
�������������������������	�
���������������������
������������	���������	���������������	��������������������������������	�
��������������������������� �� �� ���������������������������
������������������������	�
������������������� 

�� ������ �� ���� ���	 ���
���� ������ �� ���	 ����� �� �� ������ ���
���� ������ ������ ���������� ��
�� ���� �� ���� ���� �������� ������ ���� �������� ���� ������������ �������� �� ������
���� ������ ���������� �� ���� ������ ���������� �������������� �� �
�� �� ���� �� ���� ����������

���������������������������!�	�����
������	�����"���	�����#������������$��������������������	���������%����������&���' ��#����������

�(�)�*�����������������������������!�+���������,��

�-�*�.�/�.�*�)�0��

��
�$�%�/�(��

� �1

���	�
������������������
�����������
����

����� ���	����	�������	�
������������	����	���������	�������������
��������	�
�����	�
������	�� ������������	����	�����������	�������
�������	�����������������

���	�����������
���/������2����.�������	�
���������3������ �������	�4������

�5����	���6��
��

�0�	�������� ���������7�
���8�����������#

�������9�7�+�:�*�-�/�.�*�)�0�����������������-�*�.�/�.�*�)�0��������

���%�%���9�$�)�;�*�:�%

�-������
���	���������


�-�����
����7�
���8�����������#���	�����"���	���������
������

��� ���9�7�+�:�*�-�/�.�*�)�0�����������!�!���-�*�.�/�.�*�)�0��������

���%�%���9�$�)�;�*�:�%

�%�8����%�
�2�����<��
�


�7�
���8�����������#���	�����-���
�����
�
�����

���"���9�7�+�:�*�-�/�.�*�)�0�����������#���������-�*�.�/�.�*�)�0��������

���%�%���9�$�)�;�*�:�%

�/���������	�
�����
�������	�����	�� ���
������������������������� ������������	������������#���5����	���6��
�����	�
�������������������<������������������

�.����������������������������=�����������������
����
�����<���
�����	���������������	�� �
���	�������������������

https://www.researchgate.net/publication/317140628_Sichuan_Basin_and_Beyond_Eastward_foreland_growth_of_the_Tibetan_Plateau_from_an_integration_of_Late_Cretaceous-Cenozoic_fission-track_and_U-ThHe_ages_of_the_eastern_Tibet_Plateau_Qinling_and_Daba_Sha?enrichId=rgreq-488db4270c6dc278493e720e00b07c14-XXX&enrichSource=Y292ZXJQYWdlOzMxNzE0MDYyODtBUzo1NDEyMjUyNjAyNDkwODhAMTUwNjA0OTU2NTkzNA%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/project/Southern-Alaska-Tectonics?enrichId=rgreq-488db4270c6dc278493e720e00b07c14-XXX&enrichSource=Y292ZXJQYWdlOzMxNzE0MDYyODtBUzo1NDEyMjUyNjAyNDkwODhAMTUwNjA0OTU2NTkzNA%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-488db4270c6dc278493e720e00b07c14-XXX&enrichSource=Y292ZXJQYWdlOzMxNzE0MDYyODtBUzo1NDEyMjUyNjAyNDkwODhAMTUwNjA0OTU2NTkzNA%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Zhao_Yang59?enrichId=rgreq-488db4270c6dc278493e720e00b07c14-XXX&enrichSource=Y292ZXJQYWdlOzMxNzE0MDYyODtBUzo1NDEyMjUyNjAyNDkwODhAMTUwNjA0OTU2NTkzNA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Zhao_Yang59?enrichId=rgreq-488db4270c6dc278493e720e00b07c14-XXX&enrichSource=Y292ZXJQYWdlOzMxNzE0MDYyODtBUzo1NDEyMjUyNjAyNDkwODhAMTUwNjA0OTU2NTkzNA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Northwest_University?enrichId=rgreq-488db4270c6dc278493e720e00b07c14-XXX&enrichSource=Y292ZXJQYWdlOzMxNzE0MDYyODtBUzo1NDEyMjUyNjAyNDkwODhAMTUwNjA0OTU2NTkzNA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Zhao_Yang59?enrichId=rgreq-488db4270c6dc278493e720e00b07c14-XXX&enrichSource=Y292ZXJQYWdlOzMxNzE0MDYyODtBUzo1NDEyMjUyNjAyNDkwODhAMTUwNjA0OTU2NTkzNA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Chuanbo_Shen?enrichId=rgreq-488db4270c6dc278493e720e00b07c14-XXX&enrichSource=Y292ZXJQYWdlOzMxNzE0MDYyODtBUzo1NDEyMjUyNjAyNDkwODhAMTUwNjA0OTU2NTkzNA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Chuanbo_Shen?enrichId=rgreq-488db4270c6dc278493e720e00b07c14-XXX&enrichSource=Y292ZXJQYWdlOzMxNzE0MDYyODtBUzo1NDEyMjUyNjAyNDkwODhAMTUwNjA0OTU2NTkzNA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/China_University_of_Geosciences?enrichId=rgreq-488db4270c6dc278493e720e00b07c14-XXX&enrichSource=Y292ZXJQYWdlOzMxNzE0MDYyODtBUzo1NDEyMjUyNjAyNDkwODhAMTUwNjA0OTU2NTkzNA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Chuanbo_Shen?enrichId=rgreq-488db4270c6dc278493e720e00b07c14-XXX&enrichSource=Y292ZXJQYWdlOzMxNzE0MDYyODtBUzo1NDEyMjUyNjAyNDkwODhAMTUwNjA0OTU2NTkzNA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Eva_Enkelmann?enrichId=rgreq-488db4270c6dc278493e720e00b07c14-XXX&enrichSource=Y292ZXJQYWdlOzMxNzE0MDYyODtBUzo1NDEyMjUyNjAyNDkwODhAMTUwNjA0OTU2NTkzNA%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Eva_Enkelmann?enrichId=rgreq-488db4270c6dc278493e720e00b07c14-XXX&enrichSource=Y292ZXJQYWdlOzMxNzE0MDYyODtBUzo1NDEyMjUyNjAyNDkwODhAMTUwNjA0OTU2NTkzNA%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/The_University_Hospital-UC_Health?enrichId=rgreq-488db4270c6dc278493e720e00b07c14-XXX&enrichSource=Y292ZXJQYWdlOzMxNzE0MDYyODtBUzo1NDEyMjUyNjAyNDkwODhAMTUwNjA0OTU2NTkzNA%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Eva_Enkelmann?enrichId=rgreq-488db4270c6dc278493e720e00b07c14-XXX&enrichSource=Y292ZXJQYWdlOzMxNzE0MDYyODtBUzo1NDEyMjUyNjAyNDkwODhAMTUwNjA0OTU2NTkzNA%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Zhao_Yang59?enrichId=rgreq-488db4270c6dc278493e720e00b07c14-XXX&enrichSource=Y292ZXJQYWdlOzMxNzE0MDYyODtBUzo1NDEyMjUyNjAyNDkwODhAMTUwNjA0OTU2NTkzNA%3D%3D&el=1_x_10&_esc=publicationCoverPdf


Sichuan Basin and beyond: Eastward foreland growth
of the Tibetan Plateau from an integration of Late
Cretaceous-Cenozoic� ssion track and (U-Th)/He
ages of the eastern Tibetan Plateau, Qinling,
and Daba Shan
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China University of Geosciences, Ministry of Education, Wuhan, China,4Department of Geology, University of Cincinnati,
Cincinnati, Ohio, USA

Abstract Combining 121 new� ssion track and (U-Th)/He ages with published thermochronologic data,
we investigate the Late Cretaceous-Cenozoic exhumation/cooling history of the eastern Tibetan Plateau,
Qinling, Daba Shan, and Sichuan Basin of east central China. The Qinling orogen shows terminal
southwestward foreland growth in the northern Daba Shan thrust belt at 100–90 Ma and in the southern
Daba Shan fold belt at 85–70 Ma. The eastern margin of Tibetan Plateau experienced major exhumation
phases at 70–40 Ma (exhumation rate 0.05–0.08 mm/yr), 25–15 Ma (� 1 mm/yr in the Pengguan Massif;
~0.2 mm/yr in the imbricated western Sichuan Basin), and since ~11–10 Ma along the Longmen Shan
(~0.80 mm/yr) and the interior of the eastern Tibetan Plateau (Dadu River gorge, Min Shan; ~0.50 mm/yr). The
Sichuan Basin records two basin-wide denudation phases, likely a result of the reorganization of the upper
Yangtze River drainage system. The� rst phase commenced at ~45 Ma and probably ended before the
Miocene;> 1 km of rocks were eroded from the central and eastern Sichuan Basin. The second phase
commenced at ~12 Ma and denudated the central Sichuan Basin, Longmen Shan, and southern Daba Shan;
more than 2 km of rocks were eroded after the lower Yangtze River had cut through the Three Gorges and
captured the Sichuan Basin drainage. In contrast to the East Qinling, which was weakly effected by late
Cenozoic exhumation, the West Qinling and Daba Shan have experienced rapid exhumation/cooling since
~15–13 Ma, a result of growth of the Tibetan Plateau beyond the Sichuan Basin.

