
•REVIEW• https://doi.org/10.1007/s11430-019-9687-x. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Recognition of trench basins in collisional orogens: Insights from
the Yarlung Zangbo suture zone in southern Tibet

Xiumian HU1*, Wei AN2, Eduardo GARZANTI3 & Qun LIU1

1 Institute of Continental Geodynamics, State Key Laboratory for Mineral Deposits Research, School of Earth Sciences and Engineering,
Nanjing University, Nanjing 210023, China;

2 School of Resources and Environmental Engineering, Hefei University of Technology, Hefei 230009, China;
3 Department of Earth and Environmental Sciences, Università di Milano-Bicocca, Milano 20126, Italy

Received October 27, 2019; revised October 10, 2020; accepted October 14, 2020; published online November 10, 2020

Abstract Trench basin, as an important sedimentary repository in oceanic subduction zones, documents faithfully the evolution
of paleodrainage and paleogeographic information. Because of the frequent intense deformation during and after deposition, the
recognition of trench-basin strata in orogenic belts is quite challenging. Several trench-fill deposits have been identified from the
Yarlung Zangbo suture in southern Tibet, which can be classified into two types based on major differences in formation timing
and tectonic setting. The first type developed during subduction of the Neotethyan oceanic slab in the Cretaceous (e.g., the
Jiachala, Rongmawa, and Luogangcuo formations), and the second type developed during the initial stage of the India-Asia
collision in the Palaeogene (e.g., the Sangdanlin-Zheya formations). The former was originally deposited on the subducting
oceanic crust and then accreted as tectonic slices into the subduction complex; the latter was deposited unconformably on the
continental margin of the subducting Indian plate and then involved in the subduction complex during the continental collision.
Typical lithologies of trench-basin fills include abyssal chert, siliceous shale, silty to sandy turbidites, debris flows deposits, and
slump deposits without carbonate. Detritus feeding these basins were chiefly from the uplifted terrane in the upper plate. This
paper summarizes the geological features of trench basins developed in southern Tibet and proposes criteria for recognizing
trench-basins in collisional orogens.
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1. Trench basins and their evolution

Surveys of marine geology have shown that a trench basin
develops at the site of subduction zone, on top of the down-
going plate and in front of the overlying plate, stretching over
thousands of kilometers along the convergent plate boundary.
The trench basin, together with the forearc basin developed
between the volcanic arc and the trench, and trench-slope
basin formed onto the subduction complex, deposit a major

amount of sediment shed from the upper plate at the outer
edge of the arc-trench system (Dickinson, 1995; Underwood
and Moore, 2011). Oceanic trenches generally have water
depths of more than four-five kilometers, which are near or
beyond the present calcite compensation depth (CCD). For
this reason, carbonate does not occur in the trench deposits.
Most trench-basin fills are composed of abyssal chert and
siliceous shale, which are periodically interrupted by gravity
flows deposits (Figure 1; Underwood and Moore, 1995). The
inner trench slope is relatively steep (generally more than 5°
and sometimes up to ~30°), and the transect across the trench
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generally displays asymmetric ‘V’ shape profiles. Sediment-
gravity flows, including turbidity currents, debris flows,
slumps, and slides are thus common in trench environments
(Thornburg and Kulm, 1987).
Deep-sea trench sediments may be generated by two dif-

ferent processes (Figure 2; Xiao et al., 2017). The first and
most prominent one is the terrigenous detritus derived from
the upper plate, including erosion of the subduction complex
consisting of mid-ocean ridge basalt, seamount basalt, chert,
mudrock, and locally limestone previously off-scraped from
the downgoing so-called “oceanic plate stratigraphy (OPS)”
(Isozaki et al., 1990; Wakita and Metcalfe, 2005). Additional
sediment is brought into the trench through settlement from
above, including terrigenous, aeolian, and even cosmogenic
dust, air-fall tuff, biogenic particles (calcareous or siliceous
shells of planktonic fauna and flora) and authigenic minerals.
The calculation of the sediment-mass flux based on the se-
dimentary records compiled after DSDP, ODP, and IODP
data and trench convergence rates shows that modern tren-
ches have deposited large amounts of oceanic sediments,
including 1.08×1015 g yr−1 (76%) of terrigenous detritus,
0.22×1015 g yr−1 (15%) of calcium carbonate, and 0.13×1015

g yr−1 (9%) of opal (Rea and Ruff, 1996).
In the case of continental arcs, terrigenous detritus fed into

trench basins derive mostly from the associated magmatic
arc, retroarc landmass and partly from the subduction com-
plex (Kochelek et al., 2011; An et al., 2018). Grains are
mainly medium-coarse sands and sometimes gravels, and a
significant amount of quartz and felsic volcanic fragments
may occur. Reworked detritus from the subduction complex
may include basalt, chert, limestone, and mudrock whose
grain size can be up to cobble size.
Not all sediments deposited in trench basins are preserved.

