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The loess deposits widely distributed in the eastern Tibetan Plateau (ETP) are important archives for reconstructing the paleoenvironmental changes and dust transportation history of the Tibetan Plateau. A lack of sufficient investigations on the source of the ETP loess has limited our understanding of dust transportation and paleoenvironmental implications. Quartz luminescence sensitivity holds great potential for tracing eolian dust sources. Numerous quartz luminescence sensitivity investigations have provided new insights into the dust sources and transportation of the Chinese loess. However, studies on luminescence sensitivity and its significance for the ETP loess provenance are scarce. In this work, we selected quartz grains in loess from different sites of the ETP to investigate the variation of luminescence sensitivity by testing the 110°C thermoluminescence (TL) peak and optically stimulated luminescence (OSL) sensitivities of quartz grains and discussed the provenance implications for the ETP loess based on quartz luminescence sensitivities. Our results show the quartz luminescence sensitivities of loess at different locations were significantly different in the ETP. The luminescence sensitivity values of the Machang (MC), Xiaojin (XJ), and Wenchuan (WCH) sections were much higher than those of the Xinshi (XS) and Zhouqu (ZQ) sections. The sensitivity values of the 110°C TL peaks and OSL in the paleosol and loess layers show distinct differences. The quartz luminescence sensitivities of the ETP loess are mainly influenced by the dust sources. Our results show that the luminescence sensitivities of quartz grains have great potential for identifying the loess sources in the ETP.
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1 INTRODUCTION
The loess-paleosol sequence contains abundant information about past environmental changes and is of great significance for past climatic and environmental reconstruction (Liu, 1985; An et al., 1991). Eolian loess is widely distributed in the eastern Tibetan Plateau (ETP), which is one of the most direct and sensitive sedimentary records for studying past environmental changes on the Tibetan Plateau (TP), and has received increasing attention in recent years (Fang et al., 1996; Pan and Wang, 1999; Chen et al., 2022; Yang et al., 2022). The high–altitude loess varies significantly in terms of the origin of the material, transport processes, and depositional environments, and systematic studies of their material sources and transport mechanisms can contribute to an in-depth understanding of the mechanisms and effects of plateau dust cycle processes, atmospheric circulation patterns, and regional environmental changes (Fang et al., 1996; Jiang et al., 1997; Wang et al., 2005; Yang et al., 2021b). However, the loess sources and transportation processes of the ETP have not been fully studied compared to the loess in the Chinese Loess Plateau (CLP) (e.g., Li et al., 2015; Sun et al., 2007; Zhang et al., 2021). Some studies have suggested that the deserts of northwestern China are the potential dust source areas for ETP loess (Tafel, 1914; Ma, 1944; Liu, 1983), and the dust from the Tarim and Qaidam Basins can contribute to the northern TP (Huang et al., 2007; Xu et al., 2015). Whereas, other studies have proposed that the ETP loess is mainly sourced from the inner TP, and local sediments and glacial activities have a great influence on the ETP loess (Fang, 1994; Chen et al., 1997; Wang and Pan, 1997; Yang et al., 2021b; Ling et al., 2022). Thus, the large uncertainty in the source of the Tibetan loess has hindered further understanding of the dust transport dynamics and paleoenvironmental reconstruction in the Tibetan Plateau (Fang, 1994; Sun et al., 2007; Dong et al., 2017).
Luminescence holds unique potential as a sediment tracer and provenance tool (Sawakuchi et al., 2018; Gray et al., 2019). A common approach in source tracing using luminescence is to examine the luminescence sensitivity of quartz grains to source lithology and transport history (Sawakuchi et al., 2012; Zular et al., 2015; Sawakuchi et al., 2018). The luminescence sensitivity is defined as the luminescence intensity per unit dose per unit mass (Gy−1 kg−1) (Wintle and Murray, 1999). In nature, there are noticeable differences in the luminescence sensitivity of quartz grains from various depositional environments, and these differences may contain important information about the source area and transport processes. The luminescence sensitivity of quartz grains from different deserts in northern China has significant regional differences (Li et al., 2007; Zheng et al., 2009; Lü and Sun, 2011), implying different source areas of the eolian deposits (Lü and Sun, 2011). Lai and Wintle (2006) suggested that the optically stimulated luminescence (OSL) sensitivity of quartz grains in paleosols was greater than that of the loess layer during the Pleistocene and Holocene transitions at the Luochuan section, which can be ascribed to different provenances. Further investigation suggested that the variation of quartz origins during the glacial-interglacial cycle has a major influence on the luminescence sensitivity (Lü et al., 2014).
