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ABSTRACT

Subduction transference occurs when an existing subduction zone is choked by the ar-
rival of buoyant crust, and a new subduction zone is generated on the down-going plate to
accommodate continuing convergence. Although subduction transference triggered by micro-
continent collision was conceptually proposed as a viable tectonic mechanism across several
Tethyan oceanic branches, evidence remains controversial, and geodynamic controls are
unclear. Here, we report geological data from central Tibet documenting the Early Jurassic
northward subduction initiation of the Bangong-Nujiang Ocean, followed by collision with
a presently ~70-km-wide microcontinent, ophiolite obduction, foreland-basin development,
and initiation of a new north-dipping subduction zone to the south of the microcontinent in
the late Middle to Late Jurassic. According to numerical geodynamic simulations, such a
process can be triggered by an increase in buoyancy and/or lithospheric mantle strength of
the collided microcontinent. Our study provides a geological example of subduction transfer-
ence triggered by a narrow microcontinent collision, able to explain the progressive suturing
of microcontinents in the Tethyan realm.

INTRODUCTION ing pre-collisional paleogeography, timing of

Subduction initiation by transference was
proposed as a mechanism for sustaining the
progressive addition of microcontinents to
Eurasia in the Mesozoic—earliest Cenozoic,
leading to the multistage growth of the Himala-
yan-Tibetan orogen (Kapp and DeCelles, 2019;
Zhong and Li, 2020; Metcalfe, 2021). How-
ever, any convincing application of this model
must withstand geological scrutiny concern-
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continent collision and subduction initiation,
and subduction polarity (e.g., Li and Robinson,
2023; Ma et al., 2025). This is particularly true
for the closure of the Bangong-Nujiang Ocean
to form the Bangong-Nujiang suture zone in
central Tibet (Fig. 1A), as the onset of oceanic
subduction has been controversially inferred
as either Triassic or Jurassic in age, with final
oceanic closure in the late Middle Jurassic or
early Late Cretaceous (e.g., Zhu et al., 2016;
Hu et al., 2022).

The Donggiao-Beila area of the Bangong-
Nujiang suture zone in central Tibet preserves
a presently narrow (70-km-wide) Dongkaco

microcontinent (Ma et al., 2024), where the
model of subduction transference induced by
microcontinent collision can be tested. From
north to south, tectonic units include the
Qiangtang block, Amdo-Qixiangco ophiolite,
Gacangjian arc, Zigetangco basin, Dongqiao
ophiolite, Dongkaco microcontinent, Beila
basin, Daruco arc, Beila ophiolite, and Lhasa
block (Figs. 1B—1D and Fig. S1 in the Supple-
mental Material'). The Dongkaco microconti-
nent is delimited by the Donggiao and Beila
suture zones and includes Upper Paleozoic pas-
sive-margin strata similar to those in the Lhasa
block (Fig. 1C; Ma et al., 2024). Previous stud-
ies suggested that the Amdo-Qixiangco, Dongg-
iao, and Beila ophiolites formed at 188—184 Ma,
190-181 Ma, and 177-148 Ma, respectively (Hu
et al., 2022; Zhai et al., 2024), and Daruco arc
rocks at 166-160 Ma (Zeng et al., 2016; Liet al.,
2020). However, the age of the Gacangjian arc
and the age, provenance, and tectonic setting
of deep-marine sedimentary rocks in the Zige-
tangco, Beila, and northern Lhasa basins have
not been systematically investigated. Conse-
quently, competing tectonic models, including
microcontinent collision or accretion, oceanic-
plateau collision, and active oceanic-ridge col-
lision, were all proposed to explain the Late
Jurassic interactions with the Qiangtang block
(Girardeau et al., 1984; Li et al., 2020; Yan and
Zhang, 2020; Hu et al., 2022).

ISupplemental Material. Analytical methods, numerical geodynamic simulation methods, complied data sources, Figures S1-S8, and Tables S1-S8. Please visit
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Other continental suturing models include
microcontinent subduction without accretion,
microcontinent accretion, and subduction
polarity reversal (Cloos, 1993; van Hinsber-
gen and Schouten, 2021). Previous numerical
simulation studies considered the existence of
a weak detachment within the crust, its depth,
microcontinent’s rheological strength, and
convergence velocities, all factors that deter-
mine the fate of the subducting microcontinent
(Tetreault and Buiter, 2012; Cui and Li, 2024).

However, a systematic reevaluation of other
key geodynamic parameters (e.g., width and
crustal thickness of the collided terrane and
density of oceanic lithosphere) was not con-
ducted. Here, we provide geological, geochem-
ical, and geochronological data on the volca-
nic arcs and Jurassic sedimentary basins in the
Donggqiao-Beila area, which, combined with
geodynamic simulations, allow us to evaluate
whether subduction transference could have
occurred in the Bangong-Nujiang Ocean and

to discuss the implications for the geodynamic
evolution of the Tethyan realm.