In subduction zones characterized by tectonic erosion, there
is no accretion and all sediments are swallowed into the
subduction channel together with material scraped off the
overriding plate through frontal or basal erosion (Noda,

2016; Straub et al., 2020). The amount of subducted sedi-
ment thus varies widely in modern oceanic subduction zones.
Worldwide, in ~19% of subduction zones at least 30% of the
accumulated sediments are not subducted but contribute to
the growth of a large (>40 km-wide) subduction complex,
whereas in ~37% of cases, ~20% of the sediments are not
subducted and contribute to the growth of a smaller (5–40
km-wide) subduction complex. In the remaining ~44% of
cases, all sediments are imported into the subduction channel
and no subduction complex is developed (von Huene and
Scholl, 1991). In terms of geographic distribution (Table 1),
71% of subduction zones along the west side of the Pacific
Ocean have accretionary complexes, whereas ~79% of
subduction zones along the eastern side are in a mode of
tectonic erosion (von Huene and Scholl, 1991). Further
analyses showed that up to ~54% of active margins in the
eastern Pacific including vast regions of northern Chile,
Peru, Ecuador, Colombia, and Mexico, and up to ~90% in the
western Pacific are tectonically erosive (Ranero and von
Huene, 2000; Clift and Vannucchi, 2004). By contrast, sub-
duction zones in the Indian Ocean, Mediterranean Sea, and
Atlantic Ocean are mainly accretionary (Table 1), especially
where coupled with an orogenic system such as the Himalaya
or the Andes (Limonta et al., 2015).
With ongoing subduction of the oceanic slab, trench basins

can be repeatedly deformed and destroyed. Sediments that
survive subduction are off-scraped and accreted, or may be
redeposited. Because strata are not only deformed but also
rotated during accretion, it may be difficult to retrieve reli-
able information on paleoflow directions. Otherwise, if the
tectonic slices undergo only minor deformation and thus
preserve their internal stratigraphy, the fundamental princi-
ples of sedimentology can then be used to infer polarity,
sedimentary environments, depositional processes, prove-
nance, and tectonic evolution of source areas.
Our understanding of trench basins has relied for long on

observations carried out in modern settings. Trench basins,

Figure 1 Main depositional processes occurring in trench basins and typical coarsening-upward depositional sequence. Modified after Underwood and
Moore (1995).
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however, mostly lie in water that is too deep for extensive
coring, and thus studies have been carried out chiefly based
on geophysical data with only limited stratigraphic, sedi-
mentological, and petrographic information (e.g., Kochelek
et al., 2011; Buchs et al., 2015; Xiao et al., 2017). Ancient
examples generally occur in the axial part of orogenic belts
where, however, intense fold-thrust deformation is generally
superposed on the original deformation acquired in oceanic
environments. Identifying and studying the remnants of an-
cient trench basins caught in collisional belts is thus parti-
cularly challenging, and many scientific questions remain
only superficially explored. This paper examines the diverse
characteristics (e.g., occurrence, sedimentary environment,
detrital composition, provenance) of recently discovered

trench basins preserved along the Indus-Yarlung suture zone
of the Himalayan orogen and formed during both the oceanic
subduction stage and the subsequent initial collisional stage.
Based on field and laboratory observations of these units
discontinuously exposed along the Yarlung Zangbo suture
zone in southern Tibet, we provide criteria to recognize
trench-basin deposits, which may turn to be useful in the
study of other orogenic belts on the Earth.

2. Trench basins in the Yarlung Zangbo suture
zone

Geological units found along the Yarlung Zangbo suture

Figure 2 Simplified stratigraphy and sediment composition of modern trench-basin fills (modified from Plank and Langmuir, 1998).

