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RECONSTRUCTION OF 130-KYR RELATIVE GEOMAGNETIC INTENSITIES FROM 
10Be IN TWO CHINESE LOESS SECTIONS
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Huagui Yu1,6 • Shaohua Song1 • Peng Cheng1,2 • Xianghui Kong1,6 

ABSTRACT. Efforts to extract weak geomagnetic excursion signals from Chinese loess-paleosol 10Be have generally been
unsuccessful due to the complexities of its accumulation, because the geomagnetic and climate (precipitation and dust) sig-
nals contained in loess-paleosol sequence are tightly overprinted. Here, we present a reconstruction of geomagnetic relative
paleointensities for the past 130 kyr from 10Be records in 2 Chinese loess-paleosol sections using a correction based on the
correlation of 10Be with magnetic susceptibility (SUS) to remove the climatic contamination. Both these records reveal the
Laschamp and Blake events, which lie in the loess and paleosol (L1SS1 and S1SS3) horizons corresponding to mid-MIS 3 and
5e, respectively. The good agreement between our results and other geomagnetic intensities reconstructions from Atlantic and
Pacific sediments indicates that our method is robust. Our study suggests the potential application of loess-paleosol 10Be for
reconstructing geomagnetic intensity variations spanning the whole Quaternary.

INTRODUCTION

The cosmogenic radionuclide 10Be is produced by cosmic-ray spallation in Earth’s atmosphere. Its
production rate there is regulated by the geomagnetic field intensity (e.g. Frank et al. 1997; Mus-
cheler et al. 2005), so that its accumulated concentration in eolian sediments can in principal be used
to derive high-resolution records of geomagnetic field changes. Chinese loess-paleosol sequences
provide us with a good opportunity for such studies since they are a well-known archive for paleo-
geomagnetic and paleoclimatic studies with independent age constraints (An et al. 1990; Zhou et al.
1990; Zhu et al. 2007). However, there are few geomagnetic excursion studies from the Chinese
loess-paleosol 10Be record reported previously due to the complexities arising from 2 sources of
10Be: one is related to the precipitation effect and the other to the incorporation of transported and
recycled eolian dust (Shen et al. 1992; Beer et al. 1993; Heller et al. 1993; Gu et al. 1996). The geo-
magnetic excursions and reversals are important time markers for chronostratigraphic correlations,
as systematic magnetostratigraphic studies have shown differences in short-lived excursions such as
the Blake event observed in different loess-paleosol sequences (Evans and Heller 2001). Hence, it
is necessary to develop an effective method for the reconstruction of geomagnetic field variations
from the alternative loess 10Be records by decoupling the climate and geomagnetic influences, to
provide new cross-checking evidence.

We know that loess/paleosol magnetic susceptibility is largely due to secondary mineral formation,
which in turn is controlled by soil moisture, which can be related to climate (Maher and Thompson
1988; Zhou et al. 1990). Inspired by the high similarity between measured 10Be and magnetic sus-
ceptibility proxy in loess (Shen et al. 1992; Beer et al. 1993; Wu 2004), we first initiated the idea of
separating the geomagnetic modulated 10Be signal from the total 10Be concentration, by taking loess
susceptibility as a proxy for determining the 10Be component affected by climate factors (dust-fall
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and wet precipitation), to reconstruct the paleomagnetic intensity (Zhou et al. 2007a). Three
assumptions for such a separation need to be made. First, we assumed that the 10Be concentration in
dry dust is quasi-homogeneous in space with fairly constant values (Zhou et al. 2007a). Secondly,
we assumed that the 10Be inherited from dust is equal to that concentration found in loess during the
driest period such as the last glacial maximum (LGM) when the precipitation was nearly negligible.
Third, we assumed the functions can be separated arithmetically, as suggested by Zhou et al.
(2007a,b). These approaches allowed us to approximately estimate the dust 10Be background signals
(An and Sun 1995; Xian et al. 2008). 

In the following, we introduce a new method to reconstruct the past 130-kyr relative 10Be production
rates and geomagnetic intensities from 2 loess 10Be records. We chose to analyze loess profiles from
the Luochuan and Xifeng sections so that we could compare the time frame containing the Blake and
Laschamp geomagnetic excursions. Even though these 2 sections are considered difficult for inter-
preting geomagnetic excursions due to differences in signal smoothing (e.g. Zhu et al. 1998; Pan et
al. 2002), we chose them because each has well-established pre-existing sediment depth age models.