METHODS, RESULTS, AND
INTERPRETATIONS

All analytical methods, including sandstone
petrology, zircon U-Pb geochronology and haf-
nium and oxygen isotopes, volcanic rock and Cr-
spinel geochemistry, and numerical geodynamic
simulation, are described in the Supplemental
Material.
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Gacangjian Arc Daruco Arc couplets of the Jiagiong Complex were depos-

U-Pb dating of zircons from a tuff sample of
the Gacangjian arc and from an exotic rhyolite
block in the Beila basin, inferred to have been
sourced from the Gacangjian arc, yielded the
same weighted mean age of 176 Ma. These zir-
cons have g,(t) values between +1.6 and 412
(Fig. 2A), and 6'®0 mainly between 5.1%o and
5.7%o (averaging ~5.3%o), indicative of mantle
origin (Valley et al., 2005; Fig. 2B).

Two volcanic rocks from the Gacangjian arc,
containing 42.65 and 56.05 wt% SiO,, enriched
in light rare earth elements (Fig. 2C) and large-
ion-lithophile elements and depleted in high-
field-strength elements (Fig. 2D), plot in the
volcanic-arc array field in the Th/Yb versus Nb/
Yb diagram (Fig. 2E; Pearce, 2008). Cr-spinels
from the tuff sample, containing 0.3—-0.8 wt%
TiO, and <18 wt% Al,O;, plot mainly in the
magmatic-arc field (Fig. 2F; Kamenetsky et al.,
2001).

Two samples of volcaniclastic rocks yielded
weighted mean zircon U-Pb ages of 165-
163 Ma, with zircons ey(t) values from —15
to —10 (Fig. 2A), more negative than those of
Daruco-arc magmatic rocks [ey(t) from —12 to
—2;Zengetal., 2016; Li et al., 2020]. The zircon
8130 values range from 7.4%o to 8.4%o0 (average
7.8%0), similar to Daruco arc magmatic rocks
(ranging from 6.5%o to 8.4%o, average 7.2%o;
Fig. 2B; Hu et al., 2020; Li et al., 2020).

Zigetangco Basin

Deposition in the deep-marine Zigetangco
basin started with mudrock interbedded with
basalt (SO2 section, Fig. S2). Seven basalt
samples exhibit flat chondrite-normalized
rare earth element patterns (Fig. 2C) and plot
close to the normal mid-oceanic-ridge basalt
(N-MORB) field in the Th/Yb versus Nb/Yb
diagram (Fig. 2E). The mudrock-sandstone

Geological Society of America | GEOLOGY | Volume XX | Number XX | www.gsapubs.org

ited in the proximal northern part of the basin,
whereas mudrocks and a few sandstones of
the Kangriai Complex characterize the distal
southern part. Sandstones from the Jiaqiong
and Kangriai complexes are quartzose (Fig. 2G),
and their maximum depositional ages (MDAs)
become younger up-section from 210 Ma to
180-170 Ma (Table S1). The Jurassic zircons
yielded both positive (42 to +12) and nega-
tive gy(t) values (—8 to —28), implying con-
tribution from the continental Gacangjian arc
and Qiangtang block to the north (Fig. 2A; Ma
et al., 2023).

The uppermost part of the Jiagiong Complex
(S01 section, Fig. S2) consists of proximal deep-
sea fan channelized conglomerates. Pebbles and
lithic fragments consist of sandstone, limestone,
and chert (Fig. 2G). The detrital zircons yielded
MDASs of 513-337 Ma, and U-Pb age spectra
compare well with rock of the Dongkaco and
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Figure 3. Tectonic reconstruction based on geological data. (A, B) Northward subduction of the
Bangong-Nujiang Ocean (BNO) northern branch initiated at ca. 190 Ma, generating Donggiao
arc-trench system by ca. 175 Ma; (C) subduction of Dongkaco microcontinent (DKC) beneath
Donggqiao forearc caused obduction of arc-trench system at ca. 175-166 Ma; (D) northward
subduction of southern BNO branch initiated by transference at ca. 166-160 Ma; (E) initial
Lhasa-Qiangtang collision led to development of North Lhasa foreland basin. Oceanic crust
in gray (green if newly generated). The dashed line marks the base of the mantle lithosphere.

Lhasa but poorly with those of the South Qiang-
tang (Fig. 2H).