Table 1 Length and percentage of accretionary and erosive oceanic subduction zones in modern active continental margins

Trench distribution
von Huene and Scholl (1991) Clift and Vannucchi (2004)

Accretionary Erosive Total length Accretionary Erosive Total length

Global
Trench length (km) 24550 18900 43450 17300 22925 40225

Percentage (%) 56.5 43.5 – 43.00 57.00 V

Pacific Ocean
Trench length (km) 17100 18100 35200 8550 22225 30775

Percentage (%) 0.49 0.51 – 27.8 72.2 –

Eastern Pacific Ocean
Trench length (km) 10900 2950 13850 6950 8225 15175

Percentage (%) 78.7 21.3 – 45.8 54.2 –

Western Pacific Ocean
Trench length (km) 6200 15150 21350 1600 14000 15600

Percentage (%) 29.0 71.0 – 10.3 89.7 –

Indian Ocean
Trench length (km) 5150 0 5150 6700 0 6700

Percentage (%) 100 0 – 100 0 –

Atlantic Ocean-Mediterranean Sea
Trench length (km) 2300 800 3100 2050 700 2750

Percentage (%) 74.2 25.8 – 74.5 25.5 –
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zone were formed during the northward subduction of the
Neotethyan oceanic lithosphere and the subsequent collision
between the Indian and Asian continents.
The Transhimalayan arc-trench system comprises, from

north to south, the Gangdese magmatic arc, the Xigaze
forearc basin, the Yarlung Zangbo ophiolite, and the Xiukang
complex (Xiukang Mélange of An et al., 2018). All of these
units are bounded by faults and record important information
on ocean subduction and continental collision (Figure 3).
The Gangdese magmatic arc and the Xigaze forearc basin
have been extensively studied through the last decades,
whereas the more complex geology of the ophiolitic suture
zone still needs full unraveling. Because only a few and
small oceanic accretionary complexes are preserved along
the Yarlung Zangbo suture zone in southern Tibet (An, 2015;
Metcalf and Kapp, 2019), we infer that for most of the time
of subduction much of this active continental margin was
characterized by tectonic erosion. Four distinct trench basins
have been recently recognized and described from the central
part of the Yarlung Zangbo suture, which are the Jiachala
Formation in the eastern Gyangze area, the Rongmawa
Formation in the Dênggar area, and the Luogangcuo For-
mation and Sangdanlin-Zheya succession exposed in the
southern Saga area (Figures 3 and 4). Similar trench-basin
deposits has also been found in the Indus suture zone of the
northwestern Himalaya (Garzanti and Van Haver, 1988).
The Jiachala Formation is exposed on the Jiachala

Mountain, east to Gyangze, where it lies in fault contact with
the Zongzhuo Formation (Fu et al., 2018). The stratigraphic
unit is composed of thin- to medium- bedded sandstone in-
terbedded with shale. Flute casts are common at the base of
sandstone bed, and slump deposits with black shale matrix
and sparsely distributed lenticular sandstones and blocks
recur at several intervals (Figure 5a and 5b). Sedimentary

features suggest a submarine-fan lobe environment (Fu,
2020). Sandstones are mainly feldspatho-litho-quartzose
volcaniclastic (Figure 6). Based on the youngest U-Pb ages
of detrital zircons, the depositional age is estimated as Late
Cretaceous (~88–84 Ma; Fu et al., 2018) (Figure 7). Prove-
nance analysis suggests that detritus was derived from the
Gangdese arc and central Lhasa terrane. The occurrence of
zircon grains dated as Late Triassic to Early Jurassic is best
explained by longitudinal transport along the trench axis
based on the provenance analysis of the sandstones (Fu et al.,
2018).
The Rongmawa Formation is exposed in the Ngamring-

Dênggar region, where it lies in fault contact with the Xiu-
kang complex (Cai et al., 2012; Wang et al., 2018; Orme et
al., 2020). This stratigraphic unit can be subdivided into
three members. The lower and upper members consist of
thin-bedded sandstone interlayered with siltstone, and bio-
turbation or normal grading and parallel lamination occa-
sionally occur. The middle member is instead mud-
dominated interval with a few chert and thin-bedded sand-
stone layers. Sedimentary features indicate a distal sub-
marine-fan environment for the lower and upper parts,
separated by a period with very limited turbidity-current
activity documented by the middle unit. Sandstones are
feldspatho-litho-quartzose to litho-feldspatho-quartzose
volcaniclastic or less commonly sedimentaclastic (Figure 6).
The youngest U-Pb ages of detrital zircons indicate a Late
Cretaceous depositional age (~92–87 Ma) (Figure 7). Pro-
venance analysis suggests that detritus was derived from the
Gangdese arc and central Lhasa terrane. Because of the oc-
currence of zircon grains dated as Late Triassic to Early
Jurassic, Laskowski et al. (2019) hypothesized that the se-
diment-routing system feeding the trench may have been
represented by an ancestral Lhasa River that cut across the