MATERIAL AND METHODS 

Sampling and Proxies Measurements

Analyses were performed on the 1220-cm- and 1490-cm-length cores of Luochuan (3545N,
10925E) and Xifeng (3542N, 10738E) sections (Figure 1). Magnetic susceptibility was mea-
sured at 1-cm intervals as shown in Figure 2. 10Be measurements for Luochuan were done at 4-cm
intervals, except during the last glacial maximum (LGM), where measurements were done at 1-cm
intervals. 10Be measurements for Xifeng were made at 8–10 cm intervals, except during marine iso-
tope stage 3 (MIS 3) and part of paleosol S1, where it was sampled at 2–4 cm intervals. A total of
306 and 230 BeO samples from Luochuan and Xifeng, respectively, were chemically prepared in
Xi’an, and measured in the Xi’an AMS Center, VERA in Vienna, and the NSF-Arizona AMS lab
with a precision better than 3% (Zhou et al. 2007a). (See full results in Appendix, Tables 1 and 2.)

Figure 1 Map showing the Chinese Loess plateau (shaded areas), the Liupan Mountains, and
the 2 sites for this study
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Timescales

The subdivisions of the paleosol S1 unit are correlated to the oxygen isotope substages 5e–5a by An
et al. (1991), so that chronologies of our 2 sections could be derived on the basis of the correlation
between loess-paleosol magnetic susceptibility with the marine oxygen isotope (MIS). In each case,
we assumed that the MIS 2/1, 5/4, and 6/5 transitions corresponded to the inferred L1/S0 (12.3 kyr
BP), S1/L1 (79 ± 1 kyr BP) (Johnsen et al. 2001), and L2/S1 (129.8 ± 1 kyr BP) (Yuan et al. 2004),
and used these as boundaries for age interpolation using a grain-size-based sediment accumulation
rate model (Porter and An 1995). The Luochuan age scale was also cross-checked using a combina-
tion of optical luminescence (OSL) and 14C ages (Figure 2b; Zhou et al. 2007a). The Xifeng section
was carefully correlated to Luochuan and the Dongge-Hulu Cave 18O record (Wang et al. 2001;
Yuan et al. 2004) for establishing a robust chronology over the past 130 kyr.

Similarity Between the Loess 10Be and Magnetic Susceptibility

The loess-paleosol magnetic susceptibility is a function not only of eolian dust flux but also of
pedogenic processes induced by precipitation, which controls soil moisture and the growth rate of
pedogenic magnetic minerals (Maher and Thompson 1988; Kukla and An 1989; An et al. 1991;
Maher et al. 1994; Porter et al. 2001). Porter et al. (2001) have concluded that other meteorological
factors and grain-size effects on the pedogenic index appear to be insignificant. This is also similar
for the loess-paleosol 10Be record, as the local atmospheric fallout rate depends strongly on the wet

Figure 2 Stratigraphy, magnetic susceptibility, and 10Be concentration of (a)-(c) Luochuan and (d)-(f) Xifeng sections. OSL
(black circles) and 14C (black dots) data are after Lu et al. (2007) and Zhou et al. (2007a), respectively. Typical strata such as
Malan loess (L1) and Last interglacial soil (S1) are subdivided following Kukla and An (1989).
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precipitation (Beer et al. 1993; Heller et al. 1993; Zhou et al. 2007a). We know, however, that a frac-
tion of the 10Be concentration contained in loess-paleosols is derived from a dust source, but we
believe that the same dust component bears both the recycled 10Be and magnetic susceptibility com-
ponents. Thus, both 10Be and magnetic susceptibility in loess have signals containing a recycled dust
component and a component that depends on the rainfall amount. The only difference is that the
loess-paleosol 10Be contains an additional signal arising from geomagnetic field variations (Zhou et
al. 2007a). The high similarity (r 0.95, Figure 2) between the loess 10Be and magnetic susceptibil-
ity curves indicates both 10Be and magnetic susceptibility are related to climate factors (precipita-
tion and dust flux) in the same manner. Therefore, a linear regression between 10Be and susceptibil-
ity can remove the climate-contributed 10Be components and one can thus obtain the geomagnetic
modulated 10Be signals as suggested by Zhou et al. (2007b) based on an analysis that assumes that
these 2 factors can be separated arithmetically and that the regression is linear. This assumption is
clearly a significant approximation since the geomagnetic component may also have a component in
the precipitation 10Be.

Data Analysis Method

The main step of our analysis is first to extract the climate-contributed 10Be from the Be(M), result-
ing in the following linear regression equations between the Be(M) and SUS(M).

Luochuan: Be(M)e = 1.2431 × SUS(M)  105.14 (1)

Xifeng: Be(M)e = 1.2276 × SUS(M) 79.689 (2)

Where the estimated values Be(M)e in Equations 1 and 2 are determined by the subtraction of the
estimated climatic contribution (dust source and local precipitation) under the past 130-kyr average
10Be production rate (Zhou et al. 2007b).

