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Residual doses may cause overestimation of electron spin resonance (ESR) ages for fluvial sediments. However, ESR residual doses in outburst megaflood sediments have rarely been evaluated. The Jinsha River, situated in the southeastern Tibetan Plateau, is characterized by active faults, narrowed canyons, and dammed lakes. Consequently, the river is a rare opportunity for a reconstruction study of outburst flood events from a paleo-dammed lake. After the destruction of the Baige dammed lake in the upper Jinsha River in 2018, outburst megafloods formed a thick diluvium that was deposited in broad valley land along the lower Jinsha River. Based on detailed field investigation and laboratory studies, preliminary hydraulics estimates and residual quartz ESR signals indicate the following. 1) Among the multiple quartz ESR centers, the Al, E1ʹ, Ti-H, and Ti-Li centers could be measured. The Ti-H center had the lowest residual dose and would provide relatively accurate ages for outburst megaflood sediment. 2) The Ti-Li and Al centers commonly used for ESR dating provide overestimates of 283 ± 42 ka ∼ 462 ± 63 ka and 1,010 ± 88 ka ∼ 1,400 ± 219 ka, respectively, for present outburst megaflood sediment. 3) The diverse ages given by the same ESR signal may be caused by various precursors of megaflood sediments, which are mainly sourced from landslide dams and from various terraces and slope sediments along the river. Results demonstrated that the apparent ESR ages observed for the outburst megaflood sediment in the southeastern Tibetan Plateau may be counterfeit, providing an age much older than its real age. This could be interpreted to mean that the narrowed lower channel makes the upper reaches of the broad valley appear lake-like, with diluvium deposits having large non-negligible residual ESR signals without enough exposure to adequate sunlight, despite having good stratification and sorting characteristics similar to those of fluvio-lacustrine sediments. Thus, abrupt reversal in quartz ESR ages in multiple centers observed in the geochronological framework of the fluvial sedimentary profile may indicate a diluvial or flood layer in the absence of other inducements.
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HIGHLIGHTS

• Outburst megaflood sediments induced by destruction of a dammed lake show good stratification and sorting characteristics.
• Quartz ESR signals of megaflood sediments are rarely bleached prior to burial.
• Various precursors of megaflood sediments contribute to large ESR De values.
• Abrupt reversal of ESR age may indicate megaflood sediment layers in fluvial sediment.
1 INTRODUCTION
The disastrous effects of megafloods caused by outbursts of dammed lakes on the geological environment have attracted the attention of environmental geologists, geomorphologists, and archeologists since the MS 8.0 Wenchuan earthquake in China on 12 May 2008 because these can be severe enough to cause the disappearance of societies (Carrivick et al., 2011; Li et al., 2014; Wu et al., 2016; Dong et al., 2018; Li et al., 2020; Ding et al., 2021; Wang et al., 2021). Recently, the need for scientific information about megaflood deposits—in terms of their composition of materials, grain size distributions, sedimentary structure characteristics, and geochronology—has attained critical attention (Liu et al., 2019; Su et al., 2021).
Electron spin resonance (ESR) dating has been widely used to determine the geochronology of quaternary unconsolidated sediments (Grün, 1989; Rink, 1997; Voinchet et al., 2007, 2015, 2019; Duval et al., 2017; Voinchet et al., 2020; Wei et al., 2020). The evaluation of the resetting degree of ESR is essential, especially for the dating of rapidly accumulated deposits (Richter and Tsukamoto, 2022). Residual equivalent dose (De) values for ESR signals have been investigated using natural-sunlight optical bleaching (Voinchet et al., 2007; Gao et al., 2009; Gliganic et al., 2017), artificial sunlight simulation (Toyoda et al., 2000; Voinchet et al., 2003, 2017; Wei et al., 2018, 2019), and tumbler experiments (Liu and Grün, 2011). Previous studies have shown that ESR signals of modern fluvial (Voinchet et al., 2015; Tsukamoto et al., 2017) and alluvial sediments (Moreno et al., 2012; Cunningham et al., 2015; Bartz et al., 2020) can become zero or reach steady residual values before burial. However, the evaluation of the residual De value of the diluvium, especially that discharged from dammed lakes in the canyon area, has been rare.
