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Abstract The recent publication by Sternai et al. (2025, https://doi.org/10.1029/2025tc009057) presents
numerical modeling results interpreted as—contrary to most publications over the past 100 years—it is Asian
mantle imbricated between a thin Asian crust (above) and partially molten Indian crust (below) that
characterizes the thickened structure of the Tibetan Plateau. We have serious concerns with both the structure
and the geological time of the “Sternai” models. Most critically, Sternai et al. do not consider a wealth of high-
resolution and high-quality geophysical (especially receiver-function and gravity) and geological data, which
consistently characterize the lithosphere in the area as clearly showing Indian lower crust and mantle
underthrusting the southern half of a thickened Tibetan crust. In this Comment, we detail our concerns and
suggest that Sternai et al. carefully reconsider their models' input and output for a better understanding of the
Himalaya-Tibet orogenic history.

1. Introduction

Sternai et al. (2025) performed 147 numerical thermodynamical model simulations of the Himalaya-Tibet orogen
evolution, which “systematically produced crustal doubling with interlayered mantle” on the Asian side, based on
—and compared with—selected geological and geophysical data. The authors emphasize that (i) their “models
focus on the Paleogene evolution of the India-Asia collision,” and (ii) their “main focus concerns the vertical
Juxtaposition of the Asian and Indian crusts by subduction, while other mechanisms of crustal thickening, for
example, by upper plate crustal shortening, are beyond the primary purposes of their modeling.”

We are most surprised by point (i) above, for the following reasons:

» If the model focus is on the Paleogene (6623 Ma) evolution of the collision zone, then it is counterproductive
to compare model results with geophysical images that reflect the current structure and properties of the
orogen (see Section 2 below).

¢ On the contrary, if the actualistic geological and geophysical data are important inputs of the models as well as
constraints on their results, then we find Sternai et al.'s data selection is highly incomplete and self-serving, as
much better data sets with robust, consistent structure and features draw a drastically different picture of the
orogen (see Section 3).

As we trust Sternai and co-authors' modeling expertise, we urge them to reconsider their modeling effort in light
of a number of further thoughts summarized in Section 4. As developing new models may take time, we decided
to write this formal Comment to draw the community's attention to the numerous problems with the models and
interpretations by Sternai et al. (2025) and to not use them for the reasons detailed below. We emphasize that we
do not contest the physics in the models but vividly contest the model setup and both the initial and boundary
conditions, as well as the evaluation of the model results.

2. Paleogene Evolution—Maodel Time Does Not Correspond to Modern Observations

We agree with Sternai et al. that the collision of the India plate with the southern margin of Eurasia happened
during the Paleogene (from ca. 66 to 23 Ma), and that the main process was subduction. If this time period is the
main focus of their recent models, results should not be compared with geophysical images, as these images
capture the current structure and physical properties of the lithosphere. Therefore, such comparisons neglect more
than 20 Myr of Neogene evolution. Geophysical images and subsequent models of the orogen—presented below
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Figure 1. Schematic sketch of the collision of India (left, red) with the proto-Tibetan Plateau (right, blue) in three phases: subduction, followed by delamination/break-
off, leading to the currently imaged structures showing underthrusting. Ages are approximate and are discussed in the main text. Abbreviations: MHT—Main
Himalayan Thrust; ILC—Indian Lower Crust; YTS—Yarlung Tsangpo Suture.

in Section 3—robustly and consistently show that, along the central longitudes of Tibet, the prevailing process
since at least 10 Myr is underthrusting of the Plateau from the south. This also implies that some time during the
early Miocene a slab break-off or delamination event has happened (Figure 1). Modeling that process as a phase
following subduction would be most useful, including the necking and detachment of a downgoing piece of
(mantle) lithosphere, the position of which could be compared with seismic tomographic anomalies deeper in the
mantle (Van der Voo et al., 1999, and subsequent works). In parallel, investigating what the fate of a possible
Asian mantle imbrication is during the Neogene would be of interest: will the partially molten continental crust
extrude southwards? Will it cause the foundering of the Plateau?