RESULTS AND DISCUSSION 

Derived Relative 10Be Production Rate Variation and Geomagnetic Excursion Events Records 

After removal of the climate-contributed 10Be, a residual signal Be(GM) is obtained by subtract-
ing the estimated values (Be(M)e) from the measured Be(M) in 2 sites. The resulting residual signal
is the amount of the 10Be concentration modulated by geomagnetic intensity variations. The
Be(GM) signal can then be normalized and scaled to 1 for the present for deriving the global rel-
ative 10Be production rates variations (Figure 3a,b). It must be noted that Luochuan and Xifeng are
located at about 35N, where the latitudinal average production rate is about 0.0147 (atoms/cm2 s)
(Masarik and Beer 1999), similar to the global average of 0.0184 atoms/cm2/s. Therefore, the sepa-
rated geomagnetic modulated 10Be signals can reliably reflect the global average 10Be production
rate variations.

Finally, we convert the normalized 10Be production rate to the relative paleointensity using the for-
mulas for 10Be production rate and geomagnetic intensity reported by Xian et al. (2008), with the
assumption that long-period 10Be production rate fluctuations are mainly modulated by geomagnetic
field (Masarik and Beer 1999). We can thus stack records into a composite relative paleointensity
record for in-depth correlation analysis.

The plot of the 130-kyr residual Be(GM) signal and the stacked relative geomagnetic intensity
record from Luochuan and Xifeng (Figure 3) clearly reveal the Laschamp and Blake events. The
Laschamp event lies in the middle layer of L1SS1 (Figure 2), corresponding to the middle of MIS 3

https://doi.org/10.1017/S0033822200045082 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200045082


Reconstruction of 130-kyr Relative Geomagnetic Intensities in 10Be 133

at a depth of 492–524 cm in Luochuan and 584–620 cm in Xifeng. The age at this depth is about 43
kyr BP with duration of 3.9 kyr in 2 sections. The Blake event is located at the lower paleosol S1

(S1SS3, Figure 2) at the depth of 1124–1176 cm in Luochuan and 1320–1424 cm in Xifeng. Its age
is about 123 kyr BP with duration of 8.5 kyr in 2 sites. These 2 events coincide with periods of sig-
nificant intensity drops and occur below a critical field less than 50% of the present-day field (Guy-
odo and Valet 1999). Reliable stratigraphic position of these 2 excursions determined by loess 10Be
also suggests the new time marker for future climatic correlations.

Geomagnetic Paleointensity Intercomparison

To check if our reconstructed paleointensity fits the global pattern, we compared our composite rel-
ative paleointensity result with those of the North Pacific (Figure 3d) (Yamanaki et al. 2007), the lat-
est PISO-1500 (Figure 3e) record by Channell et al. (2009) who stacked many representative marine
studies (e.g. Stoner et al. 2003; Carcaillet et al. 2004), and the SINT-800 curve (Figure 3f) (Guyodo
and Valet 1999). All curves exhibit a similar low-frequency trend and each excursion event is char-
acterized by a rapid start and termination, though its features are offset because of the different age
model (Figure 3). The 4 curves clearly show the Blake and Laschamp geomagnetic minima at about
123 and 43 kyr BP, respectively, and with a smaller local minima at about 60–65 kyr BP. Our results
also show the long rise in geomagnetic intensity common to most records observed between 40 and
5 kyr BP and a drop in intensity (reflected by an increased 10Be production rate in Figure 3a and 3b)

Figure 3 The reconstructed past 130-kyr geomagnetic excursion sequence from 10Be in the (a) Luochuan and (b) Xifeng sec-
tions, and comparison of our stacked relative paleointensity result (c) with the records of (d) North Pacific (Yamazaki and
Kanamatsu 2007), (e) PISO-1500 (Channell et al. 2009), and (f) SINT800 results (Guyodo and Valet 1999). Corresponding
relative 10Be production rates variations in (a) and (b) are labeled on the right coordinate, and time range and variation process
of the excursions are depicted with the vertical bar.
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at about 35 kyr BP. However, we are not sure whether this dip at ~35 kyr BP corresponds to the
Mono Lake event (Wagner et al. 2000), because the intensity peak is relatively small and is not obvi-
ous in some of the comparable records (Figure 3e and 3f).

The Blake and Laschamp events can apparently be extracted from the Luochuan and Xifeng sec-
tions, showing that these short-lived excursions may be well preserved in the loess-paleosol
sequence even east of the Liupan Mountains (Figure 1). However, the climate-controlled pedogen-
esis, and dust accumulation effects have influenced the physical and chemical processes of ferro-
magnetic minerals in different paleosol and/or loess units. These processes lead to ambiguity in the
geomagnetic excursion signal in some stratigraphic levels, which is hard to detect by paleomagnetic
measurement (Zhu et al. 1998). As a result, it has been unclear in the past if there was a record of
the Blake event in the loess-paleosol sequence (Zheng et al. 1995; Fang et al. 1997; Zhu et al. 1994,
1998; Pan et al. 2002). Our deconvolved atmospheric 10Be production rate record shown here sug-
gests that 10Be in loess may directly reflect geomagnetic effects.