Figure 3 Geological map of the southern Lhasa terrane and Himalayan belt, modified after Laskowski et al. (2019). Red symbols indicate the identified
trench basins (Wang et al., 2011; Cai et al., 2012; DeCelles et al., 2014; Wu et al., 2014; Hu et al., 2015; An et al., 2018; Wang et al., 2018; Fu et al., 2018;
Metcalf and Kapp, 2019; Laskowski et al., 2019; Orme et al., 2020); grey symbols indicate forearc-basin sections where provenance studies were carried out
(Figures 6 and 7; Wu et al., 2010; An et al., 2014; Orme et al., 2014; Orme and Laskowski, 2016).
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Figure 4 Stratigraphic columns of trench deposits identified along the central part of the Yarlung Zangbo suture zone, compared with the stratigraphic
succession of the Xigaze forearc basin. Data sources as in Figure 3.

Figure 5 Field pictures showing different types of blocks found in slump deposits within trench-basins exposed along the Yarlung Zangbo suture zone. (a),
(b) Sandstone blocks (Jiachala Formation); (c), (d) chert and sandstone blocks (Luogangcuo Formation); (e), (f) carbonate and conglomerate blocks (Zheya
Formation).
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Gangdese magmatic arc and the Xigaze forearc basin to
deliver its sediment to the Neo-Tethyan trench, and even-
tually reaching as far west as the Dênggar area after long-
distance longitudinal transport. Such a dispersal pathway is
similar to that of the modern Fuji River in Japan, which
discharges via the Suruga submarine canyon into the Nankai
Trough after >400-km, trench-parallel turbiditic transport
along the Nankai deep-sea channel (e.g., Shimamura, 1989;
Buchs et al., 2015).
To the west of Saga, the Luogangcuo Formation lies in

fault contact with the Xiukang complex. It is composed of
clast- or matrix-supported conglomerate interlayered with
thin-bedded sandstone and shale. Conglomerates consist of
moderately sorted, angular to sub-angular pebbles and cob-
bles with sparsely distributed sandstone and carbonate
blocks, indicating deposition by debris flows (An et al.,
2018). Scour-and-fill features and normal grading are com-
mon in sandstone beds, indicating deposition by turbidity
currents in a distal submarine fan. Sandstones range in
composition from quartzo-feldspatho-lithic to feldspartho-
quartzo-lithic volcaniclastic (Figure 6) and were sourced
from the Gangdese arc and central Lhasa terrane. Con-
glomerates, instead, are dominated by chert clasts, pointing

at a local provenance from the subduction complex trans-
ported mainly perpendicular to the trench. The U-Pb ages of
the youngest detrital zircons indicate a Late Cretaceous de-
positional age (~88–81 Ma; An et al., 2018).
In the Saga area, the succession represented by the Sang-

danlin and Zheya formations unconformably overlies the
Denggang Formation, which was deposited on the continental
rise of the Indian passive margin. The Sangdanlin Formation
is ~100 m-thick and mainly composed of chert and siliceous
shale with turbiditic sandstone beds increasing upwards. Syn-
depositional slump deformation is common. The overlying
Zheya Formation is more than 500 m-thick, and mostly
composed of thin-bedded turbiditic sandstone intercalated
with shale. Slumps occur and include sandstone and limestone
blocks (Figure 5e–5f) (Wang et al., 2011; DeCelles et al.,
2014). The depositional age is precisely constrained by coc-
colith and radiolarian biostratigraphy coupled with zircon
chronostratigraphy as middle Paleocene (59±1 Ma; Hu et al.,
2015). Turbiditic sandstones in the lower Sangdanlin Forma-
tion are either quartzose derived from India or feldspatho-
litho-quartzose volcaniclastic derived from the Gangdese arc
and central Lhasa terrane (Wang et al., 2011; DeCelles et al.,
2014). In the upper Sangdanlin and Zheya formations, in-

