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The C1 coal of Latest Permian during mass extinction in eastern Yunnan was studied to reveal the terrestrial paleoenvironment and influence of geological events on coal-formation during mass extinction. An analysis of Rare Earth Elements (REEs) was conducted on the C1 coal from the Yantang Mine of Xuanwei, eastern Yunnan Province, which was deposited during the latest Permian. A total of 24 samples from coals, partings, roofs and floors from the C1 coal were taken from the fresh face in the underground mine. The results of the REEs analysis indicated that the total REE content (∑REE) in the C1 coal varies from 23.99 μg/g to 267.94 μg/g, averaged 122.69 μg/g. The C1 coal is enriched in light REE (LREE) relative to heavy REE (HREE), signifying the fractionation between LREE and HREE. Most samples of the coal seam C1 are depleted in Eu in various degrees and slightly depleted in Ce, especially two partings in sub-seams B1 and B3 which show the significant negative Eu anomalies. The geochemical characteristics of REE reveal that the C1 coal was deposited in a weak oxidation environment; the sedimentary environment was turbulent during the middle-later stage of coal-forming process; the C1 coal was affected by the basalt clastic materials from the Khangdian Oldland and acidic synsedimentary volcanic ash in the coal-forming period. The geochemical characteristics of Tonsteins in C1 coal are similar to those of marine Permian-Triassic boundary (PTB) volcanic ash layers in South China, which are both derived from the felsic volcanism caused by the closure of the Paleo-Tethys at the southwestern margin of the South China. Furthermore, the C1 coal was also affected by the eruption of Siberian large igneous province (SLIP) in the early stage.
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1 INTRODUCTION
Rare Earth elements (REEs) present relatively stable chemical properties as well as a high degree of uniformity, and are easily preserved in a geologic body after sedimentation. The information about the sediment provenance that REEs carry is not easy to lose and is little affected by metamorphism. Therefore, REEs have been used as powerful geochemical indicators to reflect provenance compositions and changes, and provide geochemical evidences for the formation and evolution of coal seams (Wang et al., 2008; Xie et al., 2014; Arbuzov et al., 2018). At present, many studies on REEs in coals have been focusing on the characteristics of contents and the spatial distribution, occurrence, distribution pattern, provenance analysis and primary sedimentary environment of coals (Hao et al., 2004; Ren et al., 2006; Wu et al., 2013; Liu et al., 2015; Munir et al., 2018; Hedin et al., 2019; Ulrich et al., 2019). However, fewer studies have focused on the relationships between the geochemical characteristics of REEs and special geological events.
End-Permian time is one of the most important critical transition in geological history, and the largest mass extinction occurred at the Permian-Triassic transition (Wang et al., 2018; Guo et al., 2022). As the last coal deposited at the end Permian, the C1 coal recorded the terrestrial paleoenvironment changes during mass extinction (Wang et al., 2018), the geochemical characteristics of C1 coal may be closely related to the event. The geochemical characteristics of trace elements other than REEs have been studied by Shao et al. (2015), and they proposed that enriched elements mainly derived from continental weathering of the Emeishan basalt, synsedimentary volcanic ashes and medium-low temperature hydrothermal fluid. REEs, however, are more reliable tracers to reveal provenance and paleoenvironment, and can better constrain the environment and biological evolution events (Tian et al., 2014). In this paper, systematic REEs geochemical analyses of the latest Permian C1 coal in Xuanwei county have been conducted, combined with previous research results about major and trace elements in C1 coal to accurately trace the provenance change during the coal forming (Shao et al., 2015), reveal the sedimentary environment and tectonic background of coal forming, and discuss a series of geological events occurred on land during the mass extinction at the latest Permian, especially the effects of volcanic activities on coal-formation.