An important aspect of Paleogene models would be to consider the longer history of the Eurasian side of the
collision, too. The Tibetan Plateau is the result of a series of four accreted terrains, each defining a tectonic block
and a corresponding suture, from the lower Paleozoic to the late Jurassic (Tapponnier et al., 2001). As a result, the
proto-plateau was already at an average altitude of ca. 2,000 m (Hu et al., 2020), reaching up to ca. 3,000 m in the
Gangdese Mountains (Ding et al., 2022) prior to the collision with India, and therefore it already had a thickened
crust. The modeling should therefore step away from a relatively thin, rather rigid crust and mantle lithosphere, as
in the model setup of Sternai et al., and allow “other mechanisms of crustal thickening, for example, upper plate
crustal shortening” (see point (ii) above) to happen. While the authors state this process is “beyond the primary
purpose of their modeling,” the evolution of the Himalaya-Tibet orogen cannot be realistically simulated without
allowing for such thickening to happen.

3. Comparison With Field Data—Structures Matter

Given the title of Sternai et al.'s paper and the close comparison of their model results with seismological and
geological data, we believe that such structural elements, physical properties (esp. seismic velocities), and
geological information were important inputs and constraints to their work. However, their choice of data was
highly selective, partial (i.e., showing only a part of a profile) and incomplete (other types of data sets were not
taken into account, e.g., gravity data). The choice of any author to consider only a few, suitably selected data
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Figure 2. Composite receiver-function (direct and multiple conversions) image migrated to depth using a regional velocity model, and the corresponding lithospheric
model of the Himalaya-Tibet collision along ca. 85°E. While the upper crust of the India plate feeds the orogenic prism, the lower crust and the mantle underthrust
southern Tibet (Lhasa block) along the megathrust (Main Himalayan Thrust, MHT) and its continuation. Figures taken from Hetényi (2007); we refer to that work for
full details. Abbreviations: MFT—Main Frontal Thrust; MCT—Main Central Thrust; YTS—Yarlung Tsangpo Suture; BNS—Banggong-Nujiang Suture.

points is not a validation of the model results. Before critically reviewing these elements, we first present the
seismological image and joint models built upon that support the current view of crustal thickening in the
Himalaya-Tibet region.

3.1. Underthrusting: Image and Consistent, Joint Modeling Results

The Hi-CLIMB seismological experiment's images provide the highest resolution and highest quality images
across Himalaya-Tibet orogen. This is thanks to the experiment's densely spaced stations, long deployment time,
and state-of-the-art processing using several converted waves (receiver-functions) (see e.g., Hetényi, 2007;
J. Nabeélek et al., 2009; Wittlinger et al., 2009). The images clearly reveal flexure of the Indian plate beneath the
Himalaya, followed by sub-horizontal underthrusting beneath southern Tibet with a characteristic seismic
“doublet”: two, sub-horizontal interfaces at ca. 15 km depth difference (Figure 2). A large number of other
publications imaged both the sub-Himalayan downgoing part (e.g., Acton et al., 2011; Caldwell et al., 2013;
Hauck et al., 1998; Rai et al., 2006; Schulte-Pelkum et al., 2005; Singer et al., 2017; Subedi et al., 2018) and the
underthrusting part (e.g., Kind et al., 2002; Shi et al., 2015; Wittlinger, Farra, & Vergne, 2004; Wittlinger,
Vergne, et al., 2004; Xu et al., 2015) at various longitudes of the orogen, thus providing strong evidence for this
structural setup.