Figure 6 Framework modes (QFL plot) and lithic types (LvLmLs plot) illustrate sandstone composition in trench basins and corresponding forearc basin.
Q, quartz; F, feldspars; L, lithics (Lv, volcanic; Lm, metamorphic; Ls, sedimentary). Data sources as in Figure 3. QFL fields and classification scheme after
Garzanti (2016, 2019).
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stead, all turbidites are sourced transversally from the Asia,
with the same provenance from the Gangdese arc and central
Lhasa as the coeval Quxia and Jialazi formations of the
forearc basin (Wang et al., 2011; DeCelles et al., 2014; Wu et
al., 2014; Hu et al., 2015, 2016).
The trench-fill deposits described above are subdivided

into two different groups by their depositional age and
geodynamic setting. The Jiachala, Rongmawa, and Luo-
gangcuo formations accumulated in Late Cretaceous during
Neo-Tethyan oceanic slab subduction. By contrast, the
Sangdanlin and Zheya formations accumulated in the middle
Paleocene during the onset of the India-Asia collision, i.e.,
incipient formation of the suture zone. These units were also
considered as foredeep foreland-basin deposits (Ding, 2003;
DeCelles et al., 2014, 2018), however, the Sangdanlin-Zheya
succession marks a transitional stage starting with pre-col-
lisional sedimentation and ending with syn-collisional de-
formation which can be better explained as the last trench
deposits before development of an orogenic belt and its as-
sociated foreland basin rather than the base of a continuous
foreland-basin succession.
Compared with the corresponding Xigaze forearc-basin

strata, sandstones in the Jiachala and Rongmawa formations
are notably richer in quartz and sedimentaclastic detritus
(Figure 6) and contain more zircon grains yielding Upper
Triassic U-Pb ages (~220–200 Ma) (Figure 7). This points to

an additional source including Upper Triassic igneous rocks
(or sandstones containing Upper Triassic igneous detritus),
most plausibly represented by the eastern part of the
Gangdese arc (modern Lhasa region; Laskowski et al.,
2019). By contrast, the Luogangcuo and Sangdanlin-Zheya
formations show virtually the same provenance signatures as
the corresponding forearc-basin sediments (Figures 6 and 7)
and thus presumably the same source area located in the
western part of the Gangdese arc (modern Saga-Zhongba
region; An et al., 2018).

3. Geological units adjacent to trench basins

3.1 The northern Indian passive continental margin

In the Saga area, ophiolitic mélange and trench deposits of
the Yarlung Zangbo suture zone are bounded to the south by
Jurassic-Cretaceous deep-water sedimentary rocks belong-
ing to the Tethys Himalayan sequence (Figure 8). The Tethys
Himalaya preserves the deformed remnants of the Indian
passive margin (Sciunnach and Garzanti, 2012) and com-
prises a southern zone including platform carbonates and
diverse terrigenous units of Ordovician to Eocene age and a
northern zone dominated by Mesozoic to Paleocene outer
shelf, continental slope, and rise deposits (Jadoul et al., 1998;
Hu et al., 2008, 2012). The topmost part of the succession

Figure 7 U-Pb age-spectra of detrital zircons in trench basins of the Yarlung Zangbo suture zone (red) and the corresponding forearc basin (grey). Data
sources as in Figure 3.
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originally deposited on the northern Indian passive margin is
truncated by erosion in most areas, and the Paleocene strata
documenting the early stage of continental collision are
preserved only in southern Tibet and in the Zanskar Range of
the NW Himalaya. Clastic units originally deposited close to
the continent-ocean transition, which documenting the first
arrival of the edge of the Indian continent at the Asian trench,
have only been identified in southern Tibet so far. In the
Sangdanlin section of the Saga area (Figure 8), the Denggang
Formation consists of siliceous shale interbedded with tur-
biditic quartzarenites, documenting deep-water deposition
on the distal edge of the Indian passive margin in the early
Paleocene, shortly before the onset of the India-Asia con-
tinental collision (Wang et al., 2011; Hu et al., 2015, 2017).
Passive-margin sedimentation ended during deposition of the
overlying Sangdanlin Formation, where quartzarenites de-
rived from India are found for the first time interbedded with
feldspatho-litho-quartzose volcaniclastic sandstones derived
from Asia (Hu et al., 2015). Syn-collisional trench sedi-
mentation is testified by the overlying Zheya Formation,
terminated by tectonic deformation and uplift.