SUMMARY AND DISCUSSION

Results presented in this study suggest that loess-paleosol 10Be records can indeed be used for geo-
magnetic field reconstruction once the remobilized dust and precipitation signal contamination are
removed. The good agreement between our paleointensity records and comparison marine data sets
spanning the last 130 kyr further indicates that our technique and analysis methods are indeed
robust. Therefore, they could potentially be used to generate an extremely long record of geomag-
netic intensities from Chinese loess-paleosol sequence, perhaps over the last 2.6 Myr.
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APPENDIX

Table 1 Luochuan results. 

Depth 
(cm)

Age 
(kyr BP)

10Be concentration (Be(M))
(106 atoms/g) (decay corrected)

Magnetic susceptibility
(SUS(M)) (108 m3/kg)

1 0.09 213.3 120.0 
4 0.36 212.1 118.5 
8 0.73 215.1 119.0 

12 1.09 209.5 118.5 
16 1.45 212.7 118.5 
20 1.82 218.2 121.0 
24 2.18 218.5 121.0 
28 2.54 212.3 122.0 
32 2.91 230.8 125.5 
36 3.27 221.2 125.5 
40 3.64 219.8 128.0 
44 4.00 217.3 131.0 
48 4.36 223.5 131.0 
52 4.73 222.5 131.5 
56 5.09 192.3 128.0 
60 5.45 210.8 124.0 
64 5.82 211.6 124.0 
68 6.18 197.0 123.0 
72 6.54 238.0 128.0 
76 6.91 211.5 134.0 
80 7.27 241.1 136.0 
84 7.63 236.6 149.0 
88 8.00 293.9 168.5 
92 8.36 269.2 166.5 
96 8.73 311.4 168.0 

100 9.09 276.1 164.5 
104 9.45 295.8 157.0 
108 9.82 270.1 157.5 
112 10.18 267.2 135.0 
116 10.54 228.3 133.5 
120 10.91 230.5 124.5 
124 11.27 235.3 115.0 
128 11.63 298.0 101.0 
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132 13.07 229.6 108.5 
136 13.39 224.2 108.0 
140 13.71 226.3 113.5 
144 14.03 186.8 77.5 
148 14.35 166.9 76.0 
152 14.67 154.0 74.0 
156 14.99 168.2 72.5 
160 15.30 180.3 70.0 
164 15.62 168.3 81.0 
168 15.94 188.0 69.5 
172 16.26 167.2 72.5 
176 16.58 194.3 76.5 
180 16.90 169.4 76.5 
184 17.22 164.2 70.5 
188 17.53 168.3 72.0 
192 17.85 185.0 73.5 
196 18.17 177.6 71.5 
200 18.49 198.4 67.0 
204 18.81 161.6 59.5 
208 19.13 169.5 53.5 
212 19.45 153.6 54.5 
216 19.77 164.7 91.0 
217 19.84 191.1 92.5 
218 19.92 186.9 79.0 
219 20.00 158.5 67.0 
220 20.08 190.4 60.0 
221 20.16 163.5 55.0 
224 20.40 129.0 47.0 
228 20.72 137.2 49.0 
232 21.04 162.8 51.5 
236 21.36 144.8 51.5 
240 21.68 169.1 51.5 
244 22.00 149.4 57.5 
248 22.31 155.5 52.5 
252 22.63 147.1 48.0 
256 22.95 146.3 50.0 
260 23.27 155.1 59.0 
264 23.59 175.2 57.0 
268 23.91 146.0 56.0 
272 24.23 170.3 56.0 
276 24.54 149.4 54.5 
280 24.86 177.1 62.0 
284 25.18 151.5 57.0 
288 25.50 162.6 61.0 
292 25.82 157.5 63.5 
296 26.14 171.0 65.0 

Table 1 Luochuan results.  (Continued)

Depth 
(cm)

Age 
(kyr BP)

10Be concentration (Be(M))
(106 atoms/g) (decay corrected)

Magnetic susceptibility
(SUS(M)) (108 m3/kg)
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300 26.46 191.9 66.0 
304 26.78 184.5 67.0 
308 27.09 202.6 75.5 
312 27.41 200.8 77.0 
316 27.73 197.2 77.0 
320 28.05 168.1 77.5 
324 28.37 208.1 78.0 
328 28.69 186.0 81.0 
332 29.01 202.2 81.5 
336 29.32 178.3 82.5 
340 29.64 213.6 82.5 
344 29.96 201.7 80.5 
348 30.28 224.1 82.0 
352 30.60 182.4 83.5 
356 30.92 221.5 84.5 
360 31.24 218.5 84.5 
364 31.55 220.8 86.5 
368 31.87 200.0 87.0 
372 32.19 217.4 87.5 
376 32.51 195.4 88.5 
380 32.83 217.4 90.5 
384 33.15 205.3 93.0 
388 33.47 220.0 91.5 
392 33.79 244.1 93.5 
396 34.10 224.9 97.5 
400 34.42 266.6 100.0 
404 34.74 234.0 97.5 
408 35.06 263.8 97.5 
412 35.38 231.3 99.0 
416 35.70 293.2 100.5 
420 36.02 239.7 101.5 
424 36.33 237.8 104.0 
428 36.65 246.4 100.0 
432 36.97 262.7 102.0 
436 37.29 259.9 107.0 
440 37.61 257.4 108.0 
444 37.93 258.7 108.5 
448 38.25 240.3 107.0 
452 38.57 265.0 107.5 
456 38.88 246.8 106.5 
460 39.20 255.0 106.0 
464 39.52 238.4 105.0 
468 39.84 275.6 107.0 
472 40.16 259.3 107.0 
476 40.48 268.3 107.5 
480 40.80 236.7 107.0 

