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Abstract The history of Indian continental subduction beneath Asian plate remains unclear. Miocene
ultrapotassic rocks in southern Tibet, with extremely enriched isotopes, have often been used to trace
mantle metasomatism and geodynamic processes associated with Indian continental subduction. These
rocks, however, may have been contaminated by Lhasa ancient crust. Uncertainties on primary ultrapotassic
magmas obscure their mantle sources. Here we report on first mafic igneous enclaves in Cenozoic lavas of
southern Tibet. They consist principally of clinopyroxene, phlogopite, and sanidine and have a zircon U-Pb
age of 21.5 ± 0.3 Ma. Mineral and bulk-rock geochemical characteristics indicate their crystallization from
primary ultrapotassic magmas. Bulk-rock Sr-Nd, clinopyroxene Sr, and zircon O isotopes demonstrate their
isotopically enriched character. Combined with precollisional basalts, we suggest that the mantle source of
the enclaves was enriched by the subducted Indian continent. This study implies that the Indian continent
had subducted beneath central Lhasa no later than early Miocene.

Plain Language Summary India-Eurasia plate convergence has been one of the most important
Cenozoic geological events on Earth. The Indian continent should now lie beneath central Lhasa block of
southern Tibet, as the geophysical data showed. However, we cannot actually determine when the Indian
continent reached its present position. The Cenozoic mantle-derived ultrapotassic rocks in central Lhasa,
characterized by extremely enriched isotopic compositions, have often been used in attempts to trace
mantle metasomatism and the geodynamic processes associated with Indian continental subduction.
However, these rocks were likely contaminated by Lhasa ancient crustal materials. Uncertainties on
primary ultrapotassic magmas and their origins have limited our ability to directly characterize their
mantle sources. We have recently identified the early Miocene mafic enclaves in central Lhasa. Our study
indicates that these enclaves likely originated in basic ultrapotassic magmas. The bulk-rock Sr-Nd, in situ
clinopyroxene Sr, and zircon O isotope compositions differ from those of precollisional basalts, further
demonstrating the isotopically enriched character of the primary magmas and suggesting that their
mantle source was metasomatized by the subducted Indian continent. This study shows that the Indian
continent could likely have reached its present position (central Lhasa block) no later than the
early Miocene.

1. Introduction

India-Eurasia plate convergence has been one of the most important Cenozoic geological events on Earth.
Geophysical data demonstrate that the Indian continent has subducted northward beneath southern Tibet
(Gao et al., 2016; Nabělek et al., 2009; Tapponnier et al., 2001; Zhao et al., 2010), but the detailed history of
Indian continental subduction remains unclear. Based on studies of ca. 14 Ma adakitic rocks in the south-
ern Lhasa block, Xu et al. (2010) suggested that the Indian continental crust had subducted beneath
southern Tibet by that time. Jiang et al. (2011, 2014) and Hou et al. (2012) interpreted the ca. 30 Ma ada-
kitic rocks in southern Lhasa to be produced by partial melting of northward subducted lower Indian crust
and suggested that the Indian continent had entered beneath southern Tibet by least 30 Ma. Recently, Ma
et al. (2017) suggested that the ca. 35 Ma Quguosha gabbros in southern Lhasa had a mantle source that
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was enriched by the subducted Indian continental materials, which may imply initial continental
subduction beneath southern Tibet by least 35 Ma. However, Nabělek et al. (2009), based on the
geophysical data, suggested that the northern extent of the Indian crust should now lie beneath the
central Lhasa block of southern Tibet. So far, we cannot actually determine when the Indian continent
reached its present position beneath southern Tibet.

Cenozoic ultrapotassic rocks mainly in the central Lhasa block of southern Tibet not only provide a postcolli-
sional window into the thermal and compositional characteristics of the deep mantle (Chung et al., 1998;
Nomade et al., 2004; Turner et al., 1993; Williams et al., 2001, 2004; Xu et al., 2017); their extremely enriched
isotopic compositions have also been widely used as tracers of mantle metasomatism attributed to either
Tethys oceanic or Indian continental subduction (Ding et al., 2003; Gao et al., 2007; Guo et al., 2013, 2015;
Zhao et al., 2009). In the latter model, the ultrapotassic rocks may record significant information relating to
the past subduction of the Indian continent.