3.2 The Xiukang subduction complex

The Xiukang subduction (or accretionary) complex (also
called the Xiukang Group, Xiukang Mélange or Yamdrok

Mélange; Yin and Sun, 1988; An, 2015; An et al., 2017;
Metcalf and Kapp, 2019) is a geological unit continuously
exposed along the Zhongba-Gyangze fault and situated be-
tween the Yarlung Zangbo ophiolite in the north and Tethyan
Himalayan strata in the south. It consists of highly deformed
tectonic slices including exotic blocks of sandstone, lime-
stone, chert, and basalt with various sizes and ages set in
block-in-matrix fabric locally containing Globotruncanas
(Chang, 1984). The detrital components of the complex may
have three different origins: turbiditic quartzarenites de-
posited on the Indian continental rise, Gangdese-arc-derived
turbidites deposited in the trench and/or on the trench slope
during the Late Cretaceous (i.e., well before India/Asia
collision onset), and exotic basalt and limestone blocks de-
rived from seamounts within Neotethys (Li and Shen, 2005;
An et al., 2017). The Xiukang complex was traditionally
interpreted as the subduction complex of the Asian margin
accreted before the India-Asia collision (Cai et al., 2012).
Recent field observations and provenance studies, however,
have shown that the Xiukang complex is the complex pro-
duct of accretion occurred not only during Cretaceous Neo-
Tethyan subduction but also during early Paleogene India/
Asia collision (An, 2015; An et al., 2017; Metcalf and Kapp,
2017). In the syn-collisional stage, deep-water sediments
originally deposited onto the distal Indian passive margin as
well as trench-basin deposits were incorporated into the

Figure 8 Simplified geological map of the Saga area (modified from An et al., 2018), indicating outcrops of trench-basin deposits. The Sangdanlin-Zheya
succession is exposed as a tectonic slice within the Xiukang complex, adjacent to Tethys Himalayan passive-margin strata to the south.
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Xiukang complex mostly as single block rather than tectonic
slices (Figure 8).

4. Paleogeographic evolution

Provenance analysis provides useful information to constrain
the paleogeographic evolution of the Lhasa block and
Transhimalayan arc-trench system since the Cretaceous
(Figure 9). During the Early Cretaceous, the Xigaze forearc
basin was underfilled and detritus could not reach the trench.
Only since ~92 Ma, the uplift of the Lhasa block (Lai et al.,
2019; Wang et al., 2020) generated larger volumes of sedi-
ments that rapidly filled the Xigaze forearc basin and could
thus bypass the trench-slope break and eventually reach the
trench where the Jiachala, Rongmawa, and Luogangcuo
formations accumulated.
The rapid cooling and uplift of Xigaze forearc-basin strata

occurred at ~90 Ma indicated by the low-temperature ther-
mochronological analysis (Li et al., 2017), could have in-
duced recycling sediments of forearc-basin strata to the
trench, which corresponds well with the enriched quartz and
sedimentary lithic fragments in trench strata. Prominent
abraded overgrowths and rounded outline of quartz in shale,
siltstone, and sandstone rock fragments indicating the ex-
tensive recycling process, which can also be seen in the
Mélange unit in the Indus suture zone of the northwestern
Himalaya (Garzanti and Van Haver, 1988).
The major tectonic event occurred in the middle Paleocene

at the India-Asia collision onset, leading to markedly in-
creasing sediment supply to trench basins. Sediment trans-
port pathways were mainly longitudinal in the eastern
Gyangze-Dênggar area but transversal in the western Saga
area, in which the diversity was likely controlled by topo-
graphic irregularities along the trench axis, location of entry
points of detritus, and amount of sediment supply.