Table 1 Luochuan results.  (Continued)

Depth 
(cm)

Age 
(kyr BP)

10Be concentration (Be(M))
(106 atoms/g) (decay corrected)

Magnetic susceptibility
(SUS(M)) (108 m3/kg)

https://doi.org/10.1017/S0033822200045082 Published online by Cambridge University Press

https://doi.org/10.1017/S0033822200045082


Reconstruction of 130-kyr Relative Geomagnetic Intensities in 10Be 139

484 41.11 275.9 108.5 
488 41.43 263.6 107.5 
492 41.75 276.1 106.5 
496 42.07 279.0 105.5 
500 42.39 278.4 105.5 
504 42.71 277.4 107.0 
508 43.03 273.6 105.5 
512 43.34 276.4 106.5 
516 43.66 284.5 106.0 
520 43.98 273.7 103.5 
524 44.30 276.7 105.0 
528 44.62 264.8 107.0 
532 44.94 288.1 105.5 
536 45.26 252.7 107.0 
540 45.58 272.1 106.0 
544 45.89 245.4 105.5 
548 46.21 274.1 107.0 
552 46.53 251.8 107.0 
556 46.85 271.2 108.5 
560 47.17 265.8 108.0 
564 47.49 246.9 107.5 
568 47.81 254.8 110.0 
572 48.12 278.0 109.0 
576 48.44 263.9 109.5 
580 48.76 255.3 110.5 
584 49.08 250.5 110.5 
588 49.40 202.9 102.5 
592 49.72 224.6 101.5 
596 50.04 251.1 113.5 
600 50.35 233.3 115.5 
604 50.67 268.2 120.5 
608 50.99 267.7 126.0 
612 51.31 257.2 134.0 
616 51.63 224.2 125.0 
620 51.95 257.2 126.0 
624 52.27 270.6 131.0 
628 52.59 264.3 135.5 
632 52.90 246.5 138.5 
636 53.22 272.1 137.5 
640 53.54 244.4 136.0 
644 53.86 278.7 140.5 
648 54.18 234.1 139.0 
652 54.50 255.4 132.0 
656 54.82 238.9 131.5 
660 55.13 243.3 124.0 
664 55.45 236.0 124.5 

Table 1 Luochuan results.  (Continued)

Depth 
(cm)

Age 
(kyr BP)

10Be concentration (Be(M))
(106 atoms/g) (decay corrected)

Magnetic susceptibility
(SUS(M)) (108 m3/kg)
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668 55.77 258.1 115.0 
672 56.09 234.7 111.5 
676 56.41 243.1 113.5 
680 56.73 214.1 113.0 
684 57.05 244.2 108.5 
688 57.37 243.6 107.5 
692 57.68 231.0 108.0 
696 58.00 221.0 108.5 
700 58.32 248.2 98.0 
704 58.64 231.0 88.5 
708 58.96 233.6 83.0 
712 59.28 198.6 71.0 
716 59.60 203.6 62.5 
720 59.91 204.4 62.5 
724 60.23 191.2 61.0 
728 60.55 173.6 59.0 
732 60.87 197.4 57.5 
736 61.19 189.6 54.5 
740 61.51 183.8 55.5 
744 61.83 183.1 53.5 
748 62.14 170.9 54.0 
752 62.46 186.4 52.5 
756 62.78 192.1 53.0 
760 63.10 194.1 52.5 
764 63.42 199.3 54.5 
768 63.74 195.7 51.5 
772 64.06 189.0 52.0 
776 64.38 194.4 50.0 
780 64.69 171.2 48.0 
784 65.01 173.9 46.5 
788 65.33 175.6 44.5 
792 65.65 160.9 47.0 
796 65.97 151.9 42.5 
800 66.29 167.3 43.0 
804 66.61 154.0 43.0 
808 66.92 171.2 43.5 
812 67.24 155.6 44.0 
816 67.56 170.4 43.5 
820 67.88 157.5 42.0 
824 68.20 167.8 42.5 
828 68.52 153.1 42.5 
832 68.84 165.5 41.5 
836 69.15 153.3 42.5 
840 69.47 167.2 45.5 
844 69.79 176.6 48.0 
848 70.11 169.0 48.0 

