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Evidence from Paleosols for low to moderate elevation of the India-Asia suture zone
during mid-Cenozoic time
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A recent study by Leary et al. (2017) applied stable isotope and major
element analyses of paleosols from the Liuqu Conglomerate (China) to
reconstruct paleoclimate and paleoelevation of the India-Asia suture zone
(Fig. 1). Their results indicate the Liuqu area was wet, well-vegetated,
and at a low to moderate elevation when the Liuqu Conglomerate was
deposited. Although the authors acknowledged that the age estimates of
the Liuqu vary, they assigned an early Miocene depositional age. In order
to reconcile the contradiction of an early Eocene uplift due to crustal
shortening with a low-to-moderate elevation in the early Miocene, Leary
et al. argued that rollback/shearing of the subducted Indian slab extended
to the upper crust and prevented significant surface uplift until at least ca.
20 Ma.
Figure 1. A: Tectonic map of the
Yarlung-Zangpo regions (China) between Lhaze and Xigatze,
showing the Liuqu and Kailas
Conglomerates. Ages of the
Qiuwu, Dazuqu, and Liuqu
Formations are determined by
zircon U-Pb dating (Leary et al.,
2016; Ding et al., 2017 and
references therein). B: Lowelevation, tropical rainforest
paleoenvironment of the Himalayan regions during the early
Eocene reconstructed from
Liuqu plant fossils and soil
carbonates. The Liuqu basin, at
an altitude of ~1 km, was located to the south of the volcanically active Gangdese Mountains, which rose to an altitude
of ~4.5 km (Ding et al., 2017).

The Liuqu depositional age is critical for understanding the paleoelevation history and geodynamic mechanism of the Himalayan orogen.
Leary et al. cited their previous biotite 40Ar/40Ar data from crosscutting
dikes, detrital zircon U-Pb and zircon fission-track (ZFT) analyses, and
13C values of soil carbonates (Leary et al., 2016) to obtain their age
estimate of ca. 20 Ma. However, none of these approaches directly define
the age of the Liuqu Conglomerate deposition for the following reasons:
(1) Only one or two zircon grains from different samples analyzed for
detrital U-Pb and ZFT gave ages younger than 20 Ma. Such low grain
counts cannot provide a definitive maximum age determination.
(2) The age of the lamprophyre dikes crosscutting the Liuqu Conglomerate only indicate that the latter was older than 20 Ma because this is
the 39Ar/40Ar age of biotite in the dikes.
(3) The depleted 13C values of paleosols match global average values
both at ca. 56–50 Ma and younger than 20 Ma (Ekart et al., 1999).
Because of these two matches, 13C values cannot independently
constrain the Liuqu age to be only 20 Ma.
Plant megafossil leaves and tuffites in the Liuqu Conglomerate let us
more accurately constrain the Liuqu ages (Ding et al., 2017) (Fig. 1A).
Plant megafossils in the upper Liuqu successions (36 species) include

palms and indicate a diverse tropical-subtropical vegetation, which is
distinctly different from the nearby early Miocene (ca. 22–20 Ma)
Qiabulin flora, which has a temperate, not tropical, aspect, and paleoenthalpy values derived from fossil leaves indicate a paleoelevation of
~2.3 km (Ding et al., 2017) (Fig. 1A). The Liuqu flora is undoubtedly
indicative of low elevations, and on taxonomic grounds has been
assigned to the middle Eocene (Fang et al., 2006). In addition, EMPA
analysis confirms a tuffite bed in the lower part of the Liuqu Conglomerate mainly contains volcanic glass with an SiO2 content generally over
85%. A U-Pb concordia age of 59.3 ± 1.6 Ma was determined from nine
zircons giving ages of 56.4 Ma to 61.4 Ma (Ding et al., 2017). This age
range reproduces previous detrital zircon ages of 53–58 Ma (n = 7)
(Leary et al., 2016; Ding et al., 2017 and references therein) (Fig. 1A).
Together with the megafossil age estimations, we therefore determine the
depositional age of the Liuqu Conglomerate to have been between ca. 56
Ma and 50 Ma, which is also compatible with the first negative excursion
of the global carbon isotopic composition in the Cenozoic (Ekart et al.,
1999).
The age information presented here strongly challenges the geodynamic interpretations of Leary et al. (2017). Well-vegetated, wet, and lowelevation (~1 km) land surfaces in the Himalayan orogen abutted preexisting Gangdese Mountains to the north in the early Eocene, as
evidenced by both the megafossils and soil geochemistry data (Ding et
al., 2017; Leary et al., 2017) (Fig. 1B). Furthermore, the interpretation of
the Eocene low-to-moderate elevation in the Liuqu basin does not require
a decrease in elevation in the Miocene, but directly results from
Eohimalayan crustal shortening (Yin, 2006); while the early Miocene
rapid uplift from 2.3 km to >5.0 km likely arose from both the crustal
thickening and deep lithospheric processes associated with the subducted
Indian slab (DeCelles et al., 2016).
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