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Eolian sediment sequences on the Chinese Loess Plateau (CLP) 
are one of the best continental archives of paleoclimate change 
in the late Cenozoic Era. Variations in paleoclimate proxies in 
loess sequences, such as magnetic susceptibility (MS) and sedi-
mentary grain size (GS), are standard tools to evaluate the time 
series of paleoclimatic fluctuations that bear a remarkable cor-
relation with monsoon variability on multimillennial timescales. 
Monsoonal dynamics are linked to the rhythms of solar insolation, 
ice volume changes, and ocean–atmosphere energy exchange (Ding 
et al., 1994).

Recently, Ao et al. (2016) published an 8 Myr record of the 
enhanced Miocene–Pliocene monsoon intensification model linked 
to the stepwise increase of the Antarctic ice-sheet. Their climate 
change evaluation is based on the age model of the so-called 
New Shilou red clay section situated ∼13 km southeast of Shilou 
County (Shanxi Province) on the eastern CLP. The New Shilou sec-
tion is situated ∼1 km from the Shilou section, which was already 
dated at 11 Myr using magnetostratography (Xu et al., 2009). In 
2015, T.A., V.A.K., and R.Z. re-examined the magnetostratigraphic, 
MS and GS data for the Shilou section applying the analysis of 
orbital periodicities registered in the climate proxies (Anwar et 
al., 2015). After creating a first-order magnetostratigraphic correla-

DOI of original article: https://doi.org/10.1016/j.epsl.2016.03.028.
DOI of reply to comment: https://doi.org/10.1016/j.epsl.2018.08.045.

* Corresponding author at: Geophysics, Department of Physics, University of Al-
berta, Edmonton, Alberta T6G 2E1, Canada.

E-mail address: vadim@ualberta.ca (V.A. Kravchinsky).
https://doi.org/10.1016/j.epsl.2018.08.033
0012-821X/© 2018 Elsevier B.V. All rights reserved.
tion with the geomagnetic polarity time scale (GPTS), Anwar et al.
(2015) performed spectral analysis of the MS and GS time series. If 
the spectral peaks of the MS and GS data sets did not correspond 
to any Milankovitch periodicities, they found a new correlation be-
tween the geomagnetic polarity record in the section and the GPTS 
and created another new age model. The iterative procedure was 
repeated until the 400 and 100 kyr eccentricity cycles showed the 
best resolution. Once the eccentricity cycles were confidently re-
solved, the correlation of the geomagnetic polarity pattern with 
the GPTS was considered to be confirmed and the final magne-
tostratigraphic age model was produced. The sedimentation rates 
in the section were continuously monitored during every iterative 
step to avoid any sudden unexplained rate jumps in the section. 
After the final age model was established, the section was dated at 
5.2 Ma, which is cardinally different from the age models in Xu et 
al. (2009, 2012) and Ao et al. (2016). Anwar et al. (2015) pointed 
out that magnetostratigraphy dating based only on visual correla-
tion could potentially lead to an erroneous age model, as some of 
the polarity events could be misinterpreted. Anwar et al. (2015)
assessed the paleomonsoon evolution only after establishing a re-
liable age model.

This comment points to two major oversights in Ao et al. (2016)
that could lead to an erroneous age model and consequently to 
incorrect paleoclimate interpretation. (1) A subjective visual corre-
lation of the red clay magnetostratigraphic profile with the GPTS 
provided in Xu et al. (2009) and Ao et al. (2016) cannot pro-
duce a reliable age model without a cyclostratigraphic approach, 
especially in the absence of biostratigraphy or isotope stratigra-
phy constraints. (2) High-resolution continuous sampling enables 
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the resolution not only of geomagnetic polarity zones but also of 
short geomagnetic events, geomagnetic excursions in environments 
with relatively high sedimentation rates. Special precautions must 
be taken when correlating the magnetostratigraphic section to the 
GPTS to avoid defining a geomagnetic excursion as a geomagnetic 
polarity event. Cande and Kent (1992) applied an arbitrary cut-off 
of polarity events shorter than 30 kyr from the GPTS in order to 
separate geomagnetic polarity reversals from geomagnetic anoma-
lies due to short-term variations. Thus, the GPTS is a smoothed 
record that excludes geomagnetic excursions and so-called tiny 
wiggles. The principle is adapted in all GPTS versions (Cande and 
Kent, 1995; Gee and Kent, 2007; Ogg, 2012). Direct correlation of 
every polarity event in the red clay sections to every GPTS polarity 
chron would potentially lead to an erroneous age model if there is 
no additional age evidence (fossils, absolute dating, or cyclostratig-
raphy).