5. Characteristics of trench basins and criteria
for their recognition

Trench basins sit on an subduction zone and generally share
the following features: (1) water depth typically below the
CCD, and the deposit mainly composed of chert and clay but
lack of carbonate; (2) abundance of sediment gravity flows
induced by tectonic instability, including debris flows, tur-
bidites, slumps, and slides; (3) sediment mostly derived from
the overriding plate-including the volcanic arc and retroarc
area as well as the subduction complex- and transported both
perpendicular and parallel to the trench axis; (4) common
coarsening-upward trends with chert and clay passing gra-
dually to turbidites; (5) basin length is subparallel to the
suture zone and displays a linear or curved shape; (6) typi-

cally strong tectonic deformation acquired both during the
subduction stage and subsequently collisional development
of the suture zone.
The identification of trench-basin deposits in orogenic

belts is seldom straightforward because of the complex tec-
tonic evolution of suture zones. The development of a mature
accretionary arc-trench system with sufficient sediment
supply is required for the formation and preservation of
trench basins. Such conditions, however, are not invariably
fulfilled. In active continental margins characterized by
tectonic erosion, typical of the western side of the Pacific
Ocean and widely represented along its eastern side (Clift
and Vannucchi, 2004), trench basins are formed and rapidly
disrupted, most if not all of the sediments are subducted, and
preservation potential is thus minimal. Therefore, not all
orogenic belts are expected to have identifiable subduction
complexes and trench-basin fills along their suture zones.
Trench basins and forearc basins may be challenging to

differentiate, because they may be filled at roughly the same
time by sediments of similar or even identical provenance
and compositional fingerprints. Recent detailed studies of
trench basins discovered along the Yarlung Zangbo suture
zone (An et al., 2017, 2018; Fu et al., 2018; Orme et al.,
2020) may provide some guidance for the recognition of
trench-basin fills in other collisional belts and for their dis-
tinction from forearc-basin strata. Most useful diagnostic
criteria are: (1) tectonic juxtaposition between ophiolitic
complexes (typically representing the forearc-basin base-
ment) and passive-margin strata of the lower plate, whereas
forearc basins are situated between the ophiolitic complex
and the arc massif (Figure 8); (2) compared to forearc basins,
trench basins are composed of abundant abyssal chert and
clay intercalated with turbidites, debris flows, and slump
deposits; (3) trench basins generally have water depth below
the CCD and consequent lack of carbonate, whereas forearc-
basin strata may include shallow marine, deltaic and fluvial
deposits as well as platform carbonates; (4) dominance of
lobe turbidites in trench basins compared to the pervasive
channel-levee systems developed in forearc basins; (5) se-
diment transport in trench basins commonly parallel to the
strike of the subduction zone and originating at single entry
points connected with major river mouths, thus detritus in
trench basins is commonly richer in quartz and sedimentary
rock fragments, reflecting extensive recycling either of the
subduction complex or of the forearc basin itself.
In convergent plate margins close to accretionary orogens,

trench-basin deposits are preserved as tectonic slices within
the subduction complex, as an important component of the
subduction complex. Sedimentary basins are also formed
above the subduction complex, as commonly seen in seis-
mic-reflection profiles of modern systems (Underwood and
Moore, 1995; Lackey et al., 2020). The basal contact of these
basins, however, is typically deformed strongly during or-
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ogeny, which makes the distinction between trench basins
and trench-slope basins exceedingly difficult.

The successful identification of a trench basin is an es-
sential step in the understanding of oceanic-subduction and

Figure 9 Schematic diagrams depict the Late Cretaceous-Paleocene evolution of trench basins along the Yarlung Zangbo suture zone. Lower panel: In the
early Late Cretaceous (>92 Ma), when the Xigaze forearc basin was underfilled, the edge of the Asian margin was in tectonic erosion and trench basins did
not develop. Middle panel: In the middle Late Cretaceous (~92–73 Ma), when the Xigaze forearc basin was eventually filled up, the Asian margin was only
partly erosive, and both transversal and longitudinal sediment dispersal fed deep-sea-fan trench deposits. In the Gyangze-Dênggar area, detritus supplied by
the paleo-Lhasa river in the east accumulated as Jiachala and Rongmawa formations. Detritus supplied by another drainage system accumulated as
Luogangcuo Formation in the Saga area. Upper panel: In the Paleocene (~60 Ma), at the India-Asia collision onset, the Sangdanlin-Zheya succession
deposited in the Saga area documented the final stage of trench sedimentation before tectonic incorporation of the Yarlung Zangbo suture in the embryonic
Himalayan fold-thrust belt.
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continental-collision processes. It is easy to foresee that more
trench basins will be documented by future research. We
hope that the basic characteristics and criteria for the re-
cognition of trench basins in orogenic belts first outlined in
this article, may provide reference for further and more ad-
vanced geological studies conducted at the core of orogenic
belts worldwide.
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