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Figure 1 Regional shaded relief map of the Tibetan Plateau and simplified geological map of the Qaidam Basin and its adjacent regions. (a) Regional
shaded relief map of the Tibetan Plateau showing major physiographical and tectonic features of the Tibetan Plateau. The black box outlines the location
of (b). (b) Simplified geological map of the Qaidam Basin and its adjacent regions (modified from 1:1.5 Million Geological Map of Tibetan Plateau and
its Surrounding Areas[m). The mountain ranges and faults around the Qaidam Basin (NQFZ-North Qaidam thrust fault zone), recent published
magnetostratigraphic sections at Huatugoum], Hongsanhan[w, Lulehem’w, Honggou[sgl, Dahonggou[33’45] and Huaitoutala™® as well as locations of
Figs. 2(a), 3(a), 4(a) and 6(a)
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Table 1 Ostracode, charophyte and sporopollen assemblages in the Cenozoic strata of the Qaidam Basin and ages
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Figure 2 Geological map, topographic image of the Ganchaigou anticline and correlations of the Huatugou magnetostratigraphy with the geomagnetic
polarity time scale. (a) Geological map of the Ganchaigou anticline, showing location of the Huatugou magnetostratigraphy (modified from Refs.
[43,58]). (b) Image of the Ganchaigou anticline, showing Cenozoic strata boundaries around the Ganchaigou anticline. (c) Correlations of the observed
polarity sequence of the Huatugou section with the geomagnetic polarity time scale 2012 (GPTSZOIZ[éo])[“]
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Figure 3 Topographic image and geological map as well as correlations of the Lulehe magnetostratigraphy with the geomagnetic polarity time scale.
(a) Image of the Lulehe anticline, showing Cenozoic strata boundaries around the Lulehe anticline. (b) Geological map of the Lulehe anticline. Both (a)
and (b) show the locations of Lulehe magnetostratigraphy, fish fossils found in the Lulehe region. (c) Correlations of the Lulehe magnetostratigraphy
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Figure 4 Geological and topographic maps and cross-sections of the Dahonggou anticline. (a) Simplified geological map of the Dahonggou anticline.
(b) Image of the Dahonggou anticline with Mesozoic-Cenozoic boundaries around the Dahonggou anticline. (a) and (b) show the locations of the
Dahonggou and the Honggou magnetostratigraphies as well as the Honggou mammalian fossil fauna. (c) Cross-section of the Honggou section. (d)

Cross-section of the Dahonggou section (modified from Ref. [33])
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B 5 4094, KL HIHRENE I S AR B AR AR LR (a) £YARENME 1 S hR i B A R (GPTS 20121 % L P, (b) et i
WA 81 S AR AR P AE R (GPTS20 1 2N BB LT .. (c) LTI E 81 S bRy R P4 2 (GPTS20 12" i I B

Figure 5 Correlations of the Honggou and Dahonggou magnetic polarity sequences with the geomagnetic polarity time scale. (a) Correlations of the
observed magnetic polarity sequence of the Honggou section with the GPTS20120%. (b) Refined correlations of the Dahonggou magnetic polarity
sequence with the GPTS2012", (c) Correlations of the observed magnetic polarity sequence of the Dahonggou section with the GPTS2012P*!
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B 6 MM T, Mg S R LU SRR Y 5 AR PEAE A LUIRL. (a) SEIAARZE AR T ot & O A b XS BRI 151 (b)
MR DX A0 B ], PRT e Ss T VR Sk MRr F)TET  PAS S fo 1 T 1 R 0 R 48 3 X b 2 3 A1 R AE (M 2 S Bl 19 4 i BEL R A Ty
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JZ L

Figure 6 Geological maps, cross-sections and magnetostratigraphic correlations of Huaitoutala region sections. (a) Simplified geological map of the
Kuluke anticline in the eastern region of the Qaidam Basin. (b) Geological map of the Huaitoutala region with shaded relief map in the background
showing Cenozoic strata correlations (the boundaries of the strata modified from Geological map of Delingha sheet 1:250000[82]). (c) Cross-section of
the Huaitoutala section. (d) Cross-section of the Huaitoutala West section. (e) Lithological correlations between the Huaitoutala West section and
Huaitoutala section as well as correlations of the Huaitoutala magnetostratigraphy with the GPTS2012*. Based on the litology, six lithological units
(Unit 1-Unit 6) can be identified in the Huaitoutal section and Huaitoutala West section in (c)—(e)
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Figure 7 (Color online) Correlations among the magnetostratigraphic sections in the Qaidam Basin. (a) Huatugou section; (b) Lulehe section; (c)