Magnetostratigraphy of red clay successions in central and east-
ern parts of the CLP have been established in many sections by 
visual correlation between geomagnetic events and the GPTS (Sup-
plementary Fig. 1). Supplementary Table 1 summarizes thickness 
and sedimentation rates of the major red clay sections on the 
central and eastern CLP. Some of these sections contain classical 
loess sections on top of the red clay. Based on different age mod-
els produced by visual correlation with the GPTS, published red 
clay sections can be divided into two groups based on sedimenta-
tion rate (Supplementary Table 1), that is, high sedimentation rates 
of 22–28 mm/kyr and low sedimentation rates of 11–14 mm/kyr. 
However, grain size and magnetic susceptibility in these red clay 
sequences show only slight variations from north to south (Ding 
et al., 2000). Anwar’s age model placed the Shilou section into the 
high sedimentation rate group whereas age models in Xu et al.
(2009) and Ao et al. (2016) and more recent Ao et al. (2017) placed 
the Shilou section into the low sedimentation rate group based on 
visual correlation (Supplementary Table 1).

Only a few studies performed a spectral analysis of the MS 
data to confirm the correctness of their magnetostratigraphic age 
models for red clay with Milankovitch periodicities (Evans et al., 
1991; Vandenberghe et al., 2004; Sun et al., 2006, 2010; Nie, 
2011). Eccentricity cycles of 400 and 100 kyr were reported to be 
2.6–3.4 Ma for Lingtai (Sun et al., 2006) and 2–4 Ma for Chaona 
(Nie, 2011) and Baoji (Evans et al., 1991). In Supplementary Ta-
ble 1, red clay sections where spectral analysis was performed to 
evaluate Milankovitch periodicities are placed in the group with 
high sedimentation rates, that is, Lingtai (Sun et al., 2006), Chaona 
(Nie, 2011), and Shilou (Anwar et al., 2015). An exception is the 
very first magnetostratigraphic work on red clay in the Baoji sec-
tion (Evans et al., 1991). Evans et al. (1991) discussed a possible 
drawback of their time scale and the possibility of an alternative 
age model for the Baoji section.

Ao et al. (2016) incorrectly referred to a micromammal fossil in 
the nearest Shilou section (Xu et al., 2012) to support their visual 
correlation of the geomagnetic polarity pattern in the New Shilou 
section with the GPTS. Xu et al. (2012) did not describe any mi-
cromammal findings, but mentioned a single tooth finding in their 
section. It must be noted that the tooth was dated using their mag-
netistratigraphic age model, it was not the date of the tooth that 
contributed to the age model (Xu et al., 2012). Moreover, Xu et 
al. (2012) clearly stated that there were no large mammal fossils 
in the section. Therefore, the tooth finding cannot be used as evi-
dence to support the magnetostratigraphic age model of Ao et al.
(2016). In short there are no biostratigraphic constraints in either 
the Shilou or the New Shilou section.

Assigning a magnetostratigraphy interval as a polarity chron or 
a geomagnenetic excursion is a challenging task and a subjective 
approach could lead to erroneous interpretation in red clay se-
quences without independent age controls. In the same section, 
sedimentation rates are variable for different time intervals and 
the deposition process is not perfectly continuous in eolian se-
quences (Zhu et al., 2007). These factors can lead to a situation 
in which a geomagnetic excursion could be interpreted as a longer 
polarity interval and a polarity chron could appear to be a short 
geomagnetic event. In Ao et al. (2016) some polarity intervals are 
mistakenly interpreted as geomagnetic excursions and vice versa, 
while polarity intervals and geomagnetic excursions still correlate 
with polarity subchrons on the GPTS. In Fig. 1 we reanalyze the 
correlation of polarity intervals and geomagnetic excursions with 
the GPTS and compare the polarity intervals and geomagnetic ex-
cursions with the age model in Anwar et al. (2015). Seven polarity 
intervals are discussed below.