The cited studies show the great potential for tracing loess sources by using luminescence sensitivity. However, studies of the ETP loess luminescence sensitivity are lacking. Therefore, we first conduct a detailed investigation of the quartz luminescence sensitivity to examine the temporal and spatial variations of the ETP loess, discuss the factors affecting the change in luminescence sensitivity of quartz grains, and, finally, explore the dust source implications in the ETP based on the luminescence sensitivity of quartz. Our results contribute new insights into the dust source of the ETP loess.
2 MATERIAL AND METHODS
2.1 Sampling
The ETP is the transition zone from the Tibetan Plateau to the Sichuan Basin and the CLP, located at roughly 97–103°E and 25–37°N, with an average elevation between 2,500 m and 4,000 m above sea level (Figure 1). The aeolian loess of the ETP is mainly deposited in piedmonts, faulted basins, and river terraces, with varying thicknesses from several to tens of meters (Fang et al., 1996). The climate system is mainly influenced by the Westerlies, the Indian monsoon, and the Tibetan Plateau monsoon (Pan and Wang, 1999; Fang et al., 2004), with distinct dry and wet season differences.
[image: Figure 1]FIGURE 1 | Loess distribution and the locations of the study site and sampling profiles (XS, Xinshi; MC, Machang; WCH, Wenchuan; XJ, Xiaojin; ZQ, Zhouqu). (Loess distribution after Liu, 1985; Yang et al., 2010; Muhs, 2013).
A total of 20 luminescence sensitivity samples were collected from five typical loess-paleosol sequences in the ETP (Figure 1), including the Xinshi (XS) (Yang et al., 2022), Machang (MC), Xiaojin (XJ), Wenchuan (WCH) (Liu et al., 2021), and Zhouqu (ZQ) profiles (Yang et al., 2020). The lithologies, magnetic susceptibility (χlf) curves, and OSL dating data for all profiles studied are shown in Figure 2. The XS section (31.62°N, 99.98°E, 3,400 m) is located in the western part of the ETP, near Ganzi County. It is situated on the third terrace of the Yalong River (Yang et al., 2022). Field investigations, magnetic susceptibility (χlf) curves, and luminescence dating results show that the sequence has been deposited since the Last Interglacial, including three paleosols S1, L1S1, and S0 (Yang et al., 2021a). The MC and XJ sections are in the center of the ETP. The MC section (31.50°N, 102.08°E, 2,480 m) is situated on the sixth terrace on the east bank of the Dadu River, near Jinchuan County. In this study, the upper 5 m is selected for the luminescence sensitivity study. Based on the OSL ages, magnetic susceptibilities (χlf), and the field investigations, this section can be divided into S1, L1, and S0. The XJ section (30.99°N, 102.39°E, 3,191 m) is located on a high terrace of the Dadu River, near Xiaojin County, with a thickness of 6.6 m. According to the field observations, this profile has similar characteristics to the MC profile and can be divided into three units: S1, L1, and S0. The WCH section (31.45°N, 103.57°E, 1,630 m) and ZQ section (33.78° N, 104.40° E, 2,047 m) is located in the east and northeast of the ETP, respectively. Previous reports showed that WCH and ZQ sections have accumulated since approximately 60 ka (Yang et al., 2020; Liu et al., 2021). The stratigraphic units of WCH and ZQ sections can be identified by field investigations, OSL dating, and environmental proxies (Yang et al., 2020; Liu et al., 2021).
[image: Figure 2]FIGURE 2 | Lithology, optically stimulated luminescence (OSL) dating, and magnetic susceptibility (χlf) of the sampling profiles (L1, Malan loess; S, paleosol). The OSL dating results of the XS, MC, WCH and ZQ sections are taken from Yang et al. (2021a), Li (2021), Liu et al. (2021), and Yang et al. (2020), respectively. (XS, Xinshi, MC, Machang; WCH, Wenchuan; XJ, Xiaojin; ZQ, Zhouqu). The orange dots indicate the samples used in this study for the luminescence sensitivity study, and the black dots indicate the results for all OSL ages but not used in the luminescence sensitivity study.
