed the Cimmerian continent, whose
northward drift initiated Neo‐Tethyan opening and progressive Paleo‐Tethyan closure (Muttoni et al., 2003, 2009;
Stampfli & Borel, 2002; Şengör, 1984). In this framework, the Paleo‐Tethys was viewed as a single basin,
whereas intra‐oceanic blocks, mélange belts, and back‐arc basins were treated as internal complexities rather than
distinct branches.

Advances in geology and geochemical constraints, together with refined interpretations of suture‐belt origin and
tectonic significance, have brought renewed attention to a multi‐branched, coeval Paleo‐Tethyan oceanic system
(Jian et al., 2009; Zhao et al., 2018). The Jinshajiang Ocean contains Middle–Late PaleozoicMOR‐type ophiolites
and a relatively complete ophiolitic sequence, including mantle peridotite, gabbro, sheeted dike complexes, and
pillow basalts (Jian et al., 2009), consistent with formation in a mature oceanic basin. In contrast, the Longmu
Co–Shuanghu Ocean preserves Early Paleozoic MOR‐type ophiolites (Zhai & Li et al., 2007), Permian ocean‐
island basalts (Zhai et al., 2006), and Devonian–Triassic deep‐marine radiolarian cherts (Li et al., 2008), more
consistent with a long‐lived oceanic domain that evolved relatively independently. These contrasting records are
difficult to reconcile with a single, continuous ocean‐basin model by invoking only intra‐oceanic structural
complexity, and instead provide important geological support for a branched Paleo‐Tethys.
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Compared with geological approaches alone, paleomagnetism provides quantitative constraints on paleolatitude
and therefore offers a measurable basis for evaluating broad paleogeographic relationships among blocks. Against
this backdrop, our new paleomagnetic results provide time‐anchored constraints on Paleo‐Tethyan architecture.
Based on the paleolatitude curves (Figure 3b), the paleolatitudinal evolution tracks of the NQB and IC are broadly
subparallel from the Late Carboniferous to the Middle Permian (Cheng et al., 2024; Song et al., 2017; Yan
et al., 2020, 2024; Yang et al., 2017), implying a possible long‐term paleogeographic affinity between the two
blocks. Together with the similarity of Carboniferous–Permian sedimentary and paleobiological records between
the NQB and IC (Cheng et al., 2024; Yan et al., 2024) and geological evidence for comparable crustal affinity (Wu
et al., 2020), we infer that the NQB and IC may have formed a relatively coherent paleogeographic assemblage in
the central Paleo‐Tethys from the Late Carboniferous to the Middle Permian (Figure 3b). Here, we refer to this
inferred assemblage as the NQB–IC central continental domain, which may have acted as a paleogeographic
divide between the northern and southern branches of the Paleo‐Tethys Ocean (Figure 3c).

On this basis, we quantitatively reconstruct the Late Carboniferous paleogeographic configuration of the Paleo‐
Tethys Ocean (Figure 3c). We first use the end‐member paleolatitudinal separation between the Tarim Block
(∼30◦N) and the SQB (∼50◦S) to estimate the overall north–south extent of the system, which corresponds to
∼8,800 km. Such a large meridional extent implies that the Paleo‐Tethys had already developed into a vast, trans‐
equatorial oceanic basin, plausibly expressed as an eastward‐opening, funnel‐like seaway. With the NQB–IC
central continental domain positioned between the two branches, the paleolatitudinal offset to the SQB (∼30◦,
∼3,300 km) provides a constraint on the width of the southern branch (Longmu Co–Shuanghu Ocean), whereas
the offset to the southern margin of Laurasia (∼50◦, ∼5,500 km) constrains the width of the northern branch
(Jinshajiang Ocean).

7. Conclusions
This study establishes the first age‐anchored Late Carboniferous paleomagnetic constraint for the North
Qiangtang Block and provides robust evidence for its Late Carboniferous paleogeographic position in the
Southern hemisphere. Combined with regional geological evidence, these results suggest that the Paleo‐Tethys
had already developed a dual‐branch configuration by the Late Carboniferous, with an NQB–IC central conti-
nental domain acting as a tectonic divide between a broad northern branch (∼5,500 km; Jinshajiang oceanic basin)
and a narrower southern branch (∼3,300 km; Longmu Co–Shuanghu oceanic basin). This framework provides
new constraints on the late Paleozoic tectonic architecture of the eastern Tethyan realm and the evolution of the
Paleo‐Tethys system.
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