Table 1 Luochuan results.  (Continued)

Depth 
(cm)

Age 
(kyr BP)

10Be concentration (Be(M))
(106 atoms/g) (decay corrected)

Magnetic susceptibility
(SUS(M)) (108 m3/kg)
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852 70.43 173.5 49.0 
856 70.75 181.3 53.0 
860 71.07 167.6 50.0 
864 71.39 161.7 54.0 
868 71.70 179.4 64.0 
872 72.02 197.6 70.5 
876 72.34 214.5 72.5 
880 72.66 210.2 74.0 
884 72.98 203.0 72.0 
888 73.30 201.3 71.5 
892 73.62 206.2 72.0 
896 73.93 206.5 71.0 
900 74.25 210.3 68.0 
904 74.57 204.1 62.0 
908 74.89 198.0 55.5 
912 75.21 188.8 53.0 
916 75.53 202.5 56.0 
920 75.85 180.7 48.0 
924 76.17 180.2 48.0 
928 76.48 179.8 49.0 
932 76.80 178.5 43.5 
936 77.12 167.1 38.5 
940 77.44 165.8 37.5 
944 77.76 170.2 41.0 
948 78.08 166.1 47.0 
952 78.40 176.9 49.0 
956 78.71 177.7 52.0 
960 79.03 187.9 53.0 
964 79.35 202.5 57.0 
968 79.67 215.6 70.5 
972 80.55 322.2 162.0 
976 81.55 362.2 200.5 
980 82.63 338.4 209.5 
984 83.73 360.9 197.0 
988 84.55 297.9 161.0 
992 85.51 363.4 213.5 
996 86.68 355.6 219.0 

1000 87.93 379.9 214.0 
1004 89.13 358.5 208.0 
1008 90.46 325.6 208.0 
1012 91.74 353.7 200.5 
1016 92.78 356.7 204.0 
1020 93.63 344.2 207.5 
1024 94.47 325.5 189.5 
1028 95.52 375.4 227.0 
1032 96.71 349.2 197.5 

Table 1 Luochuan results.  (Continued)

Depth 
(cm)

Age 
(kyr BP)

10Be concentration (Be(M))
(106 atoms/g) (decay corrected)

Magnetic susceptibility
(SUS(M)) (108 m3/kg)
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1036 97.67 377.1 225.5 
1040 98.68 382.8 230.5 
1048 100.77 455.5 237.0 
1052 101.97 373.6 241.0 
1060 104.08 364.8 228.0 
1064 105.35 427.8 239.0 
1068 106.52 385.2 232.0 
1076 108.49 392.9 240.0 
1080 109.31 398.8 239.0 
1084 110.18 405.9 237.0 
1088 111.12 409.9 237.5 
1092 112.05 394.6 234.0 
1096 112.90 380.7 240.5 
1100 113.73 421.4 238.5 
1104 114.66 403.3 239.0 
1108 115.73 388.2 225.5 
1112 116.59 422.5 220.5 
1116 117.53 388.1 226.0 
1120 118.53 431.7 224.5 
1124 119.45 385.4 219.0 
1128 120.21 418.0 209.0 
1132 120.87 379.9 204.5 
1136 121.54 386.1 190.5 
1140 122.26 357.9 185.5 
1144 122.99 374.6 184.0 
1148 123.66 357.5 173.5 
1152 124.33 395.5 190.5 
1156 125.08 367.3 184.0 
1160 125.73 352.9 161.0 
1164 126.24 300.3 138.5 
1168 126.74 343.6 131.0 
1172 127.29 343.1 156.0 
1176 127.92 314.6 169.5 
1180 128.76 332.2 160.0 
1184 129.30 246.2 102.0 
1188 129.72 204.2 46.0 
1192 130.16 153.8 55.5 
1196 130.58 220.7 66.5 
1200 130.95 149.0 45.5 
1204 131.29 111.6 28.5 
1208 131.66 103.8 27.5 
1212 132.05 111.5 28.0 
1216 132.39 109.0 28.0 

Table 1 Luochuan results.  (Continued)

Depth 
(cm)

Age 
(kyr BP)

10Be concentration (Be(M))
(106 atoms/g) (decay corrected)

Magnetic susceptibility
(SUS(M)) (108 m3/kg)
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Table 2  Xifeng results. 

