Are carbonates from the India-Asia collision remagnetized ?
Pierrick Roperch1 and Guillaume Dupont-Nivet1,2
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2Potsdam University

• There are many clear evidences of remagnetizations in the region, especially
when this remagnetization is carried by Pyrrhotite.

• In the presentation we review the evidences for remagnetization in the
Tethyan Himalaya.

• We however challenge the interpretation that secondary magnetite are derived
from alteration of pyrite.

• Results from a carbonate sequence from the Qiantang indicate that the
alteration of pyrite mainly produces iron hydroxides.
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Paleomagnetism and microtextures reveal Neohimalayan deformation
pattern in the northwestern Tethys Himalaya
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The India-Asia collision produced the Himalayan orogenic belt. The kinematics of crustal blocks within the
orogenic belt can shed insights into the tectonic processes related with the continental collision. We report a
combined study of paleomagnetism and microtextures from the Zhongba microterrane, northwestern Tethys
Himalaya. The Zhongba microterrane is located in the southwestern part of Tibet. A total of 71 samples collected
from Permian formations yield a distinct remanent component carried by pyrrhotite, which failed fold tests.
Compared with the apparent polar wander path of India, it is suggested that this overprint component is acquired recently (10–0 Ma), and a ~16° clockwise rotation is also indicated. Microtextures from several localities
show E-W directed shear. Together with reported GPS observations and clockwise rotations, a bookshelf-style
deformation pattern associated with strike-slip faulting is proposed for the Neohimalayan tectonics in the Tethys
Himalaya. Bookshelf-style rotation of small blocks coordinated by strike-slip faults is not only a practical model
to absorb the crustal shortening caused by the convergence of the Indian-Eurasian plate, but also an important
way for the escape of the Tibetan Plateau to the southeast.
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driving force for the formation and uplift of the Tibetan Plateau (Ding
et al., 2005, 2014; Royden et al., 2008; Wang et al., 2012, 2014,
Fig. 1a). The plate collision and the ongoing north-south convergence
have led to a large-scale crustal shortening in Greater India (Ali and
Aitchison, 2005). The mechanism and timing for establishing such a
spectacular geological formation are still hotly debated, and thus require further investigations.
Paleomagnetism is one of the best ways to quantitatively study the
kinematic history of crustal blocks. Previous works along the
Himalayan belt from Kashmir in the west to Qonggyai in the east have
shown an extensive remagnetization component carried by secondary
pyrrhotite, and clockwise rotations after the acquisition of the overprint

rotation from 0° to 32° in the Nagarze, Qonggyai, Everest and Bhutan
regions (Antolín et al., 2010, 2012; El Bay et al., 2011; Appel et al.,
2012; Crouzet et al., 2012). A clockwise rotation pattern relative to the
stable Eurasia is also shown by the GPS velocity field around the Tibetan Plateau; it changes from NNE direction in the western Plateau to
NE in central, east in northeastern, and SE, south and SW directions in
southeastern Plateau (Gan et al., 2007, Fig. 1c). This may suggest that
clockwise rotation could happen in other areas of the collision zone.
However, there is limited research on the rotation of small and
medium-sized terranes located between Tethys Himalaya and the suture. The study could be used to constrain the dynamic evolution of the
southwestern part of the Tibetan Plateau.
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Abstract

The precollisional paleolatitude of the Tethyan Himalaya is essential to constrain the
India‐Asia collision, the size of Greater India, and the Neotethyan paleogeography. However, reliable Late
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Figure 1. Sketches of geology and sampling location for this study. (a) Tectonic sketch map of the Himalayan belt
and adjacent areas with sampling locations of paleomagnetic studies modiﬁed from Yang, Ma, Bian, et al. (2015)
(sampling location abbreviations see Table 2). Abbreviations: JSZ, Jinsha suture zone; BNSZ, Bangong–Nujiang
suture zone; IYSZ, Indus–Yarlung suture zone; MFT, Main Frontal thrust; MBT, Main Boundary thrust; MCT,
Main Central thrust; STDS, South Tibet detachment system. (b) Simpliﬁed geological map of the paleomagnetic sampling
area.