2.2 Sample pretreatment
The luminescence sensitivity of quartz varies significantly with the grain size (Lü and Sun, 2011). For the same mass of quartz with different grain sizes, the finer grains will have a larger total surface area with greater luminescence sensitivities (Lü and Sun, 2011). To avoid the difference in luminescence sensitivities of quartz caused by different grain sizes, we selected 38–63 μm quartz grains for the luminescence sensitivity experiment.
The quartz purifications were performed under a subdued red lighting condition at a wavelength of ∼655 ± 30 nm. The outer 3–5 cm ends of the tube samples were first removed, and the remaining middle part was wet-sieved to obtain the 38–63 μm grain size fraction. Then the organic matter and carbonates were removed with 30% hydrogen peroxide (H2O2) and 10% dilute hydrochloric acid (HCl), followed by soaking in 35% fluorosilicic acid (H2SiF6) for approximately 2 weeks to remove the feldspar, then adding 1 mol/L HCl to remove the fluoride precipitate, until finally the purified quartz sample was obtained. The quartz purity is then tested by using the infrared stimulation (IRSL)/OSL ratio (Lai and Murray, 2006).
2.3 Luminescence sensitivities experiment
All the samples were analyzed for luminescence sensitivities at the Luminescence Dating Laboratory at the Key Laboratory of Western China’s Environmental Systems (Ministry of Education), Lanzhou University, using an automated Risø thermoluminescence (TL)/OSL DA-20 reader installed with a 90Sr/90Y β-radiation source. Blue LEDs (470 nm, ∼80 mW/cm2) on the TL/OSL reader stimulated the quartz OSL signal, which is detected using a photomultiplier tube and a corresponding 7.5 mm Hoya U-340 filter. To avoid the effect of differences in photomultiplier tubes between instruments on the luminescence sensitivity results, all samples were measured in the same instrument. In the quartz luminescence sensitivity experiment, the quartz grains adhered to an approximately 1-cm-diameter stainless steel disc with silicone oil, and all aliquots were weighed with a high-precision (readability of 0.1 mg) analytical electronic balance before and after the grains were placed on the disc for weighted normalization of the luminescence sensitivity signals.
The luminescence sensitivity experimental procedure is shown in Table 1. Ten aliquots of each sample were measured. The aliquots were first bleached at 125°C for 40 s to remove the natural OSL signals, then known laboratory beta irradiation doses (0 Gy, 2.58 Gy, 5.16 Gy, 10.32 Gy) were sequentially applied. Finally, the quartz grains are preheated at 260°C to test the TL signal and stimulated at 125°C for 40 s to obtain the OSL signal.
TABLE 1 | Experimental sequences for luminescence sensitivity measurements.
[image: Table 1]Data analysis: The dose-response curves were established with the four regenerative doses and the corresponding luminescence signal. The purpose of the regenerative dose of 0 Gy was to check the recuperation. The OSL signal integration of the first 0.32 s in the quartz decay curve minus the last 8 s of background for calculations employing a net OSL signal. The 110°C TL peak areas are derived from integration performed between 100 and 120°C with the dark count deducted. The luminescence sensitivity was calculated according to the method of Lü et al. (2014), and all OSL/TL signals were normalized by the weight of quartz gains and the irradiation dose (Figure 3). In our study, all dose-response curves were fitted with an exponential function, and the slope of the tangent line corresponding to the regenerative dose at 5.16 Gy on the growth curve was taken as the corresponding TL or optically stimulated luminescence (OSL) sensitivity.
[image: Figure 3]FIGURE 3 | Response of regenerative doses (0 Gy, 2.58 Gy, 5.16 Gy, and 10.32 Gy) to the optically stimulated luminescence (OSL) signal for sample XS-2m. All dose-response curves were fitted with an exponential function, and the slope of the tangent line corresponding to the regenerative dose at 5.16 Gy on the growth curve was taken as the corresponding OSL sensitivity.
3 RESULTS
3.1 Characteristics of quartz OSL and TL signals of the eastern Tibetan Plateau loess
Figure 4 illustrates that the OSL signal and 110°C TL peak signal intensity of different aliquots of the same sample vary significantly, showing a discrete distribution of the total data for each sample. The difference in signal intensity is even greater between samples. The OSL signal intensity of XS-1m in the XS profile is the weakest, with OSL signal distribution ranging between 500 counts and 1,000 counts; while the OSL signal intensity of XS-4m is obviously the highest (1,000–16000 counts). The internal difference of OSL signal intensity of XS-4m is the largest in comparison with other samples. The highest OSL intensity occurs in WCH-0.6m and WCH-3m, with the OSL signal varying between 3 × 104 and 8 × 104 counts. The OSL signal in WCH-7m is relatively weak, with overall values of <800 counts. The intensity of the OSL signal in the ZQ profile is lower than that in other profiles, ranging from 100 counts to 6,000 counts, and a lower quartz 110°C TL peak is presented compared to the other sections. The intensity of the 110°C TL peak also varies largely between aliquots of the same sample and for different samples. The 110°C TL peaks in the ZQ and XS profiles have the weakest intensities among all samples. This discrepancy can be ascribed to the number of quartz grains contributing to the luminescence signal in each measurement aliquot and the different sizes of the luminescence sensitivities of the quartz grains (Pietsch et al., 2008).
[image: Figure 4]FIGURE 4 | Histogram of optically stimulated luminescence (OSL) and 110°C thermoluminescence (TL) signal characteristics of all samples from the XS, MC, XJ, WCH, and ZQ sections. (XS, Xinshi; MC, Machang; WCH, Wenchuan; XJ, Xiaojin; ZQ, Zhouqu).
3.2 Spatial and temporal characteristics of luminescence sensitivity
The quartz grains from the ETP loess-paleosol sequence show a good characteristic of luminescence signals and strong luminescence sensitivity. Spatial variations of the quartz luminescence sensitivity for all L1 samples are plotted in Figure 7, which shows the significant spatial differences in the luminescence sensitivity for loess at different locations in the ETP. The highest OSL and TL sensitivity occurs in the XJ and WCH loess, especially the WCH loess (falling into a distant region at the upper right in Figure 7), with TL sensitivity values above 8×103 counts/Gy/mg, and OSL sensitivity values above 6 × 103 counts/Gy/mg, followed by those of the XJ and MC loess, while the quartz grains of loess from XS and ZQ has the relatively weakest luminescence sensitivity. The OSL and TL sensitivity values of the XS loess are concentrated around 600 counts/Gy/mg and 530 counts/Gy/mg, respectively. And the OSL and TL sensitivity values of ZQ are distributed around 80 counts/Gy/mg and 200 counts/Gy/mg, respectively. Moreover, some overlap can be seen between the sensitivity values of XS samples and those of the MC and XJ sections (Figure 7).
Our results show a distinctive difference in the TL and OSL sensitivities of quartz from paleosol and loess layers at different sites in the ETP (Figure 5). The temporal variations of luminescence sensitivities in the XJ and WCH profiles are obviously higher than those of the other profiles. The higher sensitivity values in the XS and MC sections occurred in the S0 and L1S1 paleosol layers, and the Malan loess (L1) displays a lower luminescence sensitivity; whereas, the Malan loess of the XJ and WCH sections has significantly higher values than the paleosol layer. In addition, the differences between the loess and the Holocene soils (S0) are large compared with the sensitivity values of the weak paleosol (L1S1) in the ETP. The luminescence sensitivity values of the Holocene soil are slightly higher than that of the L1 in the MC and ZQ sections.
[image: Figure 5]FIGURE 5 | Variation of 110°C thermoluminescence (TL) peak (A) and optically stimulated luminescence (OSL) sensitivity (B) of quartz grains from loess-paleosol layers at different sites (locations shown in Figure 1). (XS, Xinshi; MC, Machang; WCH, Wenchuan,; XJ, Xiaojin; ZQ, Zhouqu).