In December 2018, a modern dam-breaching event occurred on the southeastern Tibetan Plateau (Figure 1), resulting in an outburst flood and the accumulation of thick outburst flood sediments downstream (Figure 2). In this study, field investigations and laboratory grain size experiments were performed for sedimentary texture analysis. Samples of these outburst flood sediments from different downstream river locations were obtained for ESR measurement in order to estimate residual doses in their quartz grains. This article discusses the implications of residual doses in recognizing the geo-historical fluvial profiles of paleo-megaflood layers.
[image: Figure 1]FIGURE 1 | (A,B) Maps showing the location of the Jinsha River and the studied area. (C) Photograph of the Baige landslide dam (98° 42′ 17.98″ E and 31° 4′ 56.41″ N). Note that the picture was taken approximately 23 h after the landslide occurred, at 16:00 h on 5 November 2018.
[image: Figure 2]FIGURE 2 | (A,B) Photographs of the First Bend of the Yangtze River at the Shigu area. Picture (A) was taken on 14 April 2018 and picture (B) was taken at 8:45 h on 15 November 2018, when the area was inundated by the outburst flood caused by the broken Baige landslide dam. Picture (B) is from the website www.chinanews.com. (C) Oblique Google Earth image illustrating that the channel and valley narrowed sharply at the Tiger Leaping Gorge (TLG); terrain contrast is 3.0 times that of the actual. SM: Snow Mountain.
2 THE 2018 BAIGE DAMMED LAKE
The Baige area of the southeastern Tibetan Plateau has steep hills and valleys, severe landform incisions, and broken rocks (Guo et al., 2021). Before the 20th century, several strong earthquakes occurred around the Baige area, including the 1989 Mw 6.5 Batang earthquake, the 1870 Mw 7.2 Batang earthquake, and the 1842 Mw 7.3 Zongguo earthquake (SSB, 1995; Ambraseys and Douglas, 2004). Recently, the 2013 MS 6.1 Changdu earthquake occurred in this area, resulting in 37 and 57 new potential hazards in Jiangda and Baiyu counties, respectively (Wang et al., 2019). These earthquakes intensified the frequency of landslide occurrence, including the Baige landslide.
2.1 Landslides and the creation of the Baige dammed lake
Due to the combination of heavy rainfall and long-term gravity movement, the Baige landslide occurred on 11 October 2018, blocking the Jinsha River and forming the Baige dammed lake in the southeastern Tibetan Plateau (Figure 1B; Guo et al., 2021). The landslide occurred on the right bank of the Jinsha River. The material moved by the landslide had a volume of approximately 2.5 million m3, with an average accumulation height of 40 m above the channel bottom of the river (Guo et al., 2021). Water flowed into the dammed lake at approximately 1,700 m3/s, accumulating approximately 0.15 billion m3 of water in under 24 h (data from Changjiang Water Resources Commission). The maximum storage of the dammed lake (∼0.3 billion m3) was reached on the afternoon of 12 October 2018. The resulting dammed lake has a length of 2 km and a width ranging between 450 and 700 m (Guo et al., 2021). As the water naturally flowed downstream, the water level of the dammed lake dropped from 2,915.12 m to 2,894.60 m.
A second landslide occurred at the same place on the Jinsha River at 17:00 h on 3 November 2018. The volume of earth moved was ∼2 million m3, and the accumulated volume of earth was ∼5 million m3. The dammed lake has a length of ∼270 m and a width of ∼580 m. The elevation changed to ∼2,970 m, which is 36 m higher than that of the first dammed lake. The estimated volume of the dammed lake is approximately 0.77 billion m3. The Jinsha River was cut off by the dammed lake (Figures 1, 3; data from Changjiang Water Resources Commission).