Paleolatitude 13.7±2.5°N at ~61Ma

van Hinsbergen et al., 2012; Lippert et al., 2014; Ma et al., 2014, 2016, 2017; Yang, Ma, Bian, et al., 2015;
Yang, Ma, Zhang, et al., 2015). Furthermore, this method has also been widely used to constrain the size

6.3±4.3°S at 60-58Ma
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FIG. 1. Geological map of the sampling area. The black star indicates the location of the sampling section. Figure 1B
shows the tectonic framework of the Tibetan Plateau and India.

Remagnetization in Paleocene carbonates
FIG. 5. Equal-area stereographic projections of site-mean directions of middle-temperature components in (A) geographic and (B) stratigraphic coordinates, respectively. C. Changes of precision parameter during the unfolding process.
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a b s t r a c t
Knowing the original size of Greater India is a fundamental parameter to quantify the amount of
continental lithosphere that was subducted to help form the Tibetan Plateau and to constrain the tectonic
evolution of the India-Asia collision. Here, we report paleomagnetic data from Upper Cretaceous rocks of
the western Tethyan Himalaya that are consistent with a model that Greater India extended ∼2700 km
farther north from its present northern margin at the longitude of 79.6◦ E before collision with Asia. Our
result further suggests that the Indian plate, together with Greater India, acted as a single entity since at
least the Early Cretaceous. The pre-collision geometry of Greater India’s leading margin helped shape the
India-Asia plate boundary. The proposed configuration produced right lateral shear east of the indenter,
thereby accounting for the clockwise vertical axis block rotations observed there.
 2020 Elsevier B.V. All rights reserved.

1. Introduction

strike of the Tethyan Himalaya (Fig. 1) proposed that Greater India extended at least 2675±720 and 1950±970 km farther north
from the present northern margin of India (Meng et al., 2019). If
The Indian subcontinent formed part of Gondwanaland before
Greater India acted a single plate since at least the Early Cretarifting away in the Cretaceous (Veevers et al., 1975). Paleogeoceous, crustal material riding along with Greater India should track
graphic reconstructions suggest that India’s northern margin exthe plate’s motion during its northward journey after rifting from
tended farther off the Western Australian margin in the past (PowGondwanaland since ∼130 Ma. However, magnetic remanence in
ell et al., 1988), but has since been subducted under Asia. This lost
Upper Cretaceous to Paleogene rocks from the Tethyan Himalaya
landmass is called Greater India. The size of Greater India bears
may be secondary (overprinted) (Appel et al., 2012) or of questionon some questions at the forefront of continental geodynamics.
able primary origin (Huang et al., 2017a; Patzelt et al., 1996; Yi et
J.
Meng
et
al.
/
Earth
and
Planetary
Science
Letters
(2020)
9
To what extent can continental crust be subducted? How much of
al.,542
2011,
2017).116330
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were shortened ∼45-105 km, mainly before 44 Ma (Aik-
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Fig. 2. Stratigraphy, field photos and magnetostratigraphy of the Zongshan Formation in Zhada, Tibet. (A) Biostratigraphy indicating foraminifera zo
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(2010).
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Maastrichtian (with magnetostratigraphic correlation) and Albian limestones are indicated by blue and red stars, respectiv
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Fig. 7. Paleomagnetic data from Maastrichtian limestones from the Zongshan Formation at Zhada. (A-B) Vector-component diagrams, no
temperature, and equal-area stereonet plots (in-situ coordinates) for representative samples. (C-D) Equal-area stereonet plots of the high-te
directions.
The mean
directions
are shown
by blue stars with pink 95% confidence ellipses. Solid (open) circles are projections in the hor
ata from Albian limestones from the Zongshan Formation at Zhada. (A-B) Vector-component diagrams,
normalized
magnetic
moment
vs. temperature,
vector-component diagrams.
Open(HTC)
(solid)directions
circles indicate
et plots (in-situ coordinates) for representative samples. (C-D) Equal-area stereonet plots of the high-temperature
magnetization
and upper (lower) hemisphere in the stereonet plots. (E) The non-parametric fold test (T
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Remagnetization of the Paleogene Tibetan Himalayan
carbonate rocks in the Gamba area: Implications
for reconstructing the lower plate
in the India-Asia collision
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Abstract The characteristic remanent magnetization (ChRM) isolated from Paleogene carbonate rocks of
the Zongpu Formation in Gamba (28.3°N, 88.5°E) of southern Tibet has previously been interpreted to be
primary. These data are pertinent for estimating the width of Greater India and dating the initiation of
India-Asia collision. We have reanalyzed the published ChRM directions and completed thorough rock
magnetic tests and petrographic observations on specimens collected throughout the previously
investigated sections. Negative nonparametric fold tests demonstrate that the ChRM has a synfolding or
postfolding origin. Rock magnetic analyses reveal that the dominant magnetic carrier is magnetite.
“Wasp-waisted” hysteresis loops, suppressed Verwey transitions, high frequency-dependent in-phase
magnetic susceptibility, and evidence that >70% of the ferrimagnetic material is superparamagnetic at room
temperature are consistent with the rock-magnetic ﬁngerprint of remagnetized carbonate rocks. Scanning
electron microscopy observations and energy-dispersive X-ray spectrometry analysis conﬁrm that magnetite
grains are authigenic. In summary, the carbonate rocks of the Zongpu Formation in Gamba have been
chemically remagnetized. Thus, the early Paleogene latitude of the Tibetan Himalaya and size of Greater India
have yet to be determined and the initiation of collision cannot yet be precisely dated by paleomagnetism. If
collision began at 59 ± 1 Ma at ~19°N, as suggested by sedimentary records and paleomagnetic data from
the Lhasa terrane, then a huge Greater India, as large as ~3500–3800 km, is required in the early Paleogene.
This size, in sharp contrast to the few hundred kilometers estimated for the Early Cretaceous, implies an ever
greater need for extension within Greater India during the Cretaceous.