Honggou section; (d) Dahonggou section; (¢) Huaitoutala section (Unit 1 to Unit 6 are six lithological Units identified in the Huaitoutala section

The locations for the magnetostratigraphies are shown in Fig. 1(b)
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Figure 8 (Color online) Sediment accumulation rate changes of the Cenozoic sections around the Qaidam Basin. (a) Huatugou section; (b) Lulehe

section; (c) Honggou section; (d) Dahonggou section; (¢) Huaitoutala section
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The Qaidam Basin hosts thick Cenozoic strata with an uninterrupted depositional time frame from early Cenozoic to the
Quaternary, where remarkable number of mammalian fossils were discovered. These properties of the Cenozoic strata
provide a unique chance to establish the basin-wide chronological framework by using palacomagnetistratigraphy and
biostratigraphy. Armed with the chronological framework, the sedimentary evolution and structural deformation of the
Qaidam Basin and its adjacent region can be reconstructed to reveal the deformational processes and dynamic mechanism
of the Tibetan Plateau expansion during the Cenozoic. According to the previous studies, the Cenozoic strata preserved in
the Qaidam Basin, have been subdivided into seven primary progressively younger stratigraphic units: The Lulehe, Xia
Ganchaigou, Shang Ganchaigou, Xia Youshashan, Shang Youshashan, Shizigou, and Qigequan formations. Despite the
long study history of the Qaidam Basin, they are still controversial questions of basin-wide Cenozoic stratigraphic unit
correlations and the time of formation of the Qaidam Basin. On the basis of the field observations, this paper summarizes
relatively long magnetostratigraphic sections (thickness > 4500 m), such as the Huatugou, Lulehe, Honggou, Dahonggou,
and Huaitoutala magnetostratigraphies in the Qaidam Basin from the west to east. The magnetostratigraphies/refined
magnetostratigraphies dated the Lulehe Fm. to span from 31 to 23.7 Ma, Xia Ganchaigou Fm. from 23.7 to 17 Ma, Shang
Ganchaigou Fm. from ca. 17 to ca. 12 Ma, Xia Youshashan Fm. from ca. 12 to ca. 10 Ma, Shang Youshashan Fm. from ca.
10 to ca. 7 Ma, and Shizigou Fm. is younger than ca. 7 Ma.

Our interpretations suggest that the westernmost portion of the Qaidam Basin is probably formed in the Eocene, and the
middle part of the basin began to accumulate sediments since the Oligocene (ca. 31-26 Ma). In the eastern part of the
Qaidam Basin, Cenozoic subsidence was likely to initiate during the early to middle Miocene (ca. 16 Ma). Although onset
of the Qaidam Basin expanded between Eocene and early Miocene from the west to east, significant portion of the basin
seems to subsided after the Oligocene. This phenomenon indicates that the most profound episode of the tectonic
deformation around the Qaidam Basin has occurred since the Oligocene.

In the Qaidam Basin, the sediment accumulation rates over the basin had increased significantly during the middle
Miocene (ca. 15 Ma). We rule out climate changes to drive the rapid middle-Miocene erosion and accumulation rates
because of stepwise aridification of the northeastern Tibetan Plateau during the Neogene time interval. Thus, the increased
accumulation rates imply direct relation to upward growth of the mountain ranges around the Qaidam Basin.

There is abundant evidence demonstrating occurrences of the Oligocene (ca. 30 Ma) and middle-Miocene (10—15 Ma)
stages of crustal shortening in many localities in and around the Tibetan Plateau, suggesting that both stages the
deformation in ca. 30 and 10—15 Ma are synchronous and large-scale tectonic activation events. The regional synchronicity
of plateau-wide deformational phases indicates significant changes in the dynamics of the plateau growths during the
Oligocene and middle-Miocene. We suggest that ca. 30 and 10—15 Ma upward and outward growths of the Tibetan Plateau
are likely to be driven by removal of mantel lithosphere beneath different portions of the Tibetan Plateau. Following the
continuous convergence between the Indian and Eurasian continents, the lithosphere of the Tibetan Plateau was thickened.
Removal of thickened, dense lithosphere could cause the uplift of the Tibetan Plateau, and then applied exert compressive
stresses to the relatively lower relief region to trigger pulsed outward growth of the plateau to its recent margins.

Qaidam Basin, Cenozoic strata, magnetostratigraphy, sedimentary-tectonic evolution
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