[image: Figure 3]FIGURE 3 | (A) Stepped discharge time of diluvium from the Baige dammed lake. (B) Riverbed profile of the Jinsha River from the Baige dammed lake to the Shigu area. (C) Water level and water flow rate of the Jinsha River in the Shigu area on 15 November 2018 (data from the Bureau of Hydrology, Changjiang Water Resources Commission). Discharge from the Baige dammed lake began at 18:30 h on 13 November 2018 and reached the Shigu area at 22:30 h on 14 November 2018. (D) Rate of flood flow from the Baige dammed lake to the Shigu area. (B,D) Cited from Su et al. (2021). TLG: Tiger Leaping Gorge.
2.2 Diluvium from the Baige dammed lake
After manual intervention, the flood caused by the destruction of the dammed lake entered the Shigu area (First Bend of the Yangtze River) at approximately 22:30 h on 14 November 2018. The highest flood level was 1,826.33 m, which was 3.80 m and 8.98 m higher than the warning (Figures 2, 3, 4) and normal water levels, respectively. The highest water flow rate was 7,070 m3/s. The water level did not fall back to the normal level until 17:00 h on 15 November 2018. The relatively high water level lasted approximately 18 h in the First Bend area (Figure 3).
[image: Figure 4]FIGURE 4 | Accumulation of diluvium in various locations in the First Bend area (Shigu town) of the Jinsha River. (A,B) Diluvium covered the dwellings at the right bank of the Jinsha River; photographs were taken after cleaning. (C) Diluvium outcropped at the central bar after the megafloods disappeared. (D) Megaflood outburst sediments covered the farmlands and their crops.
The rapidly narrowed TLG acted like a dam, preventing outburst floods from discharging downward quickly. This resulted in a momentary lake and caused the accumulation of diluvium from the outburst megafloods of the Baige dammed lake at the First Bend area (Shigu town), which is located above the TLG (Figure 4). Typical deposits from outburst megafloods that have accumulated in the First Bend area provide ideal materials for the reconstruction of paleo-dammed lakes and their sediments (Figures 2, 4).
3 METHODS
3.1 Sample collection
After the flood peaked and subsided, we conducted field investigations to collect samples of accumulated diluvia for ESR studies from three typical sites in the lower reaches of the Baige dammed lake on 15 November 2018. Sampling locations corresponded to deposits generated by the flash flood because strong rainfall was not recorded during that time in the sampling locations, according to reports of the China Meteorological Administration.
In total, 11 samples were collected for ESR signal intensity estimates from three spatially different sections. Samples were collected in stainless steel tubes, and both ends of the tubes were immediately sealed with aluminum foil and taped to prevent light exposure and water loss during transport and storage (Yang et al., 2017). To better understand the grain-size composition of the Baige diluvium, we collected 26 samples from section 4 for grain size analysis at a sampling interval of 10 cm. Detailed information on sampling is provided in Figure 5 and Table 1.
[image: Figure 5]FIGURE 5 | Locations and field photos of sampling sections, and their lithological sections. JDSM: Jade Dragon Snow Mountain; HBSM: Haba Snow Mountain; TLG: Tiger Leaping Gorge.
TABLE 1 | Details of sampling information for ESR dating and grain size analysis.
[image: Table 1]3.2 Protocol for grain size analysis
Grain sizes for all the samples were measured at the Grain Size Measurement Laboratory, Institute of Geology, China Earthquake Administration (IGCEA), using the procedure described by Fan et al. (2006). Chemical pretreatments were performed according to the procedure described by Jiang et al. (2017). Grain size measurements were performed using the Mastersizer 3,000 laser diffraction particle size analyzer.
3.3 Protocol for ESR measurements
3.3.1 Quartz extraction and ESR measurement
Quartz extraction for ESR experiments was performed according to the procedure by Wei et al. (2020). The samples were divided into coarse (100–200 μm) and fine (<100 μm) fractions to investigate the dependence of signal intensity on grain size, according to the procedure described by Voinchet et al. (2015) and Liu et al. (2015). Ten of the 11 aliquots of each sample were irradiated, at doses of 100, 200, 400, 800, 1,200, 1,600, 2000, 3,000, 4,000, and 5,000 Gy. All ESR measurements were executed at the ESR Dating Laboratory, IGCEA, using a BRUKER EPR041XG X-band spectrometer. Ge (g = 1.997) and E1ʹ (g = 2.001) centers were measured at room temperature (20°C) with a microwave power of 0.01 mW (Figure 6, Toyoda and Ikeya, 1991; Toyoda et al., 2000; Wei et al., 2017). ESR measurements of Al and Ti-Li centers were performed with the spectrometer cooled to 77 K using liquid nitrogen in a finger Dewar. The Al and Ti-Li centers were acquired together with a single spectrum and were realized with a microwave power of 5 mW and modulation amplitude of 0.16 mT. The intensities of the Ti-Li (option A, B, D) and Ti-H centers were measured according to the procedure described by Wei et al. (2020) and Duval and Guilarte (2015) (Figure 6). For each aliquot, readings were obtained at three angles, and the average value was calculated to reduce the difference caused by the anisotropy of quartz. ESR signal intensities were normalized using aliquot weight and receiver gain, and the value of De was determined according to the procedure described by Wei et al. (2020).
[image: Figure 6]FIGURE 6 | ESR spectra of the E1ʹ center measured at room temperature for Al and multiple Ti centers measured at a low temperature (77 K) in sample JSJ-HS-01.
3.3.2 Bleaching experiment
To evaluate the non-bleachable component and bleaching rate of the Al center, light bleaching of quartz extracted from 11 ESR samples was performed using an SOL 2/500S simulator for 240 h (Wei et al., 2019). The signal intensities for the bleaching rate of ESR centers were calculated according to the procedure described by Voinchet et al. (2015).
4 RESULTS
4.1 Grain size analysis
In this study, grain sizes of < 4 μm, 4–63 μm, and >63 μm were considered to represent clay, silt, and sand fractions, respectively (Folk et al., 1970). Grain parameters were calculated using the method provided by Folk and Ward (1957). Results of grain size analysis are shown in Figure 7 and their comparison with normal deposits in the Yangtze River basin in Table 2.
[image: Figure 7]FIGURE 7 | Grain size characteristics of diluvium from Baige dammed lake (A–C) and other normal Yangtze deposits (D). (A) Shepard ternary plot of grain size distribution. (B,D) Relative frequency plots of grain size distribution. (C) Probability plot of grain size distribution.
TABLE 2 | Grain size parameters of diluvia from the Baige dammed lake and normal Yangtze deposits.
[image: Table 2]Figure 7 and Table 2 show that the diluvium is mainly composed of silt (average = 47%) and sand (average = 49%). The frequency distribution curves are characterized by a single peak, which signifies a homogeneous hydrodynamic condition. The probability accumulation curve can be divided into three phases, which represent suspension, saltation, and creeping fractions, respectively. The standard deviation (Sd) varied from 1.37 to 1.21, and the average was 1.52. Skewness (Sk) was 0.21–0.53, with an average of 0.35. Kurtosis granularity (Kg) varied from 0.96 to 1.7, with an average of 1.11. These grain size parameters indicate that the sediments were typical rapid fluvial deposits that had been transported by flow from the Baige dammed lake.
4.2 Residual signal intensities of multiple ESR centers
Quartz Ge centers were not observed, or could not be measured, for all samples presented in the study. However, the Al, E1ʹ, Ti-H, and Ti-Li centers (options A, B, and D) were measured, and the results are illustrated in Figure 8.
[image: Figure 8]FIGURE 8 | Residual signal intensities of multiple ESR centers in coarse and fine fractions of quartz in diluvia of the Baige dammed lake. The coarse and fine quartz residual signal intensities of E1 ' center for (A), Al center for (B), Ti-Li center (option A) for (C), Ti-Li center (option A) for (D), Ti-Li center (option A) for (E), Ti-H center for (F).