The Cenozoic ultrapotassic rocks are dominated by trachyandesites. Only minor basaltic samples have been
reported (e.g., Williams et al., 2001), and these may be ascribed to the presence of olivine xenocrysts (Guo
et al., 2015; Zhao et al., 2009). The genesis of the ultrapotassic lavas has been highly controversial. Some stu-
dies suggest that the ultrapotassic lavas originated directly from an enriched mantle source (Guo et al., 2015;
Huang et al., 2015; Turner et al., 1996). However, other studies of crustal xenoliths, zircon xenocrysts, and
bulk-rock Os isotopes (Liu et al., 2015; Liu, Zhao, Zhu, Niu, Depaolo, et al., 2014a; Liu, Zhao, Zhu, Niu, &
Harrison, 2014b; Miller et al., 1999) have suggested that the ultrapotassic lavas were contaminated by ancient
crust material of the Lhasa block, which would limit our ability to directly characterize the isotopic character-
istics of their mantle sources.

It has been proposed that phlogopite- and spinel-bearing harzburgite mantle xenoliths entrained by
ultrapotassic trachyandesites from the Sailipu area, southern Tibet, correspond to the mantle source
rocks of the ultrapotassic lavas (Liu et al., 2011), implying that their mantle source can be characterized
directly. Compared to the ultrapotassic lavas, however, model melts in equilibrium with the Sailipu man-
tle xenoliths have similar light rare earth element (LREE) and middle REE but distinctly higher heavy REE

Figure 1. Sketch map of main tectonic units and distribution of Cenozoic (ultra) potassic rocks and adakites in Tibetan
Plateau, modified after Yin and Harrison (2000) and Liu et al. (2011). Inset shows location of Tibet in regional context.
Our mafic enclave samples are from the Konglong area in the central Lhasa block. STDS: South Tibet detachment system;
IZS: Indo-Zangpo suture; BNS: Bangong-Nujiang suture; JS: Jinsha suture.
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(HREE) contents (Liu et al., 2011). This discrepancy suggests that the
ultrapotassic lavas were not derived from the enriched lithospheric
mantle represented by the Sailipu mantle xenoliths, and thus, their
mantle source remains unknown.

Uncertainties regarding the primary ultrapotassic magmas and their
mantle origins not only hinder attempts to establish the isotopic char-
acteristics of their mantle sources but also obscure the mechanism of
mantle metasomatism. We have recently identified mafic enclaves
entrained by Miocene potassic lavas in the central Lhasa block of
southern Tibet that may resolve these issues. Our study suggests
that the mafic enclaves likely originated in basic ultrapotassic mag-
mas. Accordingly, they provide an unprecedented opportunity to
investigate Cenozoic primary ultrapotassic magmas and their mantle
characteristics.

2. Geological Setting and Samples

The Tibetan Plateau consists primarily of the Songpan-Ganze,
Qiangtang, Lhasa and Himalaya blocks, separated from north to south
by the Jinsha, Bangong-Nujiang, and Indo-Zangpo suture zones
(Figure 1; Yin & Harrison, 2000). The Lhasa block can be further
divided into three parts (i.e., northern, central, and southern Lhasa
blocks; Zhu et al., 2011; Zhu et al., 2013). The initial India-Eurasia
(India-Lhasa) collision is generally suggested to have occurred in the
early Cenozoic (65–55 Ma; e.g., Hu et al., 2015). The ongoing collision,
where the Indian continental lithosphere is dragged by the subducted
Neo-Tethyan oceanic lithosphere, would induce slab break-off (i.e.,
separation of the oceanic and continental lithosphere) due to the
buoyancy of Indian continental lithosphere (Zhu et al., 2015). The slab
break-off most likely occurred at 50–45 Ma, based on a magmatic
flare-up and the presence of ocean island basalt-type rocks (Ji et al.,
2016; Jiang et al., 2014; Zhu et al., 2015). After slab break-off, the col-
lision zone converted into an intracontinental setting with the conver-
gence of the Indian continental lithosphere beneath southern Tibet.
The initial subduction of the Indian continent likely occurred at
35 Ma (Ma et al., 2017). As previously noted, the present northern
extent of the Indian continent beneath the central Lhasa block is
shown by geophysical data (Nabělek et al., 2009), but the time at
which the Indian continental plate first reached its present position
remains unclear.

Cenozoic postcollisional volcanic rocks in the central Lhasa block of south-
ern Tibet mainly consist of 24–8 Ma potassic-ultrapotassic lavas (Figure 1;
Miller et al., 1999; Turner et al., 1996). The ultrapotassic lavas commonly
crop out west of longitude 87°E, and rare samples occur at longitude
90°E (Xu et al., 2017), whereas potassic lavas are sporadically distributed
in the Xungba, Konglong, and Yangying areas (Figure 1; Miller et al.,
1999; Nomade et al., 2004).

The postcollisional volcanic rocks in the Konglong area of central Lhasa
are composed of trachytes with minor rhyolites and erupted at

21.3 ± 0.2 Ma (a whole-rock 40Ar-39Ar age of a rhyolite; Chen et al., 2010). Mafic enclaves entrained
in the trachytes consist principally of clinopyroxene, phlogopite, and K-feldspar and accessory apatite,
sphene, and zircon (Figure DR2). Detailed petrographic, geochronological, mineral, and bulk-rock geo-
chemical analyses were conducted on the Konglong enclaves.

Figure 2. Secondary ion mass spectroscopy zircon U-Pb dating results for (a)
the Konglong mafic enclave and (b) the host trachyte. (c) Zircon O isotopes
for the mafic enclave. Representative zircons of the mafic enclave exhibit
sector zoning in cathodoluminescence images. The zircons observed in the
photomicrographs of the dated enclave KLB10 (Figure DR3) include exam-
ples embedded within Cpx, which can suggest their crystallization directly
from the enclave magma.
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3. Results

Secondary ion mass spectroscopy zircon U-Pb dating for the Konglong
mafic enclaves yields a weighted mean 206Pb/238U age of 21.5 ± 0.3 Ma,
similar to that of the trachyte host lavas (21.3 ± 0.2 Ma; Figures 2a and
2b). Zircons in the mafic enclaves show limited δ18O ranges of 8.1–8.9‰
with an average value of 8.56 ± 0.26‰ (1SD; Figure 2c).

The Konglongmafic enclaves have highMgO (8.9–11.1 wt %) and K2O con-
tents (3.8–5.4 wt %) and K2O/Na2O ratios (4.0–6.0) and thus are ultrapotas-
sic (Foley et al., 1987) but are distinguished from the ultrapotassic lavas
(i.e., trachyandesites) in southern Tibet by their lower SiO2 (41.2–47.6 wt
%, volatile-free; Figure 3a). They are characterized by relatively flat LREE
patterns, HREE depletions, moderate negative Eu anomalies and signifi-
cant enrichment of the large ion lithophile elements relative to the high
field strength elements (Figures DR4a and DR4b). The trace element distri-
bution patterns of the Konglong enclaves closely resemble those of the
ultrapotassic lavas but clearly differ from those of the postcollisional ada-
kitic intrusions in southern Tibet (Figures DR4a and DR4b). The enclaves
have highly enriched Sr-Nd isotopic compositions (87Sr/86Sr(i) = 0.710 to
0.712 and εNd(t) = �9.8 to �10.5), close to but slightly less enriched than
those (87Sr/86Sr(i) > 0.712, εNd(t) < �11.0) of the ultrapotassic lavas
(Figure 3b). They also have high Pb isotopic ratios, similar to those of the
ultrapotassic lavas but unlike those of the adakites (Figure 3c).

Phlogopites (Phl) in the Konglong enclaves have variable Mg# of 37–84
and K2O and Al2O3 contents of 6.2–11.2 and 9.0–14.0 wt %, respectively,
distinct from those of Phl in the Sailipu mantle xenoliths but similar to
those of Phl phenocrysts in the Sailipu ultrapotassic lavas (Figures DR5a
and DR5b). Feldspars have high K2O contents and are sanidine (Figure
DR5c). Clinopyroxenes (Cpx) have variable Mg# of 63–89 and high CaO
contents of 21.7–24.7 wt % (Figure 4a) and are diopside and sahlite, in con-
trast to the high Mg# (84–89) and low CaO (18.4–21.6 wt %) of the endiop-
sides in the Sailipu mantle xenoliths (Figure DR5d). Clinopyroxenes display
upward-convex REE patterns with small negative Eu anomalies (Figure
DR4c). Compared to Cpx in the Sailipu mantle xenoliths (Liu et al., 2011),
the high Mg# (84–89) clinopyroxenes in the Konglong enclaves generally
have lower trace element contents, except for Sr (Figure 4b). The clinopyr-
oxenes in the enclaves commonly have homogeneous and lower Sr iso-
tope values (0.709–0.714), except for several grains with 87Sr/86Sr of
0.715–0.716 (Figure 4c), whereas clinopyroxenes in the Sailipu xenoliths
have high Sr isotope ratios (0.714–0.719; Xu et al., 2017).