The imaged structures were the solid foundation to build two numerical models of the lithosphere that jointly fit
several parameters. A thermodynamic model simulated the flexure of the India plate under the load of the Tibetan
Plateau, in which the evolution of the rheological structure of the lithosphere shows decoupling of its main layers,
and highlights that the primary support of the high topography is by the strong Indian mantle lithosphere (Cattin
et al., 2001; Hetényi et al., 2006). A thermo-kinematic model, coupled with petrological and density modeling
showed that the Indian lower crust is turning into eclogite beneath southern Tibet (Hetényi et al., 2007),
explaining the seismic “doublet” seen by receiver-functions (Hetényi, 2007; J. Nab¢lek et al., 2009). Gravity
anomalies acquired in the field constrained density distribution and allowed construction of joint models
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including multiple physical properties to congruently show that the Indian lower crust underthrusts the southern
Tibetan Plateau for >200 km distance north of the Yarlung Tsangpo Suture (YTS), the geological northern
boundary of Indian rocks at the surface (Figure 2).

The geometry and convergence rate of this model also constrain the timing of the underthrusting. Considering
17 mm/yr underthrusting and 4 mm/yr overthrusting velocity across the Himalaya (Bollinger et al., 2006),—as the
rest of the India-Eurasia convergence is accommodated further North,—the time to underthrust ca. 200 km
distance north of the YTS (Figure 2) is 9.5-12 Myr. If the delamination/slab-breakoff occurred farther south than
the YTS, the duration of underthrusting is longer, up to even 20 Myr. The transition from Paleogene subduction to
break-off and to Neogene underthrusting (Figure 1) is therefore an interesting yet challenging target for numerical
modeling.

Although the high-resolution image of underthrusting is in 2D, many other profiles with somewhat lower res-
olution also reveal the “doublet” (see references cited above) to be present laterally under the southern 450 km of
the Himalaya-Tibet orogen with respect to the collision front (Hetényi, 2007; J. Nébélek et al., 2009). The lateral
continuity of the Indian underthrusting is a question, as for example, J. Li and Song (2018) propose tearing, which
could allow local upwelling from below, possibly influencing the formation of extensional rifts in southern Tibet
(Armijo et al., 1986).

It is to this summary understanding of the Himalaya-Tibet orogen that we compare the models produced—and the
data selected—by Sternai et al. (2025).

3.2. Critiques of Sternai et al. (2025) Data Selection and Models
3.2.1. Structural Seismology, Seismic Velocities, and Seismicity
3.2.1.1. Misinterpretation of the Composite Receiver-Function Image

Although Sternai et al. (2025) chose our migrated receiver-function image as a base for their study, their selection
is partial (their Figure 1c does not show the full profile) and the interpretation drawn on the profile is erroneous
(see below). As the selected seismological picture is a composite image of direct and multiple wave conversions,
not every “blue” (negative) line corresponds to a velocity decrease with depth. We refer to Hetényi (2007) and
J. Nabeélek et al. (2009) for technical details of non-linear stacking of the various converted wave phases.

3.2.1.2. Incorrect Identification of Eclogitic Crust

On the same image, Sternai et al.’s line drawing of “Indian eclogitic crust” continues the top of this layer
southwards in what is actually the Moho (see our Figure 2). We emphasize that until about 200 km horizontal
distance the main “red” (positive) interface is the Moho, and the seismic “doublet” further north appears because
of eclogitization of the lower crust: the top interface is the crust-to-eclogite, and the bottom is the eclogite-to-
mantle boundary. The modeled P-wave velocity of the eclogite layer is 7.5 km/s according to the coupled
thermokinematic-petrological model mentioned above (see Hetényi, 2007; Hetényi et al., 2007). Thus, the
receiver-function image clearly shows underthrusting, at depths between ~58 and ~73 km below sea-level
beneath the Lhasa block, as detailed in Section 3.1.

3.2.1.3. Absence of an Imaged Shallow Asian Moho

The main feature of Sternai et al.'s model is the imbricated mantle on the Asian side of the collision. Three of the
four models they present with figures feature an Asian Moho interface at 25 km depth below sea-level, and one
model at ~55 km depth (see their figures 4-5-6-7, redrawn on our interpreted profile as Figure 3 of this paper). The
Hi-CLIMB receiver-function images show no converted phase that could be associated with such a shallow Moho
(see J. Nabelek et al., 2009, several images in Hetényi, 2007, and several local velocity-models in Hetényi
et al., 2011). Therefore, the mantle imbrication obtained in Sternai et al.'s models is invalidated by current
geophysical data. The reasons why a “shallow Moho” appears in the numerical models remain to be elucidated.