4 DISCUSSION
4.1 Comparison of luminescence sensitivity with CLP loess
The OSL sensitivity comparison between the CLP and ETP loess is shown in Figure 6. In our study, the lowest OSL sensitivity of the L1 loess (approximately 215 counts/Gy/mg) appears in the ZQ section. The OSL sensitivity values of the XS, MC, and XJ sections are approximately 600 counts/Gy/mg, 1,060 counts/Gy/mg, and 7,000 counts/Gy/mg in the L1 loess accumulation period. The highest sensitivity value of approximately 9,310 counts/Gy/mg appears in the WCH profile in the L1 layer on the ETP. The Shimao section from the northern CLP has an OSL sensitivity for quartz grains (38–63 μm) of less than 100 counts/Gy/mg during the L1 loess accumulation period (Lü et al., 2021), while the OSL sensitivities of the L1 loess layer at Jingyuan (the particle size fraction used is 45–63 μm) and Luochuan (25–64 μm) are approximately 950 counts/Gy/mg and 1,230 counts/Gy/mg, respectively (Zhang, 2018). An OSL sensitivity value of approximately 333 counts/Gy/mg (38–64 μm) for the L1 was measured in the Xifeng profile (Li and Yang, 2022). In summary, the OSL sensitivity values of medium fraction quartz grains (38–63 μm) of TP loess were generally higher than those of quartz grains of the L1 layers of the CLP. The maximum OSL sensitivity of the ETP loess is 90 times the sensitivity values observed in the CLP, which implies that the dust sources may be different between the ETP and the CLP.
[image: Figure 6]FIGURE 6 | Comparison of optically stimulated luminescence (OSL) sensitivity observed for the L1 layer in the Chinese Loess Plateau and eastern Tibetan Plateau (JY, Jingyuan (Zhang, 2018), XF, Xifeng (Li and Yang, 2022); LC, Luochuan (Zhang, 2018), SM, Shimao (Lü et al., 2021); XS, Xinshi; MC, Machang; XJ, Xiaojing, WCH, Wenchuan, and ZQ, Zhouqu).
4.2 Factors affecting spatiotemporal luminescence sensitivity changes
The quartz luminescence sensitivity of sediment grains from different depositional environments is mainly influenced by the parent rock and transportation process (i.e., irradiation/bleaching cycles) (Pietsch et al., 2008; Fitzsimmons, 2011; Sawakuchi et al., 2018). Other factors such as heating histories, regional climate change, and soil-forming process potentially may also contribute to quartz luminescence sensitivity (Juyal et al., 2009; Rengers et al., 2017; Sawakuchi et al., 2018). In addition, variations in quartz grain size have significant effects on luminescence sensitivity. In general, the sensitivity values increase with smaller grain sizes (Li and Zhou, 2021; Li and Yang, 2022).
4.2.1 The effect of material source on luminescence sensitivity changes
Quartz grains are stable and weather resistant, so they retain significant information about their source rocks. Thus, they have the potential to identify the dust source regions (Sun and An, 2000; Rink et al., 2001; Qiao and Yang, 2006). In this study, the loess samples we selected are relatively young and have undergone relatively weak weathering processes. Generally, only silty to fine grains (<63 μm) can be transported long distances by wind suspension; sands or gravels can only be transported by saltation or creep (Pye, 1995). And the silt fraction greater than ∼40 μm is unaffected by the pedogenesis process (Wang et al., 2002). Therefore, the 38–63 μm quartz grains from the Malan loess samples were investigated because they are the main dust component of long-distance wind transmission, unaffected by pedogenesis, and carry information about the dust source (Fang, 1994; Yang et al., 2021b).
Our results show that the quartz luminescence sensitivities of loess samples from different locations in the ETP vary noticeably (Figure 7), suggesting that the quartz luminescence sensitivity may be used as a tool to track dust provenance. The dust in the ETP came from various deposits within the TP interior, including glacial–periglacial, alluvial/fluvial, lacustrine, aeolian, and slope deposits (Fang, 1994; Qiao et al., 2006; Ou et al., 2012; Yang et al., 2021b). The XS loess from the Ganzi Basin has a lower luminescence sensitivity, mainly because the XS loess is more affected by glacial–periglacial sediment content compared with other profiles (Fang, 1994), resulting in more quartz grains with relatively weak luminescence sensitivity. A certain overlap with the luminescence sensitivities of the XS, MC, and XJ loess samples occurs, which indicates that the source areas of these loess sections may be mixed. However, the luminescence sensitivity values of the MC and XJ loess sequences are significantly higher than those of the XS loess, which may indicate different dust sources in these sections compared to the XS profile. The highest luminescence sensitivity of the WCH loess, without overlap with other regions, shows a different source region with less contribution of dust materials produced by glacial activity. The luminescence sensitivity of the ZQ section is obviously different from that of other loess profiles on the Tibetan Plateau, but it is close to the luminescence sensitivity values of the CLP profiles (Zhang, 2018; Lü et al., 2021; Li and Yang, 2022). This may indicate that the ZQ loess has a similar dust source to the CLP loess. And, Fang et al. (1999) suggested that the loess of the West Qinling Mountains may mainly come from the neighboring northeastern Tibetan Plateau, so the “dim” source from North Tibetan Plateau may contribute to the lower luminescence sensitivities of the ZQ loess.