Depth 
(cm)

Age 
(kyr BP)

10Be concentration (Be(M))
(106 atoms/g) (decay corrected)

Magnetic susceptibility
(SUS(M)) (108 m3/kg)

1 0.11 179.5 93.0 
4 0.66 176.0 87.5 
8 1.55 146.8 87.5 

12 2.43 157.8 87.8 
16 3.31 150.8 89.3 
20 4.19 157.0 86.3 
24 5.08 141.2 87.8 
28 5.96 159.8 88.3 
32 6.53 189.8 98.8 
36 7.01 170.0 105.3 
40 7.48 189.4 114.0 
44 7.95 210.0 128.5 
48 8.43 207.2 132.5 
52 8.90 224.8 133.0 
56 9.12 218.6 129.5 
60 9.27 212.8 127.0 
64 9.43 191.7 118.8 
68 9.58 189.1 115.8 
72 9.73 187.1 107.5 
76 9.89 193.5 108.3 
80 10.04 181.7 95.0 
84 10.19 165.5 100.8 
88 10.34 153.9 88.5 
92 10.50 172.3 84.0 
96 10.65 164.8 83.5 

100 10.80 168.7 81.5 
104 10.96 163.3 79.0 
108 11.11 163.9 82.0 
112 11.26 148.9 80.5 
116 11.42 125.8 54.0 
120 11.57 141.0 51.5 
124 11.72 164.8 74.0 
128 11.88 183.8 102.0 
132 12.03 222.1 117.5 
140 12.18 168.0 70.5 
144 12.33 131.3 52.0 
148 12.49 124.0 49.5 
152 12.64 146.3 58.5 
156 12.79 136.3 58.0 
160 12.95 153.8 57.5 
164 13.10 145.5 47.5 
168 13.43 122.2 51.0 
172 13.76 118.1 41.5 
176 14.10 124.8 45.0 
180 14.43 122.9 46.5 
184 14.76 108.4 42.0 
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188 15.09 112.8 38.5 
192 15.43 115.1 41.0 
196 15.76 112.7 41.0 
200 16.09 120.3 40.5 
204 16.42 116.7 39.0 
208 16.76 129.9 40.5 
212 17.09 116.9 39.0 
216 17.42 121.9 39.0 
220 17.75 122.4 40.0 
224 18.09 104.1 40.5 
228 18.42 111.2 40.0 
232 18.75 120.1 44.0 
236 19.08 119.4 37.0 
240 19.42 119.2 40.5 
244 19.75 120.4 44.5 
260 20.08 132.4 42.5 
264 20.26 123.1 43.0 
268 20.44 129.7 41.0 
272 20.61 134.7 40.5 
276 20.79 117.7 40.5 
280 21.09 123.1 40.5 
284 21.39 109.9 41.0 
288 21.69 126.5 40.5 
292 21.99 110.5 41.0 
296 22.29 111.8 42.5 
300 22.59 119.3 42.0 
320 23.75 124.3 42.5 
340 24.92 129.2 44.5 
360 26.08 137.7 51.5 
380 27.25 142.6 56.5 
400 28.41 135.5 55.0 
420 29.58 145.1 59.5 
440 30.74 146.0 58.5 
460 31.91 159.7 65.5 
480 33.07 167.1 67.5 
488 34.24 191.6 75.0 
492 35.40 206.8 78.5 
496 35.82 198.4 78.0 
500 36.24 195.1 80.0 
504 36.66 187.5 81.5 
508 37.08 204.4 79.5 
512 37.51 174.0 76.5 
516 37.93 181.8 80.0 
520 38.35 183.3 78.0 
524 38.77 194.2 78.5 
528 39.19 187.4 76.0 

Table 2  Xifeng results.  (Continued)

Depth 
(cm)

Age 
(kyr BP)

10Be concentration (Be(M))
(106 atoms/g) (decay corrected)

Magnetic susceptibility
(SUS(M)) (108 m3/kg)
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536 39.61 196.8 79.0 
540 39.80 207.3 78.5 
544 39.98 204.8 77.5 
548 40.17 200.2 75.5 
552 40.35 204.7 74.0 
556 40.54 175.5 75.0 
560 40.72 204.1 73.5 
564 40.91 178.1 72.0 
568 41.09 174.3 72.5 
572 41.28 177.4 69.5 
576 41.46 177.3 71.5 
580 41.65 206.5 70.0 
584 42.19 219.0 68.0 
588 42.74 214.1 66.5 
592 43.28 221.5 64.0 
600 43.83 213.1 66.0 
620 44.37 215.3 71.5 
640 44.91 219.8 68.5 
660 45.46 214.0 66.0 
680 46.00 207.8 68.5 
700 47.98 171.9 64.0 
720 49.00 182.7 61.0 
740 50.12 188.1 64.5 
760 51.50 195.0 86.0 
780 52.88 201.6 94.5 
800 54.25 207.6 106.5 
820 55.58 197.3 97.5 
840 56.91 194.8 86.5 
860 58.24 184.1 76.5 
880 59.57 179.7 74.5 
900 60.90 155.9 49.5 
920 62.23 154.4 44.0 
940 63.57 149.2 41.5 
960 64.90 155.1 35.0 
980 66.23 131.0 32.0 