4. Discussions
4.1. Primary Ultrapotassic Magmas

Miocene ultrapotassic lavas (e.g., MgO > 3 wt %, K2O > 3 wt %, K2O/
Na2O > 2; Foley et al., 1987) are widely distributed in southern Tibet.

However, numerous studies (e.g., Guo et al., 2015; Williams et al., 2001) have indicated that they commonly
have SiO2 of 52–61 wt % (i.e., trachyandesites rather than basalts; Figure 3a), MgO of 5–10 wt %, and extre-
mely enriched Sr-Nd isotope compositions (87Sr/86Sr(i)> 0.712, εNd(t)<�11.0; Figure 3b). It should be noted
that basalt outcrops are comparatively rare and only a few lava samples are basaltic (four samples have SiO2

of 45–50 wt %; Figure 3a) and have relatively high MgO (>10 wt %). These exceptional samples may be
ascribed to the presence of the mantle olivine xenocrysts in the ultrapotassic lavas (e.g., Guo et al., 2015;
Liu et al., 2011; Zhao et al., 2009).

Figure 3. (a) Total alkali versus SiO2 and (b) Sr-Nd isotopes and (c) Pb iso-
topes of the Konglong mafic enclaves. The Konglong volcanic rock data
are from Chen et al. (2010). The postcollisional ultrapotassic lavas and ada-
kites in southern Tibet (data sources are the same as in Figure DR4) are for
comparison. O3-dacite; R-rhyolite; S1-trachybasalt; S2-basaltic trachyande-
site; S3-trachyandesite; T-trachyte; U2-phonotephrite; U3-tephriphonolite.
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The Konglong mafic enclaves are contemporary with the postcollisional ultrapotassic (trachyandesite) lavas
in southern Tibet. Compared to the ultrapotassic lavas, the Konglong mafic enclaves show similar REE distri-
bution patterns and spider diagrams, but lower SiO2 (41–48 wt %), higher MgO (9–11 wt %), and less enriched
Sr-Nd isotopes (87Sr/86Sr(i) = 0.710–0.712, εNd(t) = �9.8 to �10.5; Figure 3). Moreover, the compositions of
the minerals in the mafic enclaves show clearly that they are phenocrysts rather than xenocrysts. Thus, the
combination of their high K2O, K2O/Na2O, and mineral assemblage (Cpx + Phl + sanidine) demonstrates that
the mafic enclaves are primary/basic ultrapotassic rocks, which are unique in southern Tibet and reported
here for the first time. Their primary/basic nature is also consistent with the high Mg# (up to 89) of the
clinopyroxenes in the enclaves. The calculated Mg# of the parental liquids in equilibrium with the clinopyr-
oxenes, using the method of Wood and Blundy (1997), extends up to 70, coinciding with those of mantle-
derived primary melts. Based on this evidence, the Konglong mafic enclaves must have originated from
primary ultrapotassic magmas.

Early crystallizing minerals (e.g., high Mg# clinopyroxenes) instead of the whole rock typically record more
direct information regarding primary magma compositions and their source regions (Ren et al., 2017). We cal-
culated REE compositions of the model melts in equilibriumwith the enclave clinopyroxenes with Mg# of 83–
89, using partition coefficients between Cpx and an alkaline lamprophyric melt from Foley et al. (1996). The
model melts (Figure 4d) have flat LREE patterns and a more significant HREE fractionation than spinel mantle-
derived melts (Liu et al., 2011), indicating a garnet-facies mantle source for the primary magmas. Moreover,
the primary ultrapotassic magmas were isotopically enriched, as demonstrated by the in situ clinopyroxene
Sr and zircon O isotopic compositions of the Konglong enclaves.