2 GEOLOGICAL SETTING
Xuanwei County is located in the eastern Yunnan Province and adjacent to the west Guizhou Province (Figure 1), which was tectonically located in the western part of the South China cratonic basin during the Late Permian (Shao et al., 2013). The siliciclastic sediments in this area were supplied predominantly by the Khangdian Oldland to the west. Meanwhile a long-term gradual easterly transgression throughout Late Permian provided sufficient accommodation space for the development of this important latest Permian coal province (Wang et al., 2011; Shao et al., 2013). The C1 coal is widely distributed in eastern Yunnan, mainly located in Xuanwei, Fuyuan and Weining areas, and lied in the uppermost portion of the Xuanwei Formation of Late Permian. The Xuanwei Formation unconformably underlaid by the Emeishan Basalt, and is conformably overlaid by the Kayitou Formation of Early Triassic (Figure 2). In the Xuanwei area, this formation consists mainly of grey fine-grained sandstone, siltstone and mudstone, some volcanic ash beds, and numerous coal seams including the C1 coal seam at its top (Wang et al., 2012). The Xuanwei Formation of Late Permian is mostly made of continental fluvial deposits (Wang et al., 2011).
[image: Figure 1]FIGURE 1 | Location of the Yantang mine, Laibin Town, Xuanwei county, Yunnan Province (cited from Wang et al., 2018).
[image: Figure 2]FIGURE 2 | The stratigraphic section of mineable coal seam and sampling horizons of the Yantang Mine.
3 SAMPLING AND EXPERIMENTAL METHODS
3.1 Sample description and basic data
Samples were collected from the Yantang Mine of Laibin Town, Xuanwei County, and the coal seam C1 is the only minable seam in this mine which included three sub-seams B1, B2, and B3 in descending order. Within the sub-seam B1 and B3, a 5 cm-thick Tonstein (kaolinite claystone altered from volcanic ash) layer exists (Figure 2). The total of 24 collected coal-seam channel samples including coal, Tonstein, roof and floor, were taken from the fresh face of the underground mine. The sampling site was located at N 26°18′18″ and E 104°08′35″ and the samples were collected with a vertical spacing of about 10 cm. All samples collected were at least 1 kg in weight and were immediately stored in plastic bags to ensure as little contamination as possible. The method of sample collection followed the Chinese National Standard for Collecting Channel Samples GB/T 482-2008.
The partial proximate analysis, sulfur contents and vitrinite reflectance of C1 coal are presented in Table 1. The analytical data show that all samples are bituminous coal with a medium-high ash yield, ultralow total sulfur content and low-medium volatile content. According to coal ash classification (GB/T 15224.1–94), the coal samples B1-1 and B2-3 are classified as mixture of coal and mudstone since their ash yields exceeds 50%. Therefore, these are not included in the discussion of the C1 coal in the present paper.
TABLE 1 | Partial proximate analysis, sulfur contents and vitrinite reflectance in coals from the Yantang Mine in Xuanwei, Yunnan (%).
[image: Table 1]3.2 Analytical methods
The bulk samples were air-dried, crushed, ground to less than 200-mesh and dried for 2 h in a drying oven at 105°C∼110°C. The samples were then preprocessed by low-temperature airproof acid digestion, whose detailed procedure is described hereafter. An accurately weighed sample of 0.0500 g was mixed with 1 ml of HF, 3 ml of HNO3 and 1 ml of HClO4 in a dedicated 25 ml digestion vessel. After the cap assembles were sealed, the vessel was put into a low-temperature electric warming plate for heating at 125°C for 24 h. Finally, the residue was dissolved with 1% HNO3 and then transferred to a 50 ml volumetric flask. The prepared samples were then determined for their REE compositions using the inductively coupled-plasma mass spectrometry (ICP-MS) (Finnigan MAT), with the relative analysis error of ±5%, according to the “GB/T 14506.30–2010”. The REEs testing was performed at the Analytical Laboratory of Beijing Research Institute of Uranium Geology. The final results were reported as the µg/g in coal with a dry basis for each sample.
4 RESULTS
The contents of REEs and other trace elements in the C1 coal obtained by ICP-MS analysis are presented in Tables 2, 3. The total REE content (∑REE) in C1 coals (excluding roof, floor and Tonstein) varies from 23.99 μg/g to 267.94 μg/g, averaged 122.69 μg/g, which is slightly lower than that of average Chinese coal with 135.89 μg/g (Dai et al., 2012). Compared with the Late Permian coal in the adjacent area, the average ∑REE in C1 coal is slightly lower than that of Yueliangtian coals from Panxian county, western Guizhou (136 μg/g, marine and continental transitional environment, cited from Wang et al., 2017), but higher than that of continental coals from Shizong county and Fuyuan county in eastern Yunnan (101 μg/g and 105.9 μg/g, respectively, cited from Wang et al., 2017 and Wang et al., 2012). The ∑REE of the roof and floor strata ranges from 212.39 μg/g to 458.89 μg/g, averaged 326.01 μg/g, which is 2.65 times of that of coal, indicating that the total amount of REEs in mudstone is significantly higher than that of coal. However, there is not significant vertical variation of REE contents among benches of individual coal seam, as seen from Figure 3.
TABLE 2 | REE contents of the late permian coal seam samples from the Yantang Mine, Xuanwei, Yunnan (µg/g).
[image: Table 2]TABLE 3 | The REE and elements data of the late permian coal seam samples from the Yantang Mine, Xuanwei, Yunnan.
[image: Table 3][image: Figure 3]FIGURE 3 | Stratigraphic distribution of patterns of ∑REE, δEu, δCe and Zr/Hf in all coal samples from Yantang Mine, Xuanwei, Yunnan.
The REEs contents of chondrites were taken from Herrmann (Hao et al., 2004) and the chondrite-normalized REE distribution patterns of all samples from the seam C1 are showed in Figure 3. All of the curves show a certain slope and are tilted to the right. The curves of Light REE (LREE) are slightly sloping compared with Heavy REE (HREE). The samples from seam B1 and B3 show a similar distribution trend respectively, while the curves of samples from seam B2 are haphazard. The (La/Yb)N ratios of all samples change from 0.50 to 33.19, with an average value of 6.73, indicating that LREE were significantly enriched relative to HREE. This is consistent with all other studies which reveal the predominance of the LREE relative to HREE.
Most samples of the C1 coal are depleted in Eu at various degrees, with δEu values ranging from 0.55 to 1.00 for an average of 0.74, and with a peak negative value (0.30) appearing in Tonstein B3-4. The δCe value of C1 coals show slightly negative or free anomalies, ranging from 0.76 to 1.12, averaged 0.85.
The REE patterns may be subsequently altered to a variable extent by post-depositional, diagenetic exchange or surface weathering (Zeng et al., 2001; Blake et al., 2017). As a special organic sedimentary rock, coal may also be affected by the above-mentioned factors during the coal-forming process, which could affect REEs fractionation and enrichment. For instance, δCe value easily changes due to diagenesis, which then leads to a significantly positive correlation between δCe and δEu, a significantly negative correlation between δCe and (Dy/Sm)N, and a significantly positive correlation between δCe and ∑REE (Shields et al., 2001; Zeng et al., 2011; Qu et al., 2018). To confirm the influence of diagenesis on samples from seam C1, the above three correlation coefficients are calculated as -0.10, 0.15 and 0.18, respectively (Figure 4). The correlation values are not significant, showing that diagenesis has very little influence on the Ce anomaly in the C1 coal. In consideration of this result, the Ce anomaly is regarded to reflect the characteristics of the terrestrial environment during sedimentary period as it represents the information of the original samples.
[image: Figure 4]FIGURE 4 | δCe correlate with δEu, (Dy/Sm)N and ∑REE in the C1 coal of Yantang Mine, Xuanwei, Yunnan.
5 DISCUSSION
5.1 Sedimentary environment
Ce anomaly is an effective redox indicator, which can be used to analyze sedimentary environment and paleo-water medium conditions. The δCe greater than 1 indicates a reducing condition, while that less than 1 reflects a more oxidizing condition (Qu et al., 2018). In general, the negative Ce anomaly indicates the marine sedimentary environment, while the mafic basalt has slightly positive or free Ce anomaly (Zhao et al., 2019; Wang et al., 2020). The δCe of samples from the seam C1 are mostly between 0.76 and 0.92, averaged 0.84, indicating a slightly negative Ce anomaly (Table 3 and Figure 3), which is significantly different from the REE characteristics of seawater (Qu et al., 2018; Huang et al., 2019). Therefore, the influence of sea water can be excluded. The above discussion of δCe in samples from seam C1 suggested that the coal-forming peatland was affected by the input of basic basalt clastic materials from the Khangdian Oldland, and the coalforming peatland was in weak oxidation environment.
In addition, Ceanom is also widely used in the identification of paleoredox conditions. The Ceanom is greater than 0 indicates water hypoxia, while that less than 0 reflects oxidized water (Tian et al., 2018). Most Ceanom of samples from seam C1 are less than 0 (Table 2), indicating the weak oxidation environment of coal-forming peatland. Only a few samples in seam B2 have Ceanom greater than 0, indicating that peatland oxidation and reduction environments alternate during coalforming, suggesting a turbulent coal-forming environment.
5.2 The character of volcanic ash
Eu anomaly is inherited from the source rock, and as such Eu is generally recognized as an indicator of the nature of provenances. Basalt shows mostly no negative Eu anomaly, while granite and other acidic rocks present obvious negative Eu anomaly (Chen et al., 1990; Wang et al., 2019). Since the main provenance area of the coal-bearing basin in the study area is basalt (and its weathering and alteration products) originating from Khangdian Oldland, there should be no Eu anomaly in the C1 coal samples. However, most coal bench samples of the C1 seam are depleted in Eu at various degrees (Figure 3 and Table 2), except those at the roofs and floors and their vicinity. According to the sedimentary sequence of the C1 coal, the bottom coal of seam B3 that was first deposited has no Eu anomaly, and then the degree of negative Eu anomaly increases gradually upward, and reaches the maximum value of the whole coal seam rapidly at Tonstein B3-4 (δEu is 0.30), and then decreases rapidly upward. There was no Eu anomaly in the floor and bottom coal of the sub-seam B2 which deposited followed by the sub-seam B1, and the degree of negative Eu anomaly increased slowly from the bottom of sub-seam B2 upward to sub-seam B1 (B1-4) and Tonstein (B1-3), reaching the maximum Eu negative anomaly, and then the Eu negative anomaly decreased rapidly. The Eu negative anomaly degree of Tonstein B1-3 is significantly lower than that of B3-4, which may be caused by the input of acidic volcanic materials, and acidic volcanic activities are more intense during the B3 coal-forming period.
The Al in normal igneous rocks resides mostly in feldspars and the Ti in mafic minerals. Therefore, the Al/Ti ratio is an important parameter to determine the parent rock composition. Generally, basic rock with a Al/Ti ratio of 3–8 and intermediate rock with a Al/Ti ratio of 8–21, 21–70 indicate acidic rock (Hayashi et al., 1997). The Al/Ti ratio of Tonstein B1-3 and B3-4 is 42.62 and 62.95, respectively, whereas that of most coals is between 9.45 and 41.39 (Table 3). Integration of δEu and Al/Ti ratios suggest that there were twice significantly acidic volcanic activities during coal-forming (Figure 7A).
Tonstein is the preserved “relic” of volcanic activity, the δEu with 0.56 and 0.30 of Tonstein B1-3 and B3-4 are very close to that of five typical PTB ash beds in South China (He et al., 2014; Tan et al., 2019), so it is inferred that the two volcanic activities are the same provenance with those indicated by the PTB volcanic ash layer in South China. Furthermore, the similar shaped curves and negative Eu anomaly indicate that the Tonsteins and ash beds have the same REE origin from volcanic rocks related to plate subduction (Siberian Traps) (Widiatama et al., 2021) (Figure 5).
[image: Figure 5]FIGURE 5 | Chondrite-normalized REE patterns of the tonsteins in the C1 coal, PTB volcanic ashes and subduction-related rock.
5.3 Source and tectonic background of the C1 coal
REEs have special geochemical characteristics, and are stable during weathering, erosion, transportation, deposition and early diagenesis. Therefore, the REEs have been used to infer the material source of sediments (Bai et al., 2015; Tian et al., 2018; Qu et al., 2018). The different chondrite-normalized patterns of sub-seam B1, B2 and B3 (Figure 3) show different coal-forming process. With few exceptions, the distribution curves of REEs in the first deposited sub-seam B3 are most similar, indicating the stable and single provenance. The distribution curves and abundance of REEs in samples from the sub-seam B2 have more variability than sub-seam B3. In addition, Ceanom of samples reflected that the oxidation and reduction environment appeared alternately during coal-forming of sub-seam B2. All of the above results indicate that the sedimentary environment of peat swamp was relatively turbulent and the provenance was unstable during this period. The distribution curves of REEs in the latest sub-seam B1 are slightly different. Besides, the abundance of ∑REE in top coal suddenly decreases, inferred that the input of terrigenous substances replaces the paleoplant, and finally leads to the termination of coal-forming process.
Diagrams of w(La)/w(Th)—w(Hf) is commonly used to discriminate the source rocks and tectonic setting (Bai et al., 2015; Qu et al., 2018). The result shows that coals from the seam C1 are from multiple sources, such as tholeiite, andesite island arc, felsic and basic rocks (Figure 6). Tonsteins, seam roofs and floors are plotted mainly into the felsic and basic rocks area (Figure 6). All samples from the seam C1 are deposited in the passive continental margin.
[image: Figure 6]FIGURE 6 | w(La)/w(Th)—w(Hf) discrimination diagram for provenance attribute Data of Zr and Hf are cited from Shao et al. (2015).
Tonsteins in the seam C1 classify as acidic rock on the Al2O3 versus TiO2 and diagram of Nb/Y—Zr/TiO2 (Figures 7A,B), and Tonsteins originate from felsic magmatic arc.
[image: Figure 7]FIGURE 7 | (A) Zr versus Ti diagram (modified from He et al., 2014), (B) plots of mass fractions of Al2O3 versus TiO2, and (C) Zr/TiO2 versus Nb/Y diagram (modified from He et al., 2014).
Integration of dispersion of coal samples plotted in above diagrams and variation of distribution curves of REEs, it can be inferred that the provenance of C1 coal is complex and influenced by the input of basalt and acidic volcanic ash during coal-forming process (Figures 3, 6, 7). Concretely, the roofs and floors originated from the basalt clastic materials of the KhangDian Oldland, while the Tonstein layer is derived from the acidic synsedimentary volcanic ash. Based on the dual influence of volcanism and basic basalt clastic material, the source rocks of the coal seam C1 show basic, intermediate and acidic (Figure 7A).
5.4 The relationship between coal formation and volcanic activity
During the Permian-Triassic, the Paleo-Tethys along a subduction zone between the South China and Indochina cratons closed gradually, and Indochina Plate moved rapidly northward and collided with other plates, consequently felsic volcanic activities were extraordinarily active(Cawood, 2005; Wang et al., 2019; Zhao et al., 2019) (Figure 8A). During one eruption, dust nanoparticles can travel thousands of kilometers through the stratosphere and affect all areas of the Earth for years (Ermolin et al., 2018). The volcanic ash falling to South China was altered in different sedimentary environments to form kaolinite, illite or illite/smectite, such as Tonsteins interbedded in C1 coal from Xuanwei area and five typical marine PTB sections in South China (Figures 8B,C) (He et al., 2014; Wang et al., 2018). Multiple volcanic claystone beds are widely developed in South China, which become more frequent and thicker towards southwest margin of Yangtze, indicating that the source of PTB tuff and volcanic claystone is in the southwest margin of the Yangtze Plate (Sun et al., 2013; Wang et al., 2022). Recently, previous studies on the source of PTB volcanic ash in South China have shown that, the PTB volcanism occurred near southwest South China and their adjacent convergent continental margin due to the closure of Paleo-Tethys. Furthermore, volcanic ash derived from subduction-zone arc between South China and Indochina cratons, which is not the trigger of PTB mass extinction due to limited eruption (Isozaki et al., 2007; Zhao et al., 2013; He et al., 2014; Wang et al., 2018; Wang et al., 2019; Zhao et al., 2019; Hou et al., 2020).
[image: Figure 8]FIGURE 8 | (A) Global paleogeography at late permian (Changhsingian) (modified from Metcalfe, 2013; Wang et al., 2019); (B) Potential volcanic ash source areas and inferred direction of ash transport (A→B) in South China and Indochina area during late permian (modified from Wang et al., et al., 2018; Zhao et al., 2019); (C) Composite cross-section of Late Permian South China and Indochina Craton, showing subduction of the Paleo-Tethys Plate beneath the Indochina Craton margin (modified from Wang et al., 2018; Zhao et al., 2019). Abbreviations in A: STLIP-Siberian Traps Large Province; NC-North China; SC-South China; In-Indochina Craton; B: DP-Dongpan, XW-Xuanwei, SS-Shangsi, RCP-Rencunping, CT-Chaotian, MS-Meishan.
The age of Tonstein (252.0 ±2.3 Ma, Wang et al., 2018) of the sub-seam B1 overlaps with age of granite (235–252 Ma, Ma et al., 2019) as evidence of subduction-zone, and Xuanwei area is immediately adjacent to the continental magmatic arc of the southwest margin of the South China at the End-Permian (Wang et al., 2018). By comparing REE patterns of two Tonsteins, five typical PTB volcanic ash layers, volcanic rocks related to subduction and Siberian traps (Figure 5) (He et al., 2014; Liu et al., 2015), it is found that the distribution curves of the first three are very similar, except the last one, mainly due to the absence of negative Eu anomaly. In addition, the REE patterns of Tonsteins are slightly different from those of PTB volcanic ash layers, such as little fractionation of LREE and HREE and flatter distribution curve, which may be caused by the volcanic ash falling in different sedimentary environments. Tonsteins were deposited in continental fluvial sedimentary environment, and the input of terrigenous materials tends to flatten the distribution curves of REE, which is different from the marine PTB volcanic ashes (Liu et al., 2018). The diagrams of Al2O3-TiO2, Nb/Y-Zr/TiO2 and Zr-Ti (Figure 7) also confirmed that the two layers of Tonstein derived from volcanic magmatic arc and were acidic, which was different from the basic SLIP (Kamo et al., 2003). Therefore, it was inferred that Tonsteins in the C1 coal were from felsic volcanism of the End-Permian, rather than SLIP.
Significantly, the bottommost coal sample B3-7, which has been plotted in the SLIP area (Figure 7C), and its δEu of 0.99, Al/Ti of 5.14, REE pattern curve and diagram of w(La)/w(Th)-w(Hf) and Zr-Ti, indicating that it has been affected by basic basalts. It is further confirmed that C1 coal was influenced by SLIP in its early stage. Compared with Indochina craton, SLIP and eastern Yunnan Province are more far apart. However, the SLIP is known as the largest continental volcanic event since Phanerozoic, and volcanic ash nanoparticles can transport to worldwide. With the overlap between constraint on SLIP eruption and C1 coal forming, therefore it can be inferred that the C1 coal was affected by SLIP in the early stage of coal forming.
6 CONCLUSION
The C1 coal from Xuanwei County, Yunnan Province contains two layers of Tonstein. REEs, several major and trace elements data indicate the following:
(1) The total REE content of the C1 coal ranges from 23.99 to 267.94 μg/g, averaged 122.69 μg/g. C1 coal samples are enriched in LREE relative to HREE and show significant fractionation between LREE and HREE. Most samples including coals, Tonsteins, roofs and floors present varying degrees of negative Eu anomaly, especially two Tonsteins in sub-seam B1 and B3 with the significant negative Eu anomalies. Most samples of the seam C1 are slightly depleted in Ce.
(2) The C1 coal-forming peatland was affected by the input of basic basalt clastic materials from Khangdian Oldland and acidic volcanic ash. The C1 coal was deposited in a weak oxidation environment, and experienced turbulent environment during the middle and later stage of coal-forming period.
(3) The geochemical characteristics of Tonsteins in the C1 coal are similar to those of the marine PTB volcanic ash layers in South China, which are both derived from the felsic volcanism caused by the closure of the Paleo-Tethys at the southwestern margin of the South China. Furthermore, the C1 coal was also affected by the eruption of SLIP in the early stage.
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B-l 186 6336 1213 024 003 018 003 128
B2 090 4821 1415 012 001 010 001 1.26
B,-4 112 2832 20.30 0.10 bdl 0.07 0.03 1.37
B-5 116 4029 1691 006  bdl 005 0.01 131
B-6 091 3211 1695 017 bdl 016  0.01 1.2
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M, moisture; A, ash yield; V, volatile content; ad, air dry basis; d, dry basis; St, total
sulfur; Ss, sulfate sulfur; Sp, pyritic sulfur; So, organic sulfur; Roav, average vitrinite
reflectance. All data in Table 1 comes from Shao et al.. 2015.
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Chondritic values by Herrmann are used for normalization with the modification of REEs (Hao et al, 2004); YREE=LREE+HREE; LREE=La+Ce+Pr+Nd+Sm+Eu;
HREE=Gd+Tb+Dy+Ho+Er+Tm+Yb+Lu; L/H=LREE/HREE; (La/Yb)y =Lay/Yby; SEu=Euy/(SmyxGdy)'"; 8Ce = Cex/(LaxxPry) N stands for chondrite normalization; Data of Ti and
Al are dtad fromn Shas e al. 2015,
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