1000 67.98 123.2 33.0 
1020 70.02 122.9 33.0 
1040 72.06 130.4 38.0 
1060 74.09 142.9 41.5 
1080 76.13 145.3 44.5 
1100 78.17 135.4 39.5 
1104 78.58 128.9 34.5 
1108 78.98 138.9 46.0 
1112 79.39 158.0 57.5 
1116 79.80 158.9 63.0 
1120 80.41 232.1 129.5 

Table 2  Xifeng results.  (Continued)

Depth 
(cm)

Age 
(kyr BP)

10Be concentration (Be(M))
(106 atoms/g) (decay corrected)

Magnetic susceptibility
(SUS(M)) (108 m3/kg)
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1124 81.08 240.2 121.0 
1128 81.76 258.7 145.0 
1132 82.43 253.0 145.5 
1136 83.11 254.9 145.5 
1140 83.78 250.2 147.5 
1144 84.46 251.6 139.0 
1148 85.13 257.9 146.5 
1152 85.81 253.8 144.5 
1156 86.48 239.7 136.5 
1160 87.16 245.0 148.0 
1164 87.83 242.3 141.0 
1168 88.51 248.6 145.5 
1172 89.18 246.0 139.0 
1176 89.86 249.2 147.0 
1180 90.53 266.8 162.0 
1184 91.21 258.0 160.0 
1188 91.88 266.6 160.0 
1192 92.56 270.7 166.0 
1196 93.23 271.5 173.0 
1200 93.91 280.8 185.0 
1204 94.58 286.7 187.5 
1208 95.26 287.5 192.5 
1212 95.93 295.8 196.5 
1216 96.47 303.2 189.5 
1220 96.97 288.2 186.0 
1224 98.67 296.4 178.0 
1228 100.63 303.7 203.0 
1232 102.59 307.1 206.0 
1236 104.54 305.2 196.5 
1240 106.50 318.8 198.5 
1244 107.42 279.6 173.5 
1248 108.34 293.7 196.5 
1252 109.27 287.7 184.0 
1256 110.19 291.1 184.0 
1260 111.11 300.8 182.5 
1264 111.72 300.2 196.5 
1268 112.34 303.4 194.5 
1272 112.95 303.4 188.5 
1276 113.56 297.9 188.0 
1280 114.17 314.1 183.0 
1284 114.79 315.3 183.5 
1288 115.40 326.6 187.0 
1292 115.90 309.1 191.5 
1296 116.40 318.6 199.0 
1300 116.90 333.0 195.5 
1304 117.40 302.1 187.5 

Table 2  Xifeng results.  (Continued)

Depth 
(cm)

Age 
(kyr BP)

10Be concentration (Be(M))
(106 atoms/g) (decay corrected)

Magnetic susceptibility
(SUS(M)) (108 m3/kg)
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1308 117.90 334.6 188.0 
1312 118.40 317.8 180.0 
1316 118.90 328.8 179.0 
1320 119.40 341.4 185.5 
1324 119.72 316.0 181.5 
1328 120.05 323.1 184.5 
1332 120.37 319.6 181.0 
1336 120.69 335.9 182.0 
1340 121.02 343.7 191.5 
1344 121.34 339.9 187.5 
1348 121.66 328.4 183.5 
1352 121.98 325.3 175.0 
1356 122.31 338.4 172.5 
1360 122.63 312.3 181.5 
1364 122.95 327.8 180.0 
1368 123.28 322.7 180.0 
1372 123.60 320.3 177.0 
1376 123.92 320.3 177.0 
1380 124.25 336.0 187.5 
1384 124.57 326.6 177.0 
1388 124.89 316.5 184.5 
1392 125.22 315.7 184.5 
1396 125.54 312.4 165.5 
1400 125.86 299.2 165.5 
1404 126.18 285.5 151.5 
1408 126.51 273.7 146.0 
1412 126.83 298.4 154.0 
1416 127.15 263.8 143.5 
1420 127.48 274.4 138.5 
1424 127.80 237.4 138.0 
1428 128.09 225.9 130.5 
1432 128.37 207.2 122.0 
1436 128.66 201.9 121.0 
1440 128.94 230.5 121.0 
1444 129.23 235.5 128.5 
1448 129.51 250.6 120.0 
1452 129.80 196.2 108.0 
1456 130.09 209.1 108.0 
1460 130.37 209.9 110.5 
1464 130.66 197.1 104.0 
1468 130.94 199.1 100.5 
1472 131.23 180.6 87.5 
1476 131.51 180.8 93.0 
1480 131.80 178.7 75.0 
1484 132.09 171.3 84.0 
1488 132.37 177.4 87.5 

Table 2  Xifeng results.  (Continued)

Depth 
(cm)

Age 
(kyr BP)

10Be concentration (Be(M))
(106 atoms/g) (decay corrected)

Magnetic susceptibility
(SUS(M)) (108 m3/kg)
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