The average sedimentation rates are 26 mm/kyr for the Shilou 
section (Anwar et al., 2015) and 16 mm/kyr for the New Shilou 
section (Ao et al., 2016), therefore, thicknesses of <0.78 m in the 
Shilou section and <0.48 m in the New Shilou section correspond 
to a time interval of ≤30 kyr. Short polarity records from the pro-
file in Ao et al. (2016) with ≤30 kyr duration should therefore 
be considered to be geomagnetic excursions not registered in the 
standard GPTS. Ao et al. (2016) considered every polarity event 
to be a GPTS interval. However, Spassov et al. (2011) numerically 
modeled their record of the Olduvai subchron termination in the 
Lingtai section and concluded that the loess does not necessarily 
represent an actual transitional polarity change interval but re-
flects lithogenic variations. Jin et al. (2012) demonstrated that only 
a statistical approach can effectively evaluate the presence of short 
polarity events of a few thousand years duration with a condition 
that the event is already firmly dated. They effectively evaluated a 
geomagnetic precursor to the Matuyama–Brunhes reversal in Chi-
nese loess using five sets of direction data. This implies that visual 
correlation of short geomagnetic events to the GPTS can produce 
an erroneous age model, as demonstrated by Anwar et al. (2015).

Further, we re-evaluated the magnetostratigraphic profile from 
Ao et al. (2016) by removing eight suspected short geomagnetic 
events from the correlation with the GPTS. After this procedure 
the profile becomes identical to the profile in Anwar et al. (2015)
(Fig. 1). Ao et al. (2016) ignored short event 1, which was repre-
sented by only 2 samples (∼0.4 m, i.e., ≤30 kyr), however, inter-
preting comparable thickness events 6 (4 samples) and 7 (2 sam-
ples) as polarity chrons. Short event 2 is about 1 m thick, repre-
senting a time interval of about 80 kyr, but short event 3 is only 
∼30–40 kyr long, however, it is correlated to the 100 kyr long po-
larity interval of 3.2–3.3 Ma in the GPTS (Ao et al., 2016). Besides, 
event 3 does not have fully reversed directions; the inclinations 
barely pass into negative numbers. Three negative inclination ex-
cursions are reported in the normal polarity interval C2An.n1 in 
the Lake Baikal record (Kravchinsky, 2017) and four excursions 
are reported in oceanic sediments (Ohno et al., 2012). Events 4 
and 8 demonstrate rapid swings of polarity during very short pe-
riods of time with a thickness of 0.3–0.5 m and may appear to 
be excursions; however, they are subjectively correlated to polarity 
subchrons of the GPTS in Ao et al. (2016). Event 5 is a long inter-
val and could represent an actual geomagnetic event, however, it 
does not have to be a polarity chron, it might be an unresolved 
double excursion as reported in Kravchinsky (2017). Our correla-
tion in Fig. 1 is based on the magnetostratigraphy profile in Anwar 
et al. (2015) where the age model is confirmed by resolution of 
the eccentricity cycles.

We conclude that the use of cyclostratigraphy in addition to 
magnetostratigraphy is the only correct approach to date red clay 
sequences when other dating methods are unavailable. However, 
this approach should be applied with caution, as incorrect data 
treatment can produce erroneous output for the spectral analysis. 
In any case, erroneous age models, which can result from visual 
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Fig. 1. Comparison of the Shilou Red Clay magnetostratigraphic records from Ao et al. (2016) and Anwar et al. (2015). The two sections situate ∼1 km from each other. Left 
panel – the magnetostratigraphic data from Ao et al. (2016), where possible short geomagnetic events (≤30 kyr) are marked with numbers from (1) to (7). Right panel is 
the age model based on tuning of magnetostratigraphy to cyclostratigraphy (Anwar et al., 2015). (For interpretation of the colors in the figure(s), the reader is referred to the 
web version of this article.)
correlation of polarity events in red clay and the GPTS, cause in-
correct paleoclimate interpretations.
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Supplementary Table 1. Thicknesses and sedimentation rