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Part 1. Sedimentology and depositional environment of the CGC site  

From the bottom to the top, samples were collected from three subsections at the CGC site,  

within the same gully.  

1.1  Site CGC-3 34.3147°N, 109.5087°E  

Site CGC-3 (Fig. S1, right) is the lowest part of the CGC sequence. The total thickness  

is 137.5 m, with a dip direction of 165 ° and an inclination of 13 °. The entire profile is  

characterized by the frequent alternation of fine-grained massive sandy mudstone (Fm) and  

coarse sediments (sandstone (Sm), conglomeratic massive sandstone (Sm+c), massive or  

crudely-bedded sandy clast-supported conglomerate (Gm)). Pale olive (5Y6/3) mottles are  

common in the fine-grained massive sandy mudstone (Fm). The sequence indicates a  

typical sedimentary environment with frequent alternations of flood flows and overbank  

deposition. The upper 10 m is reddish brown (5YR4/4) mudstone (Md), similar to site  

CGC-2 and the bottom part of site CGC-1.  

1.2  Site CGC-2  34.3101°N, 109.5057°E  

Site CGC-2 (Fig. S1, middle) is the middle part of the CGC depositional sequence,  

located ~580 m southwest of site CGC-3. The total thickness is 40 m, with a dip direction  

of 160° and an inclination of 8°. The lithology is mainly reddish-brown (5YR4/4) mudstone  

(Md) with overlying dark reddish brown (2.5YR3/3) clay sediments (Cly) which are much  

finer and darker than the massive sandy mudstone (Fm); the weakly-laminated silt and clay  

may indicate a water-lain settling. The thick reddish brown mudstone and dark reddish  

brown clay may result from suspension settling in shallow lake environments that were  

usually below wave base, or in areas with weak wave energy, but not deep enough to  
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provide reducing conditions; they were later modified by post-depositional reddening  

under oxidizing conditions.   

There are three sets of gravel (Gm) or conglomeratic sandstone (Sm+c) layers at the  

bottom, middle and top, respectively. The conglomerate facies are mainly massive or  

crudely-bedded sandy clast-supported conglomerate (Gm). This facies was produced by  

gravel-bed streams or low-relief longitudinal bars. The clasts are sub-rounded to rounded,  

with a better roundness and sorting ranging from 5-10 cm. The pale olive mottling  

associated with root activity is less frequent in the mudstone (Md) and in the massive sandy  

mudstone (Fm), indicating reduced subaerial exposure in a less energetic sedimentary  

environment. There is a mudstone layer beneath the lowest sandy conglomerate layer;  

however, deeper sampling was not possible and therefore we collected samples from site  

CGC-3, which is below CGC-2, from field observation. The upper part of CGC-2 consists  

of two conglomeratic sand and gravel layers interbedded with a mudstone layer, which is  

similar to the lower part of CGC-1. The lower part is 15-cm-thick dark reddish-brown  

(2.5YR3/3) clay sediments (Cly) and underlying thick reddish-brown (5YR4/4) mudstone  

(Md).   

  1.3  Site CGC-1 34.3053°N, 109.5006°E  

Site CGC-1 (Fig. S1, left) is the upper part of the CGC sequence, located ~710 m  

southwest of site CGC-2, with a dip direction of 160° and an inclination of 8°. The total  

thickness is 109.5 m. The major lithology is thick yellowish red (5YR6/6) sandy mudstone  

with interbedded yellow (10YR8/6) conglomeratic sand layers, or occasional gravel layers.  

Fine-grained deposits are generally pervasive, sheet-like and extend laterally for tens of  

meters; they are composed of massive sandy mudstone (Fm). Gradational contacts  

indicated by color and lithology are common within the fine-grained units, but the  



 
 

boundaries between fine-grained units (Fm, Fm+c) and coarse units (Gm, Gms, Sm+c) are  

always sharp. Paleosol is present, with a massive structure and pale olive (5Y6/3) mottling,  

which is common in the fine-grained units, and typically occurs as anastomosing networks  

or patches. In some cases, the mudstone and sandy mudstone can be conglomeratic or gritty  

(Fm+c), which is also structureless, due to post-depositional processes such as pedogenesis  

and bioturbation, caused by large tetrapods walking on a floodplain (14). We recognize  

this fine-grained facies association as floodplain deposits, in the form of suspension settling  

during lower flow regimes and waning floods (47). In addition, the 10-m-thick reddish  

brown (5YR4/4) mudstone (Md) with overlying 20-cm-thick dark reddish brown  

(2.5YR3/3) clay sediments (Cly) at the bottom of the CGC-1 section is much finer than the  

massive sandy mudstone (Fm). Lithologies are mixtures of clay and silt, without sand clasts.  

It is used as a marker layer to correlate with the top part (CGC-2) of the whole sequence.  

The top 20 cm of dark reddish-brown (2.5YR3/3) clay sediments (Cly) show weak  

laminations, indicating original structures. This thick mudstone indicates a consistently wet  

environment with minor fluctuations (47), and is defined as a shallow lake deposit.  

Coarse-grained deposits are composed of crudely horizontally-stratified clast- 

supported conglomerates (Gm), matrix-supported conglomerate (Gms), conglomeratic  

sandstone (Sm+c), and massive sandstone (Sm). The conglomerate facies are mainly  

massive or crudely-bedded sandy clast-supported conglomerate (Gm). The clasts are sub- 

rounded to rounded. The conglomerate beds can vary from 1 m to 4 m in thickness and can  

extend laterally for tens of meters. The conglomerate facies are usually accompanied by  

conglomeratic sandstone (Sm+c) and massive sandstone (Sm). The basal boundaries of the  

units are usually sharp. The wide distribution of particle size, erosional bases, and weak  

stratification indicate gravel-bed streams or low-relief longitudinal bars with highly  

concentrated sediment dispersion and high-magnitude flood events (48). At some levels,  



the conglomerate facies occur in the form of matrix-supported conglomerate (Gms), which  

reflects poor sorting, a clay to pebble matrix, with almost no imbrication and lacking cross- 

stratification; it has a sharp contact with the upper and lower strata. The thickness of this  

facies is up to 4 m. Gms appear to be ungraded and have variable clast sizes, with the range  

of 5-40 cm, with floating outsized clasts in the mud matrix, indicating that it was deposited  

by debris flows on alluvial fan lobes.   



 

  

Fig. S1    



 

Section logs and their stratigraphic correlation in the Changgoucun (CGC) 

sedimentary sequence. From bottom to top, samples were collected from three 

subsections at site CGC in the same gully (CGC-3, CGC-2 and CGC-1, respectively).  



 

Part 2 Interpretation of the high sedimentation rate within chron C3n.2n 

On the basis of the age constraints for each polarity zone, we calculated the 

sedimentation rate for each zone (Fig. S2). Although average sedimentation rates remain 

relatively constant, the interval of chron C3n.2n suggests an unusually high sedimentation 

rate, indicating the deposition of a very thick sedimentary interval in a short period of time. 

Generally, rapid accumulation rates occur under unique tectonic or climatic influences. If 

rapid tectonic subsidence occurs, more sediments will be accumulated, and thus the 

sediments should be coarse-grained. However, the lithology of the C3n.2n interval is 

mainly thick fine-grained mudstone, with less frequent interbeds of coarse-grained 

sediments, compared with the other time intervals. This indicates a relatively stable pond-

like depositional environment with occasional alluvial inputs. In addition, no sign of fault 

activity was observed during this interval. Yang et al. (30) showed that the climate during 

this interval (~4.6-4.5 Ma) was the warmest and wettest in the Pliocene. This may have 

resulted in a stable streamflow that transported sediments to the depocenter. In addition, an 

alluvial fan tends to migrate continuously. If the alluvial fan migrated to a new location 

with a relatively large or a concave-shaped space, a favorable accommodation space for 

rapid sediment accumulation would be provided. Therefore, the unusually high 

sedimentation rate during chron C3n.2n could be the combined result of alluvial fan 

migration and long-term climate change. On the other hand, a low transport energy causes 

both fine-grained sediment accumulation and slow erosion, and therefore a thick 

sedimentary sequence, such as that corresponding to C3n.2n, was preserved. Erosion did 

occur in other time intervals and was responsible for the ‘missing’ 100-kyr cycles in the 

CGC time series, creating an artifactual 200-kyr ‘cycle’ in the spectrum.  

Another possible reason for the thick fine-grained sediments during the interval 

corresponding to C3n.2n is lateral facies changes between different outcrops, represented  



 
 

by a mid-proximal alluvial fan, distal fan, and a lacustrine system (Fig. S3). Because the 

location of site CGC-2 is closer to the center of the Weihe Basin than site CGC-1, the 

sedimentary sequence at site CGC-2 consist of rapidly-accumulated thick mudstone. Thus, 

the different alluvial fan locations have a diversity of sediment accumulation rates, and the 

interval corresponding to chron C3n.2n, which has a unique position with a high sediment 

accumulation rate, was thicker than the layers deposited before and afterwards. However, 

this short interval does not influence the spectral analysis results and the conclusions of 

this study.   



 
 

  

  

Fig. S2    

Sediment accumulation rate in each polarity zone in the Changgoucun (CGC)  

sedimentary sequence. Orange line is the sedimentation rate and the blue line is sediment  

thickness. The polarity column is from chrons C3An to C2An of the Geomagnetic Polarity  

Time Scale (21); black represents normal polarity and white represents reversed polarity.  

  



 

  

Fig. S3    

A model of lateral facies changes between different outcrops (modified from 49) around  

the Changgoucun (CGC) site.   

   



 

  

 

Fig. S4  

The mammalian fossils found during the 2017 field reconnaissance of the 

Changgoucun (CGC) sedimentary sequence. This fossil is Bovidae gen. et sp. indet. 

which was determined by Prof. Zhang Zhaoqun to indicate an age in the Late Miocene, or 

younger (see the text). (Photo credit: Yichao Wang, School of Geography and Ocean 

Science, Nanjing University.)  



  

Fig. S5   

Blackman-Tukey spectrum analysis results of the mean grain size record for the  

intervals of (a) 2.58-4.2 Ma and (b) 4.2-6.73 Ma.  



                                                               
 

 



 
 

Fig. S6   

Orthogonal projections and normalized intensity during the progressive thermal  

demagnetization of representative samples from the Changgoucun (CGC)  

sedimentary sequence. Solid (open) circles represent projections onto the horizontal  

(vertical) plane. Numbers refer to demagnetization temperatures in ℃.   



 

  

Fig. S7   

Stereographic projections of the characteristic remanent magnetization (ChRM)  

directions. The solid/open symbols represent projections on the lower/upper hemisphere.    



  
 

 

  



  
 

  
 

Fig. S8   

Enlarged grain size and magnetic susceptibility time series during 2.58-6.73 Ma for  

the Changgoucun (CGC) sedimentary sequence in this study, and their comparison  

with a global ice volume time series since the Late Miocene (11). There is an obvious  

high-latitude cooling event at ~4.2 Ma and a high-latitude cooling trend since ~3.6 Ma in  

the benthic foraminiferal oxygen isotope record. The cooling events at high latitudes in the  

Northern Hemisphere probably forced the East Asian monsoon precipitation variations on  

the tectonic time scale.  



  
 

  
 

Table S1. 

Paleomagnetic data from the Changgoucun (CGC) section. 

Depth: stratigraphic level of samples (0 m is the top of the section); 

T: temperature steps of the ChRM trajectory;  

Dec. and Inc.: declination and inclination of the ChRM direction; 

N: number of points/steps used to determine the ChRM direction;  

MAD: maximum angular deviation of the best-fit ChRM direction in degrees; 

VGP lat: virtual geomagnetic pole latitude derived from the ChRM direction. 



 
 

Depth (m) T (℃) N Dec (º) Inc (º) MAD (º) VGP lat. (º) 
0.9 T450-T670 4 30.9 32.9 4.6 58 
3.2 T580-T660 4 11.9 54.1 10.7 80.2 
3.6 T550-T670 4 337.3 53.1 11 71.2 
4 T500-T680 5 3.7 50 3.9 85.3 
5.4 T600-T680 6 358.6 57.8 5.7 85.7 
6 T580-T670 4 318.7 41.1 12.7 52.6 
7 T450-T680 5 5.4 53.7 4.3 85.5 
8 T500-T670 5 5.8 42.7 9.5 79.2 
9 T640-T700 4 34.9 22.2 6.1 50.9 
10 T500-T680 6 24.5 55.9 2.1 70 
11 T580-T680 6 2.7 52.1 3 87.2 
12 T550-T670 5 17 33.1 8.2 67.8 
13.2 T450-T660 4 5.9 29.9 7.7 71 
14 T450-T660 7 20.8 36.8 5.6 67 
15 T550-T670 5 5.6 38.3 5 76.3 
16 T450-T670 7 356.1 45.8 2.4 82.2 
17 T450-T680 5 6.6 32.4 4.9 72.3 
18 T500-T680 5 322.2 56.8 7.3 59.4 
19 T250-T640 5 348.1 24.3 4.7 65.9 
21 T500-T680 6 50 55.5 7.8 49.5 
22.7 T500-T680 9 23.9 56.1 3.1 70.4 
23.4 T620-T680 5 13.2 39.9 8.1 73.6 
24.2 T580-T680 7 27.4 53.6 3.8 67.4 
24.6 T400-T670 10 2.7 41.5 2.1 79.3 
25 T400-T680 7 9.1 58.5 5.6 81.2 
26 T500-T680 8 354.8 43.1 5.4 79.7 
27.4 T550-T680 6 350.6 41.8 5.4 76.9 
27.6 T550-T670 7 19.6 52.2 5.3 73.6 
27.8 T550-T680 8 359.6 39.1 2 77.8 
28 T100-T660 12 347.2 49.5 4.7 78.5 
28.2 T500-T660 7 3.6 58.4 4.2 84.4 
28.4 T450-T660  5 13.3 50.8 6.9 78.5 
29.2 T580-T680 7 203 7.3 6.7 -46.3 
29.4 T600-T670 4 210 -7 2.3 -48.5 
31.6 T500-T680 5 210.1 -31.5 5 -58 
32 T400-T680 7 166.6 -32.5 3 -69.5 
32.2 T640-T680 4 244.6 -48.3 5.3 -35.8 
32.4  T450-T680 10 154 -36.5 4.5 -63.1 
32.6 T500-T660 4 214.4 -42.8 4.8 -58.8 



 

32.8 NRM -T580 9 331 -28.3 5.9 33.4 
33 T600-T680 6 184.3 -56.1 5.2 -85.8 
33.2 T580-T700 6 199.1 -48.5 11 -73.1 
33.4 T450-T680 5 316.6 9.5 7 40.2 
33.8 NRM -T500 7 89 42.8 11.8 14.5 
34 T600-T680 6 355.4 37.5 9.3 76.1 
34.2 T450-T700 4 292.7 6.5 6.7 20.5 
34.4 T600-T680 3 299.8 21.9 6.2 30.9 
34.8 T200-T620 5 47.9 31.1 9.8 43.9 
36 T620-T670  4 160.1 -12.1 6.1 -56.3 
37.3 T550-T670 4 151.5 -39 9.9 -62.2 
38.3 T450-T660 5 228.7 -33.9 4.2 -44.1 
38.5 T450-T670 7 183.4 -7.7 4.9 -59.4 
38.7 T620-T680 5 212.1 -27.3 8.2 -54.9 
39.3 T500-T680 5 356.2 20.3 3.9 65.9 
39.9 T580-T670 5 305.9 22.7 7 36.1 
40.8 T350-T680 7 318.3 8.9 6.6 41.2 
41.1 T400-T680 8 339 16.8 5.6 57.8 
42.1 T620-T680 4 344.1 17.7 7.7 60.8 
43.1 T600-T680 5 345.6 44.2 4.9 75 
44.1 T620-T680 3 40.1 9.5 3.8 42.6 
44.7 T640-T670 4 15.2 39.5 4.5 72.1 
45.1 T450-T680 7 16 56.5 4.2 76.7 
45.7 T450-T660 5 11.5 38 5.8 73.5 
45.9 T600-T680 4 9.1 21.2 8.2 65.2 
46.5 T300-T660 6 30.2 22.9 7.2 54.6 
46.9 T450-T680 9 16.2 39.9 5.9 71.7 
47.3 T580 -T670 4 6.4 76.2 5.6 60.2 
47.6 T550-T670 6 156.6 33 8.6 -33.2 
49.2 T200-T580 6 147.8 -10.7 16 -48.5 
49.4 T450-T670 4 177.4 -12.3 4.3 -61.8 
49.6 T450-T660 3 195 -19.6 8.9 -62.2 
49.8 T400-T680 5 241.2 -20.9 9.2 -29.8 
50.4 T620-T670 4 229.3 -7.9 10.5 -35.2 
51.2 T500-T700 5 151.7 -51.3 6.4 -66.3 
51.4 T200-T660 10 218.5 -32.7 8.8 -52 
51.6 T640-T670 4 206.8 -28.9 7.8 -59.4 
51.8 T200-T680 8 159.5 -54.5 7 -73.2 
52 T620-T680 5 186 -45.3 3.8 -80.9 
52.4 T300-T700 5 150.5 -37.3 13.9 -60.7 
53.2 T500-T620 3 171.2 -2.4 4.6 -55.9 
53.6 T300-T670 4 193.9 -41.1 9.4 -73.8 
53.8 T400-T700 4 185.5 -32.2 4.1 -72.5 



 

54 T550-T680 5 196 -40.7 3.8 -72.2 
55 T500-T680 4 206.7 -57.5 7.2 -68.2 
56 T450-T700 7 141.1 -43.4 4.1 -55.3 
57 T550-T680 4 205.5 -43.1 6.1 -66.1 
58 T500-T680 10 189.9 -41.4 3 -76.4 
59 T300-T620 5 167.6 -68.2 6.2 -70.8 
60 T500-T680 6 174.3 -30.1 7 -71.1 
60.6 T640-T670 4 187.5 -49.8 5.2 -82.7 
61.4 T550-T680 9 184.3 -47.4 5 -83.2 
62 T350-T680 10 213.2 -33.1 6.9 -56.3 
63 T500-T680 4 221 -60.5 4.2 -57.2 
64.1 T650-T680 4 225.9 -57.8 9.7 -53.2 
65 T400-T670 6 191.3 -35.5 7 -72.2 
66 T400-T680 7 185.5 -22.3 7.4 -66.7 
67 T620-T700 3 162.5 -26.8 12.4 -64.4 
68 T500-T680 8 191.5 -47.5 3 -78.7 
69 T580-T680 7 186.5 -52 6.8 -84.3 
70.4 T450-T680 10 171.6 -44.5 2.7 -79.1 
71.2 T550-T680 5 171.8 -47.6 4.3 -81 
72.3 T500-T660 5 163.2 -60.9 6.8 -74.8 
73.3 T350-T680 9 146.5 -54.9 6.1 -62.6 
74.1 T500-T680 4 189 -33.2 4.3 -71.9 
75.1 T300-T680 8 192.7 -50.2 5.3 -78.8 
76.3 T250-T670 6 165.8 -45.8 6.2 -75.9 
77.2 T400-T680 4 141.5 -26.6 6.2 -49.8 
78.1 T400-T670 6 200 -29 5.6 -64 
78.3 T400-T700 5 265 -57.6 10.5 -23.9 
78.6 T250-T620 7 167.5 -56.1 6.3 -79.6 
83 T600-T680 6 28.3 46.3 2.6 64.9 
83.4 T620-T680 4 353.5 54.5 8.9 84.6 
84 T600-T680 4 47.1 19.5 12.6 40.7 
85 T150-T350 4 326.2 42.6 6.5 59.2 
85.6 T550-T680 5 38.6 71.7 6.6 55.7 
88 T400-T640 6 320.7 66.1 5.6 57.8 
88.6 T100-T670 7 31.3 18.5 6.9 52.1 
90.2 T500-T680 6 186.7 -44.2 3.4 -79.8 
91 T550-T700 6 164.4 -35.4 6.8 -69.8 
91.2 T400-T640 5 159.4 -17.8 9.2 -58.5 
91.4 T400-T670 5 199.3 -39.8 7.3 -69.5 
92.2 T550-T700 4 143.7 -42.5 8.3 -57.1 
92.6 T500-T680 5 174.2 -28.1 4.5 -69.9 
95.4 T550-T640 5 106.1 -46.8 12.9 -27.8 
95.6 T450-T700 6 27.4 20.9 11.2 55.7 



 

98.9 T550-T680 6 350.7 15.3 6 62.1 
99.1 T550-T680 8 301.8 11.9 2.3 29.5 
100.1 T450-T680 7 336 40.9 1.7 66.4 
101 T550-T670 7 6.8 64.7 3.8 76.7 
101.4 T500-T660 7 311.1 66.3 1.9 51.4 
102 T500-T680 8 16.5 60.6 6 75.1 
103 T640-T680 4 17.2 20.9 4 61.7 
104 T550-T680 8 358.1 41.1 3.2 79.1 
105 T580-T680 6 356 25.2 4.4 68.6 
106 T550-T680 7 16.9 48.7 5.2 74.9 
107.2 T500-T680 9 5.2 24 4.6 67.7 
108.1 T550-T670 5 24.6 15.5 4 55.2 
109 T450-T680 7 31.6 40.2 4.4 60.2 
109.5 T550-T680 5 25 37.4 8 64.2 
109.7 T200-T680 5 341.9 44.4 6.8 72.4 
111.8 T200-T580 7 315.6 36.7 13.9 48.6 
113 T200-T680 7 326.6 15.3 10 49.4 
114.6 T580-T680 8 320.1 45.7 3.5 55.2 
114.8 T550-T680 9 7.2 27.7 2.1 69.3 
115.4 T550-T680 8 349.6 38.9 5.1 74.6 
115.7 T600-T700 8 324.1 29.9 2.8 53 
116.6 T300-T580 6 14.7 48.1 5.6 76.5 
116.8 T650-T680 4 15.2 56 8.1 77.4 
117.3 T660-T700 4 21.1 11.5 2 55.5 
117.5 T650-T680 4 22.2 31.4 1 63.6 
117.7 T650-T680 4 35.4 17.9 2.3 49 
117.9 T650-T680 4 18.7 28.5 2.3 64.5 
118.1 T580-T670 4 342.4 72.7 5.3 63.5 
118.3 T640-T680 4 20.5 25.8 4.7 62.2 
118.7 T580-T670 4 308.5 51.5 5.3 47.3 
118.9 T580-T700 4 6.9 24.4 4.7 67.6 
119.1 T640-T680 4 30.3 28.5 8.3 56.7 
119.3 T450-T580 4 33.9 53.8 4.1 62.1 
119.5 T600-T670 4 21.6 34.4 8 65.4 
119.9 T450-T670 9 10.4 38.9 5.3 74.6 
120.1 T580-T660 5 309.3 64.3 7.4 50.3 
120.4 T300-T670 7 346.9 50.8 3.9 78.7 
120.8 T500-T670 7 0.6 25.3 9.6 69 
121 T500-T680 8 5 50.6 6.8 84.8 
121.2 T550-T640 4 342.3 16.4 7.4 59.4 
121.4 T400-T670 5 346.4 41.6 4.2 74.3 
121.6 T600-T700 6 347.4 41.5 5.4 74.8 
121.8 T550-T670 5 61 12.4 11.9 27.4 



 

122 T550-T680 5 327.6 35.5 6.4 57.8 
122.2 T600-T680 5 59 58.9 7 43.4 
122.4 T300-T550 5 5.2 41.4 5.7 78.5 
122.8 T450-T660 6 12.7 13.1 7.3 59.9 
123 T450-T630 4 44.2 52.7 4.1 53.5 
123.2 T400-T640 6 53.4 49 5.5 45.1 
123.4 T600-T670 4 16.9 57.3 5.8 75.9 
126.8 T600-T680 6 35.7 22.4 3 50.4 
127.2 T600-T660 4 357.6 52.9 3.5 87.8 
127.6 T580-T670 6 31.4 33.8 6 57.9 
128 T550-T670 5 25.5 78.6 5.8 53.3 
128.5 T300-T660 6 333.2 34.8 8.1 61.8 
128.7 T500-T670 8 1.4 30.2 3.7 71.9 
128.9 T550-T650 5 21.3 10.4 3.5 54.9 
129.1 T550-T700 4 35.4 11.3 6.4 46.6 
129.3 T200-T670 9 327.3 33.8 7.4 56.9 
129.5 T450-T670 5 43.1 41.7 6.9 51.3 
129.8 T600-T670 5 19.6 25.7 3.6 62.7 
130.3 T640-T700 5 3.4 41.8 3 79.4 
130.5 T200-T650 8 350.3 47.1 6.3 79.8 
130.7 T600-T680 6 5.4 38.7 2 76.6 
131.2 T580-T650 5 3.3 66.4 4.6 75.3 
131.4 T500-T670 7 5.7 63.4 3.2 78.5 
132 T630-T680 5 322.8 49 6.2 58.4 
132.4 T450-T660 6 354 53 5.2 85 
133 T640-T680 5 30.9 32.6 4.4 57.9 
133.2 T500-T670 8 29.5 32.4 4.8 58.8 
134 T640-T700 6 357.6 31.9 2.8 72.8 
134.4 T580-T680 7 356.2 30.7 3.4 71.9 
134.6 T600-T680 7 343.9 35.2 5.4 69.4 
135.2 T600-T680 7 349.7 13 2.6 60.7 
136 T580-T680 8 347.7 67.5 4.1 71.6 
136.4 T450-T640 6 346.2 65.9 4.7 72.7 
137 T600-T670 6 3.5 50.6 7.2 85.8 
137.8 T550-T670 4 341.9 30.8 3.9 66 
138 T400 -T700 5 45.1 52.3 6.7 52.7 
138.4 T550-T680 8 332.6 49.2 1.9 66.5 
139 T580-T680 5 8.4 35.6 5.2 73.6 
139.4 T500-T640 6 316 36.8 2.3 48.9 
140 T500-T680 7 334.1 48.9 3 67.7 
140.8 T620-T680 4 60.9 39.6 13.5 35.9 
141.2 T200-T680 14 178.3 50.5 7.9 -24.4 
141.4 T650-T680 4 20.1 21.2 8 60.3 



141.6 T550-T650 5 192.4 -5.4 6.3 -56.4 
142 T400-T670 4 156.6 -39.9 10.8 -66.5 
145 T580-670 5 187.5 -13.6 8.1 -61.7 
146 T500-T670 6 171.4 -5.3 8.5 -57.3 
147.2 T450-T660 8 149.7 -28.8 14.9 -56.8 
148.4 T500-T670 10 17.7 32.9 2.8 67.2 
148.6 T300-T670 11 9.7 62.4 2.1 78 
148.8 T640-T680 5 5.5 40 2.1 77.5 
149 T550-T670 9 15.2 37 4.3 70.8 
149.4 T450-T700 7 346.1 47.5 3.2 76.9 
149.6 T450-T680 4 323.1 62.7 147 60.1 
149.8 T620-T680 3 329.9 51.4 7.9 64.8 
150.3 NRM -T650  9 24.3 65.7 10.7 67.4 
150.6 T450 -T700 5 305 69.2 7.2 47.3 
150.8 T400-T680 7 351.2 56.2 9.2 82.4 
151 T350-T670 6 9.7 58.7 2.5 80.7 
151.6 T100-T680  6 56.9 52.3 7.6 43.2 
152 T640-T670 4 339.4 7.6 9.8 54 
152.2 T500-T640 5 348.5 47 7.9 78.4 
153 T580-T680 6 14.6 67.2 6.8 71.1 
153.4 T450-T670 9 335.8 63.5 8 68.6 
153.6 T400-T680 7 329.6 51.5 3.7 64.6 
153.8 NRM -T580 9 4.4 76.5 6.9 59.8 
155.8 T550-T680 10 29.2 44.6 4.9 63.6 
156.4 T580-T680 8 20.2 26.5 3.9 62.7 
156.8 T640-T680 5 50.5 35.3 3.8 43.1 
158.3 T550-T670 7 212 -11.6 2.8 -49 
159.5 T450-T680 10 191.6 -8.7 3.3 -58.2 
160.5 T450-T670 5 198.4 -33.6 4.5 -67.1 
162.1 T600-T680 8 210.4 -20.1 6.4 -53.3 
162.3 T550-T680 5 219.6 -14.9 5.1 -44.8 
162.7 T550-T680 4 188.5 -11.7 7.8 -60.5 
162.9 T550-T680 4 219.6 -39.6 7.1 -53.5 
163.1 T300-T700 7 256.3 -27.8 9.9 -19.4 
163.3 T500-T640 5 264.6 -72.7 5.9 -31.3 
163.5 T660-T700 4 225.9 -33.3 7.3 -46.2 
163.9 T640-T670 4 119.3 -0.5 7.9 -24 
164.3 T580-T700 5 67 35.8 11 29.7 
166.1 T450-T670 9 358.3 45.3 2.1 82.4 
172 T500-T680 11 26.6 40 3 64 
172.2 T300-T660 4 339.1 47.5 11.7 71.3 
172.4 T400-T680 12 345.1 46.5 2.8 75.7 
172.6 T600-T700 8 5.2 29.5 2.4 70.9 



172.8 T650-T680 4 300.5 31.9 1.9 34.6 
173 T580-T680 9 17.9 45.1 4.5 72.8 
173.2 T550 -T680 9 139.3 34 3.6 -24.4 
173.4 T640-T700 4 8.5 56.5 13.2 82.6 
173.6 T550-T670 7 28.3 53.4 11.6 66.6 
174 T600-T680 7 312.3 25.5 11.1 42.2 
174.3 T660-T700 3 224.8 -59.6 9.4 -54.3 
176 T500-T680 8 165.3 -29.9 4.3 -67.5 
177.3 T450-T700 7 148.4 -29.8 6.3 -56.3 
177.5 T640-T700 5 122.6 -43.9 6 -40.2 
177.9 T620-T700 3 146.1 -72.2 12.9 -57.6 
181.1 T300-T680 12 133.7 -18.3 10 -40.9 
181.7 T600-T680 6 154.5 -20.1 11.1 -56.6 
182.1 T200-T670 12 254.8 -47.2 9.6 -27.3 
182.3 T580-T670 6 226.5 -58.9 5.8 -52.9 
182.9 T400-T500 3 225.2 -62.8 4.7 -54.1 
183.1 T300-T670 3 254.9 -9 9.4 -15 
183.4 T580-T670 4 101.3 -72.1 7.1 -34.1 
183.7 T640-T680 4 169.9 -21.6 9.4 -65.1 
183.9 T500-T680 7 163.4 -35.9 8.4 -69.4 
184.1 T650-T680 4 199.7 -15.3 6.4 -57.9 
184.5 T630-T670 5 258 -29.2 6.4 -18.5 
186.4 T600-T680 4 175 -43.8 4.9 -80.3 
187.7 T580-T680 4 178.3 -66.2 9.2 -75.7 
188.1 T600-T680 4 188.3 -11.5 3.2 -60.5 
188.3 T550-T600 3 141.6 -11.1 12.6 -44.4 
188.7 T580-T680 5 181.3 -21.2 5 -66.6 
189.1 T600-T700 9 176.2 -17.5 1.8 -64.4 
189.3 T600-T700 8 171.6 -19.2 2.1 -64.4 
189.7 NRM -T700 7 168.6 -12.8 11.4 -60.2 
190.1 T650-T680 4 151.9 -26.8 2.9 -57.6 
192.4 T580-T680 9 231.6 -30.3 5.7 -40.6 
193 T500-T680 11 226.4 -32.8 8.5 -45.6 
193.6 T600-T680 7 179.1 -36.2 3.4 -75.8 
194 T580-T680 9 210.3 -29.8 3.5 -57.2 
194.5 T580-T700 6 177.5 -22.3 2.9 -67.2 
195.1 T640-T680 5 189.1 -13.1 3.5 -61.1 
195.5 T580-T680 7 195.9 -10.6 4.1 -57.5 
195.8 T580-T700 4 192.5 -27.3 3.6 -67.2 
198.3 T500-T670 10 220.9 -39.7 6.1 -52.4 
198.9 T500-T680 9 213.4 -34 3.3 -56.5 
199.3 T400-T680 13 216.3 -47 5.4 -58.5 
199.7 T500-T670 6 208.5 -40.9 4.7 -62.9 



 
 

200.3 T500-T680 11 190.3 -41 2.2 -75.9 
200.9 T500-T670 8 146.1 -22.5 3.5 -51.8 
201.3 T550-T680 8 165.7 -41.7 3.9 -73.8 
201.9 T550-T670 5 167.3 -32.3 5.2 -69.8 
202.3 T600-T680 7 149 -26.1 8.7 -55.3 
203.3 T400-T680 7 126.6 -52.5 8.8 -46.1 
203.5 T300-T500  4 223 -4.7 13.1 -38.8 
203.9 T500-T670 3 107.9 -31.5 2.5 -24.1 
204.3 T350-T700 5 192 -21.4 6.7 -64.3 
204.5 T200-T680 7 159.1 -9.4 5.7 -54.6 
204.9 T580-T680 4 142.2 -47 7.3 -57.3 
205.1 T450-T680 6 137.7 -12 5.2 -41.8 
205.3 T500-T700 4 185.9 -20.5 6.2 -65.7 
206.1 T400-T580 4 163 -51.3 5.6 -75.6 
206.3 NRM -T680 15 186.6 53.1 6.8 -21.7 
206.5 T580-T670 6 48.4 33.7 7.3 44.3 
208.3 T200-T660 5 19.9 61.6 5.2 72.4 
208.5 T650-T680 4 353.1 17.6 2 63.9 
208.7 T580-T660 4 74.3 42.8 7.9 26.1 
209.1 T650-T680 4 30.2 23.6 1.3 54.9 
209.3 T600-T680 8 32.1 21.4 4 52.7 
209.9 T620-T680 5 40.8 50.6 6.4 55.8 
210.3 T630-T700 7 5.4 22.9 3.6 67.1 
211 T500-T680 11 53.3 68.6 4.7 48.4 
211.4 T500-T620 4 33.2 78.6 3.9 51.4 
211.8 T600-T640 4 44.1 74.1 8.5 51.6 
212.4 T350-T630 4 57.7 65.6 9.9 45.6 
212.6 T500-T660 5 42.4 48.9 6.7 54 
213.3 T200-T680 11 358.8 4.9 8.4 58.1 
213.5 T580-T660 4 333.2 50 5.9 67.2 
214.3 T550-T680 5 17 38.8 6.3 70.6 
215.1 T580-T680 6 345.7 14.5 2.8 60 
215.5 T550-T670 6 2 22.2 5.3 67.1 
215.9 T620-T700 5 342 43.6 3.5 72.1 
216.1 T650-T680 4 332.8 43 9.8 64.7 
217.1 T100-T600 5 330.6 36.4 6.5 60.5 
217.3 T650-T680 4 334.9 30.2 11.7 61.1 
219.8 T550-T670 4 333.9 30.6 10 60.6 
220.4 T580-T700 5 9.3 4.6 2 56.8 
221 T300-T670 5 344.8 30.2 4.1 67.3 
221.3 T580-T680 4 52.9 25.9 7.7 38.1 
221.5 T300-T680 10 4.4 38 7.8 76.5 
222.3 T350-T640 5 349 25.8 6.8 67 



 

222.9 T350-T640 9 348.5 42.1 8.8 75.9 
224.7 T400-T670 10 7.1 37.4 6.9 75.2 
225.9 T400-T670 7 26.8 13.9 10.7 53.2 
226.9 T600-T700 4 318.5 49.4 7.5 54.9 
227.1 T670-T700 4 236.7 -45.2 13.4 -41.2 
227.3 T630-T680 6 100.6 -43.5 7 -22.3 
227.7 T640-T670 4 171.2 -57 14.3 -82.2 
228.9 T650-T680 4 267.8 -13.2 11.8 -5.6 
230.5 T200-T680 14 76.5 -68.8 8.3 -19.1 
230.7 T300-T670 11 36.8 -67.2 6.8 -0.3 
230.9 T550-T680 7 77.6 -41.8 9.1 -3.9 
231.5 T200-T700 13 72.2 -13.9 5.4 10.4 
231.7 T300-T700 6 130.2 -33.3 8.9 -43 
232.1 T500-T700 4 104.5 -13.2 10.9 -15.7 
232.3 T630-T680 4 112.4 -13.2 10.5 -22.2 
232.5 T100-T670 5 20.7 35.6 3.7 66.6 
232.9 T550-T670 5 11.3 38.8 9.1 74.1 
233.5 NRM -T450 4 80.4 33 12.8 17.8 
233.9 T100-T700 4 338.6 14.1 9.7 56.4 
234.1 T550-T620 4 338.6 3.5 7.1 51.8 
234.7 T620-T700 7 350.1 43.3 3 77.5 
235.1 NRM -T300 4 337.6 55.6 11.4 71.7 
235.3 T580-T680 5 70.7 64 10 36.5 
235.7 T640-T680 4 328.9 19.5 1.7 52.6 
236.3 T580-T670 4 286.8 34.6 9.2 24.2 
236.7 T640-T700 5 331 31.5 2.5 58.9 
237.3 T350-T580 4 306.1 71 4.2 47.8 
237.5 T620-T680 4 309 50.1 9.5 47.3 
237.9 T400-T680 12 322.6 49.7 8.5 58.4 
238.3 T620-T700 6 350.8 24.7 3.7 67.1 
238.7 T450-T680 4 314.8 16.5 6.8 41.2 
239.1 T450-T670 4 52.7 34 9.5 40.9 
239.3 T580-T670 4 294.5 13.5 5.5 24 
239.7 T300-T680 10 330.5 14.2 5.8 51.6 
241 T550-T620 4 279.6 32.3 11.3 17.5 
241.2 T450-T700 7 273.7 63.2 6.7 25.7 
241.4 T300-T680 15 314.7 24.4 8.3 43.7 
241.8 T600-T680 7 317.1 11.7 7.9 41.3 
242.4 T580-T700 9 330.1 34.9 6.1 59.5 
242.7 T640-T670 4 354 9.3 11.3 59.9 
246.9 T400-T680 4 294.4 12.1 8.1 23.5 
247.2 T300-T650 6 39.9 50.8 6.8 56.6 
247.5 T400-T680 5 59.2 65.7 3.4 44.6 



 

    247.7 T100-T680 5 84.9 60.7 3.3 25.5 
248.1 T620-T680 6 81.6 64.9 5.5 29.6 
248.3 T600-T700 9 84 20.4 3.9 10.8 
248.7 T200-T680 14 73.8 50.8 8.4 29.4 
249.1 T450-T680 5 49.7 13.7 5.1 36.8 
249.3 T300-T680 13 76.3 19.5 2.6 16.9 
249.5 T300-T700 14 40.2 22.3 3.1 47 
249.9 T600-T680 7 36.9 15.8 5.7 47.1 
250.3 T600-T700 9 26.4 1.1 3.6 48.2 
250.9 T300-T680 13 29.1 33 2.9 59.4 
251.3 T580-T680 9 50.1 38 2.7 44.3 
251.9 T300-T680 13 80.7 27.6 5.1 15.8 
252.3 T600-T680 8 70.1 24.1 3.6 23.4 
252.8 T400-T700 14 17.7 44.6 3.4 72.8 
253.6 T640-T700 6 12.2 25.7 4 66.5 
254.2 T620-T680 6 24.8 34.4 3 63.1 
255 T650-T680 4 75.3 27.9 2 20.3 
256.6 T400-T680 5 299.5 62.4 12.3 43.1 
256.9 T640-T700 4 14.2 41.4 3.5 73.8 
259 T400-T680 7 3 35.5 4.8 75.1 
259.2 T200-T700 9 356.9 11.7 6.1 61.5 
259.6 T620-T700 7 344.4 23.3 7.7 63.7 
260.6 T620-T680 6 6.8 22.7 2.5 66.7 
261.2 T550-T700 10 1.3 21.3 3.1 66.7 
262.7 T620-T680 6 359.2 37.5 6.5 76.7 
263.6 T600-T680 7 12 15.6 1.9 61.4 
264.7 T600-T670 6 11.9 42 5.2 75.6 
265.6 T580-T680 8 329.8 36.8 5.4 60 
266.6 T600-T670 6 332.7 34.4 3 61.3 
267.6 T450-T670 10 284.3 34.5 4 22.1 
268.2 T300-T700 14 51.1 68.8 4.3 49.8 



 

 
Data S1. (separate excel format file) 

Raw data comprising the age of each sampling level, the mean grain size (μm), the >63-μm 

fraction (%), and the magnetic susceptibility (10-8m3/kg) (see the separate Excel file). 
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