The Al and E1ʹ centers have the highest residual ESR signal intensities (hereafter referred to as ESR-SI), at 3.8–5 × 106 and 2.4–3.4 × 106 a.u., respectively. Ti-H centers and Ti-Li centers for option D show the lowest residual ESR-SI, at 1.1–2.3 × 105 and 1.2–2.7 × 105 a.u., respectively. The Ti-Li centers option and option B show similar residual ESR-SI values, with shifts of 2.0–5.5 × 105 and 1.6–5.0 × 105 a.u., respectively.
Figure 8 also demonstrates that for the measurement of quartz ESR signal intensity in the same center, the residual ESR-SI of the coarse fractions shows no difference from those of fine fractions, which may be caused by the various provenances of the diluvia and insufficient exposure to sunlight (Voinchet et al., 2015). In conclusion, all observed ESR centers show the same trend of the ESR-SI never reaching zero before burial. Moreover, various samples also show different residual signal intensities within the same center of measurement.
4.3 The Al center bleaching rate and its differences in various grain-size fractions
Figures 8, 9 also show that there is no grain size dependence for natural quartz in the ESR signal intensities of the Al center. However, residual ESR-SI and bleaching rate show a similar trend and vary with the grain size.
[image: Figure 9]FIGURE 9 | Comparison of natural and residual quartz Al center ESR signal intensity (ESR-SI).
The residual ESR-SI of the Al center of quartz was 2.59–2.92 and 2.91–3.35 a.u. in the coarse and fine fractions, respectively. As expected, the fine fractions displayed higher bleaching rates (32–42%, average = 36%) than those of the coarse fractions (20–36%, average = 30%; Figure 9).
Results of previous artificial bleaching experiments showed the non-bleachable part of the Al center to range from 40 to 60% (Voinchet et al., 2003; Lin et al., 2006; Tissoux et al., 2008; Liu and Grün, 2011). Our results indicate that the residual rates of the Al center varied between 66 and 70%, which is higher than those reported by previous studies. Our results indicate that even the bleachable part of the Al center is not “zeroed” by the rapid erosion–transportation–deposition process.
Moreover, our data demonstrate that fine fractions have higher bleaching rates than do coarse fractions (Figures 8, 9). Voinchet et al. (2015) and Liu et al. (2015) attributed the dependence of bleaching rate on grain size to the transportation model, that is, the fraction in suspension is exposed to sunlight for a longer duration during transportation compared to the fraction in saltation. However, our samples were rapidly eroded and accumulated, and their flow was extremely cloudy compared to the samples studied by Voinchet et al. (2015) and Liu et al. (2015). In this situation, the fine and coarse fractions are not exposed to enough sunlight at the same time. Therefore, except for sunlight exposure, the different bleaching rates of Al centers in fine and coarse fractions arise because the coarse quartz is larger and has been trapped deeper compared to fine quartz (Voinchet et al., 2003; Lin et al., 2006; Tissoux et al., 2008; Liu and Grün, 2011; Benzid and Timar-Gabor, 2020; Timar-Gabor et al., 2020).
4.4 Comparison of residual ESR signals of multiple Ti centers
Our results demonstrate that various Ti centers show different residual ESR signal intensities (Figure 7). Residual doses of Ti-Li centers (option A) and Ti-Li centers (option B) are twice as large as those of Ti-Li centers (option D) and Ti-H. Duval and Guilarte (2015) demonstrated that options A and D of the Ti-Li center are suitable for accurate ESR dosimetry. It is therefore possible that option D has the lowest ESR residual dose and provides an accurate De for the dating of diluvium.
5 DISCUSSION
5.1 Characteristics of the sedimentary structure of outburst megaflood sediment and its comparison with normal Yangtze deposits
Rapids were formed after the barrier dam was destroyed, and they delivered large volumes of water downstream, simultaneously sweeping down sedimentary strata such as the sediments accumulated on high terraces and steep slopes downstream. Mixed sediments were transported by rapids from upstream to downstream and accumulated along the river course, and the bulk (volume) of the diluvium also quickly expanded. As shown in Figure 2, the channel narrowed from approximately 1 km (maximum) to less than 100 m (minimum) from the edges of the Baige area to the edges of the TLG (Kong et al., 2009, 2012). The rapids were blocked when they reached the entrance of the narrowed TLG, which was similar to a barrier dam, increasing the levels of rapids and slowing them down. In this case, a short-lived barrier lake formed quickly at the upper reaches of the TLG, which caused the deposition and accumulation of the diluvium at both banks, as shown in Figures 2, 4, 5. Due to the formation and fading of the dammed lake, these diluvia have a finer grain size than those of normal Yangtze deposits, which are similar to lacustrine deposits (Figures 7B,D; Table 2).
In addition to the effects of the dammed lake on hydrodynamic weakening, the upstream rapids did not arrive at the upper reaches of the TLG at the same time, and the level of accumulation increased continuously rather than instantaneously. The diluvium of the Baige dammed lake consequently has good stratification and sorting characteristics (Figures 5, 7, 10), as indicated by measured grain size parameters (Table 2). Furthermore, Figures 5, 10 also show that these megaflood sediments directly covered the bedrocks or previous sedimentary strata, unlike the normal fluvial sediments, which usually show binary structure with coarse lower fractions and fine upper fractions.
[image: Figure 10]FIGURE 10 | Vertical variations of diluvia grain sizes from the analytical results shown in Figure 5 (Section 3). The 250-cm depth section can be classified into five coarse layers (CL1–CL5) and five fine layers (FL1–FL5), which indicate that the diluvium shows good stratification and sorting characteristics in the dammed lake reaches of the canyon areas of large rivers.
5.2 Grain size dependence of residual ESR signal intensities
No marked grain-size dependence of residual signal intensities on multiple ESR centers was observed, as shown in Figure 8. These results differ from those obtained by Voinchet et al. (2015) and Liu et al. (2015), who reported that the lowest residual doses were obtained from quartz grains of 100–200 μm and suggested that these grains were transported in clear water. Their results also showed that the residual doses were small enough to allow for ESR dating of their sediments. However, the phenomenon observed in this study is due to the fact that quartz in the diluvium is mainly transported by extreme turbidity suspension (Voinchet et al., 2015). These materials from the rapids are sourced from various downstream terraces and slopes along the river; they are of old ages and are exposed directly to light in a mud-flow state either rarely or for a short time. Moreover, these materials carried by the outburst megaflood flow are easy to carry and transport in poor light-exposure conditions. Therefore, ESR residual signal intensities of the diluvium in the Baige dammed lake were not dependent on grain sizes, a finding that is not consistent with previous studies (Liu et al., 2015; Voinchet et al., 2015).
5.3 Differences in residual doses of normal deposits and outburst megaflood sediment
Wei et al. (2020) showed that ESR signals of quartz Ti-Li centers (option A) of the normal present-day fluvial sediments within the Yangtze River Basin could be reset to zero by sunlight bleaching after the normal erosion–transportation–deposition cycle. However, this study shows that the high residual ESR signals of Ti-Li centers (options A, B, D) and Al centers in the studied deposits are without efficient sunlight exposure during a rapid transport process with turbid fluvial conditions. Therefore, the good stratification and sorting characteristics of the fluvial sediment indicate that the ESR signals may not completely reset to zero.
Table 3 shows that outburst flood deposits (Baige dammed lake diluvium) in the First Bend area (Shigu town) have large residual doses. The ESR ages of samples indicate that the flood deposits were very poorly bleached, which can be attributed to the fact that sediments were hardly exposed to any sunlight during their transport. The ESR ages obtained from Al centers are always older than those from Ti-Li centers, indicating that the Al center ESR signals were less sensitive to sunlight exposure; this suggests that the Ti-Li center is more sensitive to sunlight bleaching than is the Al center (Figure 11).
TABLE 3 | ESR dating results of diluvia from Baige dammed lake.
[image: Table 3][image: Figure 11]FIGURE 11 | Dose response curves of the Ti-Li center (option A) of JSJ-HS-04 and the Al center of JSJ-HS-02-S2.
As for the E1ʹ center, Toyoda and Schwarcz (1997) and Toyoda (2015) indicate that the E1ʹ center is used more in thermal history study than in sediment dating of the quartz, and the observed isotropic signal is unstable even though the intensity increases with gamma ray irradiation. Therefore, applications using the E1ʹ center for sediment dating remain unclear. Hereafter, Wei et al. (2019) imply that the E1ʹ center exhibits a rapid increase in the first 16 h, reaches a maximum intensity between 32 h and 230 h, and then slowly decreases to a stable intensity after 400 h, at a level about 2.5 times its normal intensity. These experimental results demonstrate that no new useful indication exists for the possible use of the E1ʹ center for ESR dating. Thus, the further use of the E1ʹ center in diluvium dating is discussed in this study.
5.4 Implications for dating of fluvial sediments using ESR signals
Residual signal intensities without efficient sunlight exposure result in an older apparent age of fluvial sediments than the age given by ESR dating (Hu et al., 2010; Zhao et al., 2015). Field investigations show that fluvial sediments usually show good stratification and sorting characteristics; however, various ESR signals of these materials may not be zeroed because of their rapid transportation and accumulation. Particularly in the chronological determination of sequences of the geological profile, when a layer’s age is older than the layers below it, with abrupt and inconsistent results in the ESR dating of multiple centers, we can infer the layer to be diluvium, in the absence of other inducements.
Many large international rivers have originated in the Tibetan Plateau and drained through a region with an altitude of 5,000 to 6,000 m above sea level. The large difference in terrain elevation within a limited distance results in strong fluvial erosion, leading to deep, narrow canyons and high mountains. With strong and frequent active fault activities and strong precipitation from the Indian summer monsoon along the Tibetan Plateau, channels of these large rivers are frequently blocked by landslides. The large volume of water discharged from upstream has strong hydrodynamics to carry a large volume of diluvium eroded downstream along the riverbanks. The diluvium is deposited in a flat area with good stratification and sorting characteristics. Therefore, in determining the chronology of the fluvial sediment profile in large river basins, we should attend to layers that show an abrupt age reversal and reconsider their geological and geomorphological implications.
6 CONCLUSION
In the present study, we investigated quartz residual doses in various ESR signals for diluvium formed by outburst megafloods from the bursting of a dammed lake and deposited in the canyon area of the southeastern Tibetan Plateau. The following conclusions can be drawn based on the results of analyses:
1) Outbursts of large dammed lakes that were blocked by landslides occurred on the Tibetan Plateau, causing outburst megafloods and the accumulation of diluvium, which directly covered the downstream bedrocks and previous sedimentary strata. These megaflood sediments show good stratification and sorting characteristics despite their various provenances because of the diversity of materials swept along the high terraces and slopes downstream.
2) Among the multiple quartz ESR centers observed in this study, the Al, E1ʹ, Ti-H, and Ti-Li centers (options A, B, and D) could be measured. The Ti-H and Ti-Li centers (option D) of diluvium quartz showed the lowest residual dose and indicated a relatively accurate age for rapid fluvial deposits. Ti-Li centers and Al centers, which are commonly used for ESR dating, overestimate by 283 ± 42 ka ∼ 462 ± 63 ka and 1,010 ± 88 ka ∼ 1,400 ± 219 ka for present outburst megaflood sediment, respectively.
3) In terms of establishing the chronological framework for the fluvial sediment profile, the abrupt reversal of the age of sedimentary layers may be attributed to diluvium deposits. Therefore, whether ESR signal intensities of quartz can be reset to zero or attain steady residual doses before burial cannot be determined by good stratification and sorting characteristics observed during fieldwork.
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