3.2.1.4. Mismatch of Selected Real Receiver-Functions and Synthetic Waveforms

Sternai et al. show a single synthetic receiver-function waveform in their figure 9c, and compare it to real-data
receiver-functions at a single station, YS78 (from fig. 2c of Shi et al., 2020, not Shi et al., 2015, as cited by
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Sternai et al.), out of 178 stations discussed in the cited paper. First, the seismic doublet appears at depths cor-
responding to eclogitized lower crust, while Sternai et al.'s synthetic receiver-function shows only a single peak
and no doublet. Most importantly, the entire point of Shi et al. (2020) is that the receiver-functions map out
systematic and important lateral variability of the near-Moho “doublet.” The single station that Sternai et al. chose
and claimed to be “representative” in not showing the doublet is the unusual case, not the common case. Shi
et al. (2020), in their same Fig. 2c, contrast YS78 with YS91 to the west and LM47 to the east. Neither of these
other two stations remotely matches the Sternai' synthetic. The comparison shown by Sternai et al. is misleading;
for such comparisons, in general, we would recommend fitting a larger set of real data.

3.2.1.5. Real Data Not Supporting Partially Molten Layer

Finally, a partially molten layer below the Asian mantle, as proposed by Sternai et al., would have a very different
receiver-function signature compared to the data observed by Hi-CLIMB. If such a partially molten layer was
present at the position where Sternai et al.’s models show, it would also be detectable by other seismological
approaches at the regional scale. However, to our knowledge, such a feature has not been observed.

3.2.1.6. Crustal Velocity Model Mismatch

Sternai et al. show a single shear-wave velocity profile (from Galvé et al., 2002) to support their model of an
imbricated Asian mantle. The seismological station at which this S-wave velocity profile was observed (station T
in Galvé et al., 2002) is located South of the YTS, and is therefore not representative of the Lhasa block structure
to the North of the YTS. Numerous other analyses exist for regional average 1D velocity models, already from the
same time period (e.g., Haines et al., 2003, for average 1D models of Lhasa and Qiangtang blocks) and also later.
From the Hi-CLIMB experiment, J. Nabélek et al. (2009) report a characteristic Lhasa block P-wave velocity
profile, which we show in Figure 3: velocities throughout the Tibetan upper and middle crust are at ~6 km/s,
without any increase at depths where Sternai et al.'s imbricated mantle lies. P-wave velocity increases in the
underthrusting eclogite layer before reaching the mantle values, as also seen in Wang et al. (2021, their figure 2b).
Such a regular crustal velocity model leaves no room for Asian mantle imbrication.

3.2.1.7. Tomographic Constraints

One of the inputs to Sternai et al.'s models was tomographic images that suggest Indian subduction at the southern
margin of Tibet. We argue that the global tomographic images of C. Li et al. (2008) and Replumaz et al. (2004) are
not sufficiently resolved to constrain regional features properly. When considering a relevant seismic velocity
anomaly to identify a slab, these works do not demonstrate a continuous high-velocity anomaly from surface to
depth at the YTS (e.g., profile III in Replumaz et al., 2004, with a color scale saturated at 0.8% anomaly). While
their works would be very useful to match the longer geological history of subduction (the same as Van der Voo
et al., 1999, see Section 2), we would recommend to use more recent and greatly improved full-waveform to-
mographies of Tibet (Dou et al., 2024; C. Liu et al., 2024; Ma et al., 2025) to set up and/or constrain numerical
models.