[image: Figure 7]FIGURE 7 | The 110°C thermoluminescence (TL) peak versus optically stimulated luminescence (OSL) sensitivity of quartz grains from the Malan loess (L1) in the eastern Tibetan Plateau and for the modern deserts in northwestern China (Lü and Sun, 2011). (XS, Xinshi; MC, Machang; WCH, Wenchuan; XJ, Xiaojin; ZQ, Zhouqu).
Significant temporal variations of luminescence sensitivity of quartz grains from loess-paleosol sequences have also occurred in the ETP. The higher sensitivity values in the XS, MC and ZQ sections occurred in the paleosol layers, and the glacial loess exhibits lower luminescence sensitivity; whereas, the Malan loess layers at XJ and WCH have significantly higher luminescence values than the paleosol layers (Figure 5), which can be mainly attributed to changes in the dust source area. Loess–paleosol sequences in the CLP have shown high luminescence sensitivity in paleosols and low luminescence sensitivity in loess layers, which is considered to be closely related to the sources of the quartz grains (Lai and Wintle, 2006; Lü et al., 2014; Lü et al., 2021).
4.2.2 Other factors affecting the luminescence sensitivity changes
Except for the material sources, other factors such as preburial transport history, heating history, and climate change also are suggested to have important influences on the quartz luminescence sensitivity changes.
The prior transport history, including the natural radiation/bleaching cycles from the source to the sink area, must also be considered as one of the factors affecting the luminescence sensitivity of quartz particles (Moska and Murray, 2006; Pietsch et al., 2008). In general, the more repeated irradiation–burial–exposure cycles, the higher the luminescence sensitivity of quartz grains (Pietsch et al., 2008). However, Liu et al. (2018) found that the luminescence sensitivities of quartz grains from Yellow River sediments were almost the same as those of quartz in the CLP, which indicates the limited impact of the transport–deposition process on luminescence sensitivity. The relationship between the total dose rate of quartz grains and the luminescence sensitivity is shown in Supplementary Figure S1 to investigate the effect of the natural irradiation process on luminescence sensitivity. The results showed a consistent trend between OSL and TL sensitivity, but no consistent change trend between the dose rate and luminescence sensitivity. The trends of OSL and TL sensitivity and total dose rate for the XS section were opposite to that of the luminescence sensitivity (Supplementary Figure S1A). Similar inconsistent variation patterns between luminescence sensitivity and dose rate also occur in the MC, XJ, WCH, and ZQ profiles. This pattern of irregular variations of the luminescence sensitivity and the total dose rate may suggest that luminescence sensitivity is less influenced by irradiation (Lü et al., 2021). In addition, dose rate does not show significant differences with depth in the ETP loess or the CLP loess (e.g., Yang et al., 2020; Lü et al., 2021; Li and Yang, 2022), therefore, we infer that irradiation is not the main factor influencing the quartz luminescence sensitivity of the ETP loess.
Wildfire heating also is suggested as a factor to change the luminescence sensitivity of quartz grains (Rengers et al., 2017). A significant increase in sensitivity values in the S1 layer of the Luochuan section is speculated to be related to wildfire events (Zhang, 2018; Zhang et al., 2022). Climate change can cause changes in the frequency and intensity of fires (Bowman et al., 2009). Microcharcoal preserved in soils is an ideal index and plays an irreplaceable role in understanding past fire histories (Patterson et al., 1987). The microcharcoal records of the XS section show that the large microcharcoal (>100 µm) contents are slightly lower in the L1S1 than in the loess layer (L1), indicating that local natural fire events are not important in the L1S1 stage (Tang et al., 2022). However, the higher sensitivity values in the XS section occurred in the L1S1 paleosol layer, and the lower sensitivity values occurred in the last glacial loess (L1). Therefore, we infer that wildfire heating was not the main factor in the increase of sensitivity values for the XS loess.
In our study, the differences in quartz luminescence sensitivities of the ETP loess and the CLP loess can be mainly attributed to different dust sources. The relatively high luminescence sensitivity of the XJ and WCH profiles can be ascribed to the brighter quartz grains from the source region, while the relatively low sensitivity values of the XS and ZQ loess profiles may be related to a different source area with more “dim” quartz grains that originated in glacial deposits. However, the transport process may have a relatively minor effect on the luminescence sensitivity of quartz grains (Liu et al., 2018). Recent studies on the loess-paleosol sequence in the CLP, such as at Xifeng (Li and Yang, 2022), Luochuan (Lü et al., 2014), and Shimao (Lü et al., 2021), showed that the OSL and TL sensitivities are consistent with glacial-interglacial variations. The similar variations between the quartz OSL/TL sensitivities and the climatic records (such as magnetic susceptibility and grain sizes) may imply luminescence sensitivity has a close relationship to climate changes (Lü et al., 2014; Lü et al., 2021; Li and Yang, 2022), but the causes and mechanisms of these similarities need further investigations.
4.3 Provenance implications for the eastern Tibetan Plateau loess based on quartz luminescence sensitivities
Numerous investigations have shown that the quartz luminescence sensitivity holds great potential for tracing eolian dust sources (Lü and Sun, 2011; Sawakuchi et al., 2018; Lü et al., 2021). From the analysis in Section 4.2, the difference in the luminescence sensitivities of ETP loess samples is thought to be a response to variations in the material sources. Figure 7 shows the significant spatial differences in the luminescence sensitivities for loess at different locations in the ETP. The quartz grains of XJ and WCH profiles exhibit the highest OSL and TL sensitivities, especially the XJ loess, followed by that of the MC loess, while the quartz grains from XS and ZQ have the relatively weakest luminescence sensitivity. In addition to the obvious spatial differences in luminescence sensitivities, there are also obvious vertical variations in the loess-paleosol profile, which are manifested as large differences in the sensitivity values between the loess and paleosol layers in different regions of the ETP (Figure 5). We infer that the spatial and temporal variations in quartz luminescence sensitivity may indicate internal differences in sources of the ETP loess.
The broad deserts in northwest China and the adjacent regions have been regarded as important sources of Chinese loess (Liu and Ding, 1998; Engelbrecht and Derbyshire, 2010), which may also potentially contribute to the ETP loess. However, our results show significant discrepancies in quartz luminescence sensitivities between the ETP loess and the deserts in northern China (including the Gurbantunggut, Taklimakan, Kumtag, Qaidam, and Mu Us) (Figure 7). The OSL sensitivities of quartz grains (90–125 μm fraction) in these deserts of northern China range from 40 counts/Gy/mg to 140 counts/Gy/mg, and the TL sensitivities range from 150 counts/Gy/mg to 1,260 counts/Gy/mg (Lü and Sun, 2011). The sensitivity values of the northern China deserts are close to those of the ZQ loess near the CLP, while they are significantly lower than those of the other Malan loess samples in the ETP (Figure 7). The significant differences in the luminescence sensitivity values may suggest that the northwestern deserts in China were not the main dust source of the ETP loess. It should be noted that due to limited data, we cannot compare the luminescence sensitivity with the same grain size for these two regions, which may introduce some uncertainties. Previous studies have shown that the ETP loess is mainly from the interior of the TP; the northwestern arid zone of the TP is not its main source (Fang, 1994; Yang et al., 2010; Yang et al., 2021b). Our results also show that the ETP loess was mainly sourced from the interior of the Tibetan Plateau, indicating the Tibetan Plateau is an important dust source area. The abundant dust materials derived from the vast west and central Tibetan Plateau can be transported by the westerlies and the plateau winter monsoon, and finally deposited in the ETP (Fang et al., 2004; Yang et al., 2021b). Due to the vast area of the Tibetan Plateau, with significant differences in topography and environment, more research is needed to precisely identify the dust source region of the ETP loess.
5 CONCLUSION
Based on the analysis and comparison of the luminescence sensitivities of sedimentary quartz from loess at different sites in the eastern Tibetan Plateau, the main conclusions are drawn as follows: The 110°C TL peaks and OSL sensitivities of quartz from different regions of the ETP loess vary widely, especially in the XJ, MC, and WCH samples, which are significantly higher than those of ZQ and XS. The luminescence sensitivity values of quartz are obviously different in loess and paleosol from different areas of the eastern Tibetan Plateau. The luminescence sensitivity of quartz in the ETP loess mainly reflects the variation of dust sources, and the luminescence sensitivity has the potential as an important tool for dust source tracing.
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