4.2. Formation of Mafic Enclaves

Although the Konglong mafic enclaves originated from primary magmas, they may have experienced com-
plex magma chamber processes (e.g., mixing of variable magmas, AFC, and accumulation). Indeed, a notice-
able discrepancy of REE contents occurs between the enclaves and model primary magmas, indicating that
the primary magma assimilated/mixed with other high-REE components to form the enclaves. The majority

Figure 4. (a) CaO versus Mg# of the Konglong enclave Cpx. (b) Trace element contents of Cpx from Konglong enclaves nor-
malized to primitive mantle. (c) In situ Sr isotopes versus Mg# of the Konglong enclave Cpx. Individual errors are smaller
than the size of the symbols used. (d) Rare earth element compositions of model melts in equilibrium with the Konglong
enclave Cpx normalized to chondrite. Normalizing values are from Sun and McDonough (1989). The major, trace elemental
data and in situ Sr isotopes for Cpx of the Sailipu mantle xenoliths are from Liu et al. (2011) and Xu et al. (2017), respectively.
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of clinopyroxenes in the Konglong enclaves and those in the Sailipu man-
tle xenoliths have distinct Sr isotopic compositions (Figure 4c), suggesting
that the spinel mantle was not involved substantially in the formation of
the enclaves. This could be ascribed to a rapid ascent of the garnet-facies
mantle-derived primary magmas to the crust (Figure DR6). The similar Sr
isotopic compositions of the Konglong enclaves and their clinopyroxenes
imply only limited crustal assimilation during their formation. Instead, the
most plausible contaminant is differentiated products of the primary mag-
mas themselves. Therefore, we suggest that mixing of garnet mantle-
derived primary magmas and their differentiated derivatives (self-mixing,
Couch et al., 2001; Figure DR6) can readily explain the genesis
of the enclaves.

4.3. Petrogenetic and Geodynamic Implications

The question of whether Miocene ultrapotassic lavas in southern Tibet
have been significantly contaminated by Lhasa ancient crust remains con-
troversial. Some studies (e.g., Zhao et al., 2009) argued against crustal
assimilation, mainly based on the fact that the lower trace elemental con-
tents of the continental crust would dilute those of the ultrapotassic lavas.
In this genetic model, the variable geochemical compositions of the ultra-
potassic rocks (including the lavas and mafic enclaves) were considered to
have resulted from the heterogeneity of the mantle source. However,
numerous crustal xenoliths and zircon xenocrysts found in the ultrapotas-
sic lavas may indicate significant crustal assimilation (Liu, Zhao, Zhu, Niu,
Depaolo, et al., 2014a; Liu, Zhao, Zhu, Niu, & Harrison, 2014b; Miller et al.,
1999). This scenario is consistent with the variably high 187Os/188Os values
of the ultrapotassic lavas that were most likely caused by crustal assimila-
tion (Liu et al., 2015). Given that the Konglong mafic enclaves likely origi-
nated from primary ultrapotassic magmas, they can provide key
petrogenetic information concerning the origin and evolution of these
magmas. Compared to the enclaves, for example, the trachyandesites
show more enriched Sr-Nd isotopic compositions (Figure 5), which sup-
port a role for Lhasa crust assimilation during their generation.
Importantly, the majority of the ultrapotassic lavas are localized in the cen-
tral Lhasa block, which indeed has an isotopically enriched ancient base-
ment (Figure 5; Zhu et al., 2011; Zhu et al., 2013).

The ultrapotassic lavas in southern Tibet are characterized by extremely
enriched isotopic compositions, which have widely been ascribed to an
enriched mantle source metasomatized by subducted Tethyan oceanic
sediments (e.g., Gao et al., 2007) or Indian continental crust (Ding et al.,
2003; Guo et al., 2015). In order to identify the agent for mantle metasoma-
tism, the following issues are addressed sequentially: (1) the isotopic nat-
ure of the metasomatized mantle, (2) the mantle’s evolution and
composition prior to metasomatism, and (3) the subducted components
contributing to mantle metasomatism. As noted above, crustal contamina-

tion in the ultrapotassic lavas of southern Tibet has limited our ability to directly characterize their mantle
sources. With the recognition of the mafic enclaves, however, primary magma characteristics can now be
used to define effectively the source and to resolve their geodynamic context.