1. Introduction
Quantitative paleogeographic reconstruction of the India-Asia collision zone relies on high-quality paleomagnetic poles for both Asia- and India-derived rocks. Uncertainties in the timing, kinematics, and magnitude of
crustal deformation in the Himalayas and Asia limit our ability to quantify the paleolatitude history of the
southern margin of Asia (Lhasa terrane) and the northern margin of India (Tibetan Himalaya) from a global
apparent polar wander path (GAPWaP) [Torsvik et al., 2012] alone. Paleomagnetic data from Lhasa and the
Himalaya are therefore required to better quantify the precollisional paleogeography. Paleomagnetic data
from Lower Cretaceous strata of the Tibetan Himalaya show insigniﬁcant paleolatitudinal separation between
the Tibetan Himalaya and the modern northern limit of the undeformed Indian continent (i.e., at the Main
Frontal Thrust of the Himalaya) and thus indicate a small size of “Greater” India [Klootwijk and Bingham,
1980; Huang et al., 2015c; Yang et al., 2015; Ma et al., 2016]. Paleomagnetic data from uppermost
Cretaceous and Paleogene strata, however, show a paleolatitudinal separation of Tibetan Himalaya from
India of some 2675 ± 700 km (N-S) or a very large Greater India [Patzelt et al., 1996; Dupont-Nivet et al.,

Fold tests are often ambiguous with most of the samples on the
same fold limb.
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Abstract The latitudinal motion of the Tibetan Himalaya—the northernmost continental unit of the Indian

Same interpretation
than
inpaleogeographic
the previous
plate—is a key component
in testing
reconstructions paper
of the Indian plate before the
India-Asia collision. Paleomagnetic studies of sedimentary rocks (mostly carbonate rocks) from the Tibetan
Same problems
with
SEM/EDS
data
Himalaya are
complicated
by potentially pervasive
yet cryptic remagnetization. Although traditional
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paleomagnetic ﬁeld tests reveal some of this remagnetization, secondary remanence acquired prior to
folding or tilting easily escapes detection. Here we describe comprehensive rock magnetic and petrographic
investigations of Jurassic to Paleocene carbonate and volcaniclastic rocks from Tibetan Himalayan strata
(Tingri and Gamba areas). These units have been the focus of several key paleomagnetic studies for Greater
Indian paleogeography. Our results reveal that while the dominant magnetic carrier in both carbonate and
volcaniclastic rocks is magnetite, their magnetic and petrographic characteristics are distinctly different.
Carbonate rocks have “wasp-waisted” hysteresis loops, suppressed Verwey transitions, extremely ﬁne grain