1. Introduction

The Tibetan Plateau towers over a large region of Asia. Since the India-Asia collision ~50 Ma ago [e.g.,
Klootwijk et al.,1992;Najman et al.,2010], ongoing convergence has led to the outward spreading of the
plateau (Figure 1) [e.g.,Tapponnier et al.,2001;Royden et al.,2008]. In the north, it has stepped over the
Tarim Basin and is building the Tian Shan [e.g.,Avouac et al.,1993;Zubovich et al.,2010]. In the northeast,
the plateau is growing into the Hexi Corridor along the eastern end of the Altyn Tagh fault system [e.g.,
Zheng et al.,2006;Palumbo et al.,2009;Duvall et al.,2013]. Along its eastern margin, the Longmen Shan
borders the Sichuan Basin, forming one of Earth’s highest topographic reliefs. There, rocks have been
exhumed from 8 to 10 km depth since at least the early Miocene [e.g.,Kirby et al.,2002;Godard et al.,
2009;Tian et al.,2013].

The Qinling orogen stretches ~2000 km east-west across central China, connecting the Dabie Shan in eastern
China with the Kunlun and Qilian Shan of the northeastern Tibetan Plateau (Figure 1). It formed by the Triassic
collision between the North China and South China Blocks and Jurassic to Cenozoic intracontinental reactiva-
tion [e.g.,Zhang et al.,2001;Ratschbacher et al.,2003;Dong et al.,2011]. Occupying the northeastern Tibetan
Plateau foreland, the deformation and uplift of the West Qinling was interpreted as due to either spreading of
lower crustal material from the Tibetan Plateau [e.g.,Clark and Royden, 2000] or lateral extrusion of the South
China Block relative to the North China Block (e.g.,Tapponnier and Molnar[1977] andEnkelmann et al.[2006]
for an assessment of both models).
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The Daba Shan, the southwestward convex southern foreland fold-and-thrust belt of the Qinling northeast of
the Sichuan Basin (Figure 1) [e.g.,Hu et al.,2012;Shi et al.,2012;Yang et al.,2013], shows moderate elevations
(1–3 km) compared to the Tibetan Plateau. However, deeply incised valleys, earthquakes, and landslides [e.g.,
Shaanxi Bureau of Geology and Mineral Resources(S.B.G.M.R), 1989;Gan et al.,2002;Liu et al.,2007] indicate an
active mountain belt. The Qinling, the Daba Shan, and the Bamian Shan east of the Sichuan Basin (Figure 1b)
thus afford insight into the question whether the eastward growth of the Tibetan Plateau—analogous to the
Tarim Basin and the Tian Shan—has extended beyond the Sichuan Basin causing deformation and uplift to its
(north)east. An answer requires a more complete understanding of the regional distribution and timing of
Cenozoic deformation and exhumation to elucidate the formation of the eastern Tibetan Plateau and its
eastward growth.

The Sichuan Basin served as the foreland basin of the Qinling and the eastern Tibetan Plateau in the Mesozoic
and Cenozoic, respectively. In contrast to the thick and widespread Mesozoic strata, the thin and restricted
Cenozoic strata were attributed either to little Cenozoic shortening and basin subsidence [Burch� el et al.,
1995, 2008] or to removal of 1.3–4.0 km of Cenozoic strata by the paleo-Yangtze River cutting through the
Three Gorges since ~45–40 Myr ago [Richardson et al.,2008, 2010]. The latter interpretation needs con� rma-
tion by data from the mountain ranges rimming the Sichuan Basin; the time of capture of the Sichuan Basin
(or upper Yangtze River) drainage by the lower Yangtze River is also controversial [J. T. Jia et al.,2010;Zheng
et al.,2011, 2013].

Figure 1. (a) Digital elevation model image of the Tibetan Plateau and surrounding regions with locations discussed in the
text. (b) Shuttle Radar Topography Mission-based topography and swath pro� les (20 km swath windows) across the
western and northeastern margin of the Sichuan Basin, eastern Tibetan Plateau, and Daba Shan. Major rivers discussed in
text are marked.
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