Beila Basin

The internally coherent Desha Conglomerate
in the deep-marine Beila basin (Desha section,
Fig. S2) comprises quartzo-lithic sandstones
(Figs. 2G, S3, and S4) and conglomerates with
pebbles mainly consisting of sandstone, lime-
stone, basalt, and peridotite. U-Pb ages of detri-
tal zircons mostly range between 1200 Ma and
513 Ma, indicating affinity with the Dongkaco
and Lhasa terranes (Figs. 2H and S5).

The Dongco Sandstone consists of alter-
nating sandstone and mudrock, locally with
limestone olistoliths (West Desha section, Fig.
S2) containing Late Jurassic corals (Fig. S6)
sourced from the Dongqgiao Formation to the
north (Ma et al., 2020). Sandstones are mainly

lithic (Fig. 2G), and detrital zircons yielded
U-Pb ages of Qiangtang affinity, with an MDA
of 185 Ma.

Sandstones in the Gonggei Conglomerate
and Lamulong-Qixilong Complex contain more
feldspar (Fig. 2G), and their zircon U-Pb age
spectra display Qiangtang affinities (Fig. 2H).
Three tuff samples yielded weighted mean zir-
con U-Pb ages of 173—-169 Ma, and the Gonggei
Conglomerate is stratigraphically overlain by
165-163 Ma tuffs (Figs. S1 and S2). The MDAs
of 12 samples range from 215 Ma to 166 Ma.

Latest Triassic to Jurassic zircons in the Beila
basin yielded ey(t) values mainly between +2
and 416 and subordinately between —8 and —28
(Fig. 2A). Detrital Cr-spinels with TiO, <1 wt%
mainly plot in the field of supra-subduction-
zone mantle rocks, similar to Cr-spinels from
the Donggiao ophiolite (Fig. 2F). Some Cr-spi-

nels plot in the MORB and magmatic-arc fields
(Fig. 2F).

DISCUSSION AND CONCLUSIONS
Geological Evolution

The N-MORB-like geochemistry of basalt
at the base of the Zigetangco basin suggests a
magma source unaffected by fluids derived from
the subducting slab, resembling forearc basalt
generated through mantle decompression melt-
ing and near-trench spreading during the earliest
stages of subduction (Whattam and Stern, 2011;
Reagan et al., 2023). As the interbedded siltstone
lacks Middle Jurassic magmatic arc-derived zir-
cons and yielded an MDA of ca. 225 Ma, the
basalt should be latest Triassic to Early Jurassic
in age. Once the subduction became self-sus-
tained at 190-180 Ma, the Donggiao arc-trench
system formed, including rocks of the Dong-
giao ophiolite, Zigetangco forearc basin, ca.
175 Ma Gacangjian arc, and possibly back-arc
Qixiangco-Amdo ophiolite (Figs. 3A and 3B).

Subsequently, plate convergence drove the
Dongkaco microcontinent to the trench, induc-
ing obduction of the arc-trench system over the
microcontinent (Fig. 3C). This occurred earlier
than the deposition of the subaerial to shallow-
marine syn-orogenic Dongqiao Formation (ca.
164—152 Ma; Girardeau et al., 1984; Ma et al.,
2020) and of the deep-marine Jiagqiong Complex
and Desha Conglomerate. The Dongco Sand-
stone, Gonggei Conglomerate, and Qixilong-
Lamulong Complex in the Beila basin were
also sourced from the obducted ophiolites and
accretionary prism.

Microcontinent collision also induced sub-
duction initiation of the southern Bangong-Nuji-
ang Ocean branch (Fig. 3D). In the Beila suture,
forearc basalts pass stratigraphically upward to
boninitic dikes and boninites dated as 164 Ma
(Yan and Zhang, 2020; Tang et al., 2021), a suc-
cession analogous to proto-forearc sequences
in the Izu-Bonin-Mariana system (Reagan
et al., 2023). As the Daruco arc is located to
the north of the Beila ophiolite, the subduction
of the southern Bangong-Nujiang Ocean was
north-dipping, rather than south-dipping (Yang
et al., 2021). Although the southern Bangong-
Nujiang Ocean was interpreted to subduct south-
ward because the Gajia mélange was believed
to receive detritus from the Lhasa block (Lai
et al., 2017), the sediments can be alternatively
interpreted as derived from the north (Hu et al.,
2022).

The northward polarity of both Donggiao
and Beila subduction systems rules out a polar-
ity-reversal model. A model involving a single
retreating subduction zone is also not favored
because: (1) the Dongqiao ophiolite-Gacangjian
arc and the Beila ophiolite-Daruco arc formed
in distinct episodes and in different places, not
in a continuous process (Hu et al., 2022); and
(2) the forearc basalt suggests subduction initia-

www.gsapubs.org | Volume XX | Number XX | GEOLOGY | Geological Society of America

Downl oaded from http://pubs. geosci encewor| d. or g/ gsa/ geol ogy/ arti cl e- pdf / doi / 10. 1130/ G64551. 1/ 7875263/ g54551. pdf by Nanjing University user on 13 June 2026



A Time=3.9 Myr
0

—

ensity (kg/m3).