Zongshan Maastrichtian -Danian

Tingri (Zongpu Fm)- Gamba (Jiubao Fm)

Figure 10. SEM backscattered electron images for representative carbonate specimens of the upper Cretaceous to
Paleogene strata in the Tingri area and the Jiubao Formation in the Gamba area. Symbols are the same as those in
Figures 4i–4t. Results of EDS analysis are shown in Figure S1 and Table S4. SEM backscattered electron images for carbonate
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a b s t r a c t
Carbonate rocks, widely used for paleomagnetically quantifying the drift history of the Gondwanaderived continental blocks of the Tibetan Plateau and evolution of the Paleo/Meso/Neo-Tethys Oceans,
are prone to pervasive remagnetization. Identifying remagnetization is difficult because it is commonly
undetectable through the classic paleomagnetic field tests. Here we apply comprehensive paleomagnetic,
rock magnetic, and petrographic studies to upper Triassic limestones in the eastern Qiangtang block.
Our results reveal that detrital/biogenic magnetite, which may carry the primary natural remanent
magnetization (NRM), is rarely preserved in these rocks. In contrast, authigenic magnetite and hematite
pseudomorphs after pyrite, and monoclinic pyrrhotite record three episodes of remagnetization. The
earliest remagnetization was induced by oxidation of early diagenetic pyrite to magnetite, probably
related to the collision between the northeastern Tibetan Plateau and the Qiangtang block after closure
of the Paleo-Tethys Ocean in the Late Triassic. The second remagnetization, residing in hematite and
minor goethite, which is the further subsurface oxidation product of pyrite/magnetite, is possibly
related to the development of the localized Cenozoic basins soon after India-Asia collision in the
Paleocene. The youngest remagnetization is a combination of thermoviscous and chemical remanent
magnetization carried by authigenic magnetite and pyrrhotite, respectively. Our analyses suggest that
a high supply of organic carbon during carbonate deposition, prevailing sulfate reducing conditions
during early diagenesis, and widespread orogenic fluid migration related to crustal shortening during
later diagenesis, have altered the primary remanence of the shallow-water Tethyan carbonate rocks
of the Tibetan Plateau. We emphasize that all paleomagnetic results from these rocks must be
carefully examined for remagnetization before being used for paleogeographic reconstructions. Future
paleomagnetic investigations of the carbonate rocks in orogenic belts should be accompanied by thorough
rock magnetic and petrographic studies to determine the origin of the NRM.
 2019 Elsevier B.V. All rights reserved.

Same story on Triassic carbonates from the eastern Qiangtang.
Huang et al. use SEM/EDS data to interpret the paleomagnetic data.
Thermal demagnetizations just show the removal of a recent-field

1. Introduction
The Tibetan Plateau is made of a series of continental blocks
that rifted away from Gondwana in the south and subsequently

zoic to Cenozoic times (Yin and Harrison, 2000). The process was
accompanied by opening and closing of the Pale-, Meso-, and NeoTethys oceans, resulting in the formation and subsequent deformation of abundant marine carbonate rocks preserved today in the
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Huang et al made the same interpretation
Of pyrite to magnetite alteration

But this is not magnetite

Pyrite

k) from Huang et al.
Left: observation on SEM (this study)
Above: optical observation in
reflected light (this study)
The dark blue-grey colour
corresponds to pyrite weathering
products

Comparison of images in
reflected light microscope
and SEM images
The dark blue grey is just
limonite and various iron
hydroxides
EDS data will give Fe and
O but it is not magnetite

Huang et al's
interpretation of SEM
data is questionned by
our observations

Conclusions:
We found no evidence for oxidation of early diagenetic pyrite to
magnetite in Triassic carbonates from the Qiangtang. Interpretation of
SEM data should not be done without microscope observation in
reflected light.
But that does not rule out the presence of a secondary magnetization in
the Tethyan Himalaya carbonates.
Is the remagnetization event in the early Miocene associated with
pyrrhotite widespread and aﬀecting the carbonates with magnetite ?
Is there still any hope to determine the size of Greater India from Pmag
data ?
Recommendation: All the raw demagnetization data should be
published in the MAGIC database for a reassessment of all the data