We have combined our new isotopic results with previously reported data for ~492–64 Ma mafic rocks of the
central Lhasa block to characterize the isotopic evolutionary trend of the local mantle (Figure 5a). The ancient
enriched mantle was gradually replaced by relatively less enriched to slightly depleted mantle from the
Cambrian (492 Ma) to the early Cenozoic (64 Ma). Such evolving characteristics were most likely caused by
long-term (Paleo-Tethyan, Songdo, Bangong-Nujiang, and Neo-Tethyan) oceanic subduction (Zhu et al.,

Figure 5. (a) Sr-Nd isotope diagram. The green line shows the isotopic trend
of the oceanic subduction-related mantle from 492 to 64 Ma. Isotopic com-
positions of 492–64 Ma mantle-derived rocks in central Lhasa are from Zhu
et al. (2010, 2012), Chen et al. (2014), Meng et al. (2014), and Qi et al. (2018).
The red line shows that the primary ultrapotassic magmas with less enriched
isotope compositions are parental to the ultrapotassic lavas and can produce
the ultrapotassic lavas by Lhasa crustal contamination. The Lhasa crustal
Sr-Nd isotopic compositions are from Zhu et al. (2012) and Miller et al. (1999).
The blue line shows that primary ultrapotassic magmas most plausibly
originated from a depleted mantle source that was metasomatized by the
subducted Indian continental crust. The Indian continental crustal isotopic
components are based on those of the Himalayan metapelites, gneisses, and
Miocene leucogranites (Zeng et al., 2011). (b) Simple mixing modeling shows
that the mantle source of primary ultrapotassic magmas can be a hybrid
mantle consisting of the depleted mantle and 1–2% melts derived from the
Indian continental crust. The selected end-members are discussed in the
text, and their isotope compositions (crustal melt: Sr = 141.28 ppm,
87Sr/86Sri = 0.742355; Nd = 45.45 ppm, 143Nd/144Nd(i) = 0.511725; depleted
mantle: Sr = 7.664 ppm; 87Sr/86Sri = 0.702626; Nd = 0.581 ppm;
143Nd/144Nd(i) = 0.513106) are from Guo et al. (2013).
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2013), which would have introduced isotopically depleted components (e.g., basaltic oceanic crust-derived
melts or fluids) into the mantle. The slightly depleted mantle that was present at 64 Ma was transformed
into an enriched mantle by 21 Ma, as indicated by the Konglong enclaves. We suggest that such a shift
may be induced by Indian continental subduction, based on the following evidence: (1) The mantle
evolutionary trend shows that long-term oceanic subduction beneath central Lhasa introduced
significantly depleted rather than enriched components into the mantle; (2) the Neo-Tethyan oceanic slab
had likely been detached from the orogenic system and moved into the deep mantle by 45 Ma (Chung
et al., 2005), and the Indian continent has begun to subduct beneath southern Tibet at 35 Ma (Ma et al.,
2017); and (3) the Indian continental crust has extremely enriched Sr-Nd-O isotopic components
(Figure 5a). A simple Sr-Nd isotope mixing modeling is used to illustrate the effect of mantle
metasomatism by the Indian continental crust (Figure 5b). A melt derived from the biotite gneiss within
the Greater Himalayan Sequence was taken as the enriched end-member, and its isotopic compositions
(Sr = 141.28 ppm, 87Sr/86Sr(i) = 0.742355; Nd = 45.45 ppm, 143Nd/144Nd(i) = 0.511725) are from Guo et al.
(2013). The other end-member can likely be represented by the depleted MORB mantle (DMM; Guo et al.,
2013). The following factors were likely important in establishing how mixing proceeded: (1) The mantle
affected by the oceanic subduction tended to be a hydrous and softened mantle and therefore was
susceptible to shortening and thickening by the northward impingement of the Indian continent between
45 and 35 Ma (Chung et al., 2005); (2) subsequent delamination of this thickened mantle would create
space and promote the initial subduction of the Indian continent at 35 Ma; (3) as a result of the
delamination, the subducted Indian continental plate was likely to metasomatize newly introduced DMM.
Mixing model results show that the enriched mantle source of the Konglong enclaves can be a hybrid
mantle consisting of the DMM and 1–2% melts derived from the Indian continental crust. Notably, the
Konglong enclaves have high zircon δ18O values of 8.1–8.9‰ within the range of those of the Greater
Himalayan Sequence and its leucogranites (6.9–12.5‰; Hopkinson et al., 2017), further arguing for a
mantle source metasomatized by the Indian continental crust.

Collectively, this new evidence implies that the Indian continent had subducted beneath the central Lhasa
block no later than the early Miocene. If the present northernmost position of the Indian continent beneath
southern Tibet determined by Nabělek et al. (2009) is accurate, then our evidence suggests that the Indian
continent has reached this position no later than the early Miocene.
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