3000

Oceanic plate Oceanic plate

Microcontinent

Continental plate Asthenosphere

Viscosit RG]

19 21 23 25

T
1500 2000 3000

C Time=17.1 Myr
0

jusuodwo) Aisuag

A)1s09sIA

1
3500

B Time=15.3 Myr

G

Dense

Aysuaqg

Buoyant

X 'Compression&deformation L

1500

o
I}
3
=]
51
E1
@
2

A)1soosIp

O

g
> E 4
2 =L
< 8%

54
o &sf
o w_
g %o
3
o
3 _100
2 €

3
< > 200-]
@ Slab rollback
8 :
2 300 ‘
< 2000 2500 3000
2500 3000 3500 X (km)
X (km)
E Density of the oceanic mantle (kg/m ) F Density of the oceanic mantle (kg/m )
3300 3320 3340 3320 3340

O Subduction

Strength (f)

2N
03,
504505\; !
0
65
0

O Accretion

O Transference

Figure 4. Numerical model. Panels A-D illustrate model M1: (A) Oceanic plate carries a micro-
continent that begins to subduct along the initial weak zone, corresponding to Figure 3A; (B)
microcontinent resists subduction at 15.3 m.y., corresponding to Figure 3C; (C) new subduc-
tion zone forms behind microcontinent at 17.1 m.y., corresponding to Figure 3D; (D) magnified
image showing evolution of new subduction zone at 21.7 m.y., with surface elevation shown
above; (E, F) sensitivity of results to variation of microcontinent’s width, crustal thickness,
density of oceanic mantle lithosphere, and strength of microcontinent lithospheric mantle.

tion in the Beila suture (Yan and Zhang, 2020;
Tang et al., 2021). The oceanic plateau collision
model is also not favored because: (1) oceanic
plateau’s fragments are limited in areal extent
(Fig. 1C; Zhang et al., 2021); and (2) detrital
spinels with high Ti content, indicative of oce-
anic plateau provenance, are rare in Jurassic
sedimentary rocks of the Beila basin (Fig. 2F).

Finally, the Lhasa block collided with the
Dongkaco-Qiangtang block at 160-140 Ma
(Fig. 3E). The Upper Jurassic to Lower Creta-
ceous Lagongtang Formation is considered as
deposited in a foreland basin on the North Lhasa
terrane, as it received detritus from rocks of
South Qiangtang affinity, Dongkaco microcon-
tinent, and Daruco arc, as indicated by detrital
zircon U-Pb age peaks and zircon ey(t) values
from O to —5 (Figs. 2A and 2H).

Geodynamic Implications

We conducted geodynamic simulations to
reproduce the observation-based tectonic evolu-
tion and to systematically test the key parameters

that control the fate of a microcontinental block.
Among the 68 simulations, model M1 best repro-
duces the subduction transference process as
reconstructed from geologic data (Figs. 4A—4D).
The results suggest that high density of the oce-
anic mantle lithosphere (>3.32 g/cm?), micro-
continent’s width (>250 km), crustal thickness
(>30 km), and strength of mantle lithosphere
(f-factor >2) all promote resistance to microcon-
tinent subduction, thus favoring subduction-zone
transference (Figs. 4E and 4F). The f~factor is a
model parameter used to describe the mechani-
cal strength of the lithospheric mantle, higher
values meaning greater resistance to deforma-
tion (Xiang et al., 2024). Considering >47%
upper crustal shortening (Kapp et al., 2007), the
width of the Dongkaco microcontinent in the
Early Cretaceous may have exceeded 130 km.
Additional convergence may have resulted from
subduction of Dongkaco continental crust, as
inferred for initial underthrusting of India
beneath Asia (Wang et al., 2022). Regardless,
the Dongkaco microcontinent was much nar-
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rower than the Lhasa block from which it was
rifted (Ma et al., 2024).

In a broader view, ribbon-like continents
with much wider and thicker crust than the
Dongkaco should be more prone to induce sub-
duction transference. The collision between the
Qiangtang block and Eurasia during the Middle
to Late Triassic, therefore, may have triggered
the northward subduction of the Bangong-
Nujiang Ocean in the Late Triassic to earliest
Jurassic. The latest Jurassic Lhasa-Qiangtang
collision may have triggered reinitiation of sub-
duction in the southern Yarlung branch of the
Neo-Tethys Ocean (Kapp and DeCelles, 2019;
Zhang et al., 2019). Similar processes may have
taken place in other long-lived convergent sys-
tems where buoyant continental fragments enter
active trenches.
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