3.2.1.8. Seismicity

Sternai et al. argue that the bimodal depth distribution of Tibetan seismicity is readily explained by the rigid,
imbricated mantle that is able to support stresses, and that the “classical model of crustal doubling contradicts the
observation of reduced seismicity from ~30 to 60 km depth.” Numerous studies have scrutinized seismicity in
southern Tibet, concluding that shallow (upper crustal) seismicity is tectonic, the lack of seismicity in the Tibetan
middle crust is due to elevated temperatures, and the deep crustal/mantle lithosphere seismicity is related to both

Figure 3. (a) Comparison of geophysically imaged and modeled structure (base image from Figure 2 in grayscale, Hetényi, 2007) versus numerically modeled layers
(light color overlays from Sternai et al., 2025). The typical Lhasa Block P-wave velocity profile is shown in red (from J. Nébélek et al., 2009). Sternai et al.'s four main
model geometries after 35-37 Ma simulation time are overlain in four light colors, using sea-level as horizontal reference and the position of their model's trench to
match the MFT (Main Frontal Thrust, as the deepest point of the sedimentary basin). Yellow text labels indicate the layers in their reference model. See the main text for
the critiques following this comparison. (b) Individual comparison of the main structures between those geophysically imaged structures, and each of the four models
from Sternai et al. The abbreviation “p. m. cr.” refers to “partially molten continental crust.”

HETENYI AND CATTIN

6o0f 11

85U9017 SUOWILIOD dAIERID 3|qeal|dde au Aq paueA0B ale SaILe YO ‘8sN JO S3|NI 10} Afeiq1T 8UIUO AB]IAA UO (SUONIPUOI-PUE-SWRILI0D A8 1M AReIq U1 IUO//SANL) SUONIPUOD PUe SLLB | 34} 89S *[9202/60/0€] U0 AeiqiTauliuo AB|IM * 1jdiuo A ap a1sieAIuN - unied aydiopoy Aq 126000 16202/620T OT/I0p/L0d Ae|Im ARiq U1 juO'SndnBey/ sty woJj papeojumod ' ‘9z0¢ ‘veT6YYET



V od |
AGU

ADVANCING EARTH
AND SPACE SCIENCES

Tectonics 10.1029/2025TC009214

tectonic stresses and to metamorphic dehydration reactions during eclogitization. For details, we refer to Mon-
salve et al. (2006), Alvizuri and Hetényi (2019), Michailos et al. (2021) and references therein.

3.2.2. Thermal Structure

Another striking difference between Sternai et al.'s and our models is the temperature field. Our model-setup is
based on Bollinger et al. (2006) who, using dense field observations across the Himalayan range in Central Nepal,
have matched three different field observations while constraining the thermal state of the collision zone: inverse
metamorphic gradients, peak temperatures, and exhumation ages. Our subsequent models reach ca. 700°C at
depths characteristic of the Indian lower crust (Hetényi et al., 2007). Compared to this,—and also to most other
models of the collision zone (e.g., Craig et al., 2012, 2020; Herman et al., 2010; P. I. Nabélek & Nabélek, 2014),
—Sternai et al.'s models are much warmer, between 800 and 1000°C for the crust in their reference model and
even higher in their other models. How well their model fits the dense field data from Bollinger et al. (2006) and
subsequent studies is to be tested. In any case, the model temperatures would certainly change with other model
setups and initial conditions. Importantly, the temperature changes will directly impact the rheological behavior
of the lithospheric layers, therefore it is a key point to include among the parameters to fit by modeling.

3.2.3. Geological Data

There is a wealth of geological data from the Tibetan Plateau and the Himalaya, and it is not our goal here to
provide an overview. We simply aim to point out that the data selected by Sternai et al. do not provide unique
validity to their models—those data also fit our models.

In the Lhasa block, potassic volcanism appears to have been active between ~20-16 and ~10-8 Ma (C. Z. Liu
et al., 2011; Turner et al., 1996). This activity fits well with our time evolution model, in which underthrusting
follows delamination/break-off, as the time window (see above and Figure 1) coincides with the transition period
during which there is no obstacle for potassic magmas to rise. As written in C. Z. Liu et al. (2011), a reference also
cited by Sternai et al.: “Indian underthrusting would have gradually shut off heat from the asthenosphere under
the Lhasa terrane and terminated volcanism in southern Tibet.”

Sternai et al. argue that the observation of helium isotope data *He/*He as a proxy for mantle) is challenging to
reconcile with deep (>70 km) mantle sources, and their imbricated model is a more plausible source. However,
considering the tears proposed by J. Li and Song (2018) and described above, we do not see any difficulty in
sourcing helium from such depths to the surface via local upwellings through the tears. Moreover, their statement
that “It also seems unlikely that the plumbing system of geothermal springs can extend to >70 km depth” may be
true, but is certainly irrelevant: neither Klemperer et al. (2022) which they give the appearance of citing for this
statement nor any other helium-worker makes this claim. Rather, the ductile lower crust is thought to be
permeable to helium, which infiltrates the whole lower crust reaches faults in the brittle upper crust that supply
active geothermal springs (e.g., Hilton, 2007). Unless Sternai et al. wish to similarly re-interpret the distribution of
*He/*He in the Andes, by intercalating a layer of mantle lithosphere beneath the volcanic arc and Altiplano in
Earth's other area of over-thickened crust that is leaking mantle-enriched *He in its thermal springs, they may be
advised to re-think their Tibetan model. Sternai et al. have a much bigger problem explaining the observed
3He/*He distribution in Tibet: their model shows “Asian mantle” continuing south of the YTS to reach the STD,
and so predicts “mantle helium” being present south of the YTS to the STD. Klemperer et al. (2022) make it clear
that the “mantle” *He-enriched domain is almost everywhere only north of the YZS. Thus, the claim by Sternai
et al. that “Interlayered mantle lithosphere at around ~50 km depth between underlying Indian and overlying
Asian crust ... would readily explain the regional helium isotope data” does not hold.

Various other geological data sets could and should be used in future models as constraints, such as the position of
the YTS with respect to the collisional front, the structure of the Himalaya itself (Lower and Greater Himalayan
Series), and the position and depth of origin of the granite and gneiss domes in southern Tibet, as examples.
3.2.4. Elevation Data

3.2.4.1. Paleoelevations Largely Differ From Model Elevations

Fitting the paleoelevations of the Tibetan Plateau must consider the uncertainty of the data itself, which is beyond
the scope of this Comment. What is clear though is that Sternai et al. did not use this information to discriminate
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the output of their models, which reproduce neither the paleo- nor the current elevations. In addition to the
aforementioned question regarding the elevation of the proto-Tibetan Plateau, the elevation of —5 km of the
Indian plain poses a problem. The obtained topography is unrealistic, with the relief between the Indian plain and
the peaks of the Himalayas reaching more than 15 km at the end of the simulations (see their figures 5d, 6d, and
7d, and 12 km in their figure 4d). On the Tibet side, the elevation profiles after ca. 35 Ma model time are highly
variable across the four models presented in their paper: about 2 km elevation of the reference model (their fig.
4d), a plateau starting at 4 km elevation for 200 km distance then tapering down to sea-level (their fig. 5d), an
asymmetric plateau tapering from 5 to 0 km elevation in 300 km distance (their fig. 6d), and no plateau and near
sea-level topography (their fig. 7d). In other words, the models do not “raise the roof of the world,” as the title of
their paper claims.

3.2.4.2. Increase in Elevations in the Opposite Direction

Finally, contrary to the results of Sternai et al., “with a progressive south-to-north uplift of Tibet driven by viscous
underplating from the subduction interface toward the distal upper plate,” paleoaltimetry data from the field
suggest an increase in elevations spreading in the opposite direction, north-to-south from southern Qiangtang
toward the Himalaya (Hu et al., 2020). This result is also confirmed by the compilation of Ding et al. (2022),
which shows a rapid increase in elevation 40 and 20 Ma ago in the Lhasa-Qiangtang suture valley and south-
ernmost Tibet, respectively. Once the focus on the model's time is clear, elevation data would be an important
constraint on model results.

4. Toward Future Models of the Himalaya-Tibet Orogen

Despite the critiques expressed above, we hope that future modeling efforts by Sternai et al. and others in the
community will be influenced by our Comment toward more realistic and data-driven models. While the amount
of geological and geophysical data on the Himalaya-Tibet orogen is large, such future modeling efforts should
select high-resolution, high-quality, and representative data sets based on original field data as their base and as
evaluation criteria. For the model setup, this primarily concerns model structure (topography, thicknesses) and
time evolution considerations for the initial conditions. For the assessment of model results, it seems crucial to
attempt fitting multiple observations simultaneously.

The numerical modeling tool used by Sternai et al. is certainly robust and readily considers petrology and
rheology. It should be able to produce outputs that can be compared to further, field-based constraints. Namely,
for future modeling efforts, we suggest including the following:

e Gravity data, as it is an essential approach to distinguish density distributions within the lithosphere in an
easily implementable way (see e.g., Bessat et al., 2020). Given the scale of the Tibetan Plateau's regional
structure, the use of ground measurements is required, satellite data being able to resolve larger scale features
(see Cattin et al., 2021, for the use of GOCE data in the area).

¢ The thermal field, using various field-based data sets and its implications for P-T conditions or ideally P-T-t
evolution. For the Himalaya and Tibet, a wealth of data exists, the challenge is to fit multiple data sets
simultaneously, as in for example, Bollinger et al. (2006).

o (Paleo-)Elevation data with a quantitative fit, including uncertainties (see Section 3.2.4). An essential element
for future models will be adding surface processes, which will clearly impact the evolution of topography,
foreland basin sedimentation and hence lithosphere dynamics.

Beyond multi-parameter or multi-field fits of model outputs, we believe that numerical models should encompass
a broader range of parameter values for search. Without any intention to criticize Table 2 of Sternai et al. in
particular, the range of variability is sometimes larger than initially assumed, partly because a complex 3D system
is simplified into a 2D profile (excluding the use of seismic anisotropy as a constraint), and partly because of the
temporal variability of rates. As an example, the significant portion of the collision that is accommodated by
extrusion of Indochina is best modeled in 3D. Consequently, the shortening taken up by thickening or subduction
in a 2D model is clearly less than in reality.
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5. Conclusions

Our critiques of Sternai et al.”’s models are motivated by the largely insufficient connection to original field data,
primarily high-resolution seismology—the tool of choice for Earth structure imaging,—but also other elements
such as gravity, elevation, and temperature, as well as their ambiguous choice of timing. We are fully convinced
that no robust geophysical image or data set can support Asian mantle imbricated between Asian crust above and
Indian crust below.

Our model among many others (Figure 2), based on high-quality data and models that jointly fit multiple pa-
rameters, clearly shows that the crust of southern Tibet is a thickened Asian crust (between ~5 km elevation and
~58 km depth below sea-level), underthrust by eclogitized Indian lower crust (~15 km thick, i.e., to 73 km depth)
and Indian lithospheric mantle over 200 km distance north of the YTS. The high topography of Tibet and the
Himalaya is mechanically supported by strong Indian mantle lithosphere.

Regarding modeling, we are of the opinion that inappropriately chosen model setup and initial conditions may
have led to the unfortunate outcome of obtaining implausible model results reported by Sternai et al. Most
importantly, future modeling efforts should focus on fitting multiple data sets simultaneously while respecting the
original field data sets, together with covering a broader spectrum of processes—such as erosion and
sedimentation—and parameters.

In summary, the discrepancies documented when comparing our high-quality geophysical and geological data
and the consistent multi-parameter models built upon on one hand, versus the numerical simulation results
presented by Sternai et al. on the other hand, suggest that the latter structures do not reflect a known orogenic
model on Earth, and lead to misleading conclusions for future research. There is robust evidence that the primary
process occurring at the central longitudes of the Himalaya-Tibet orogen is the underthrusting of the Indian lower
crust and mantle lithosphere beneath southern Tibet—to first order, Argand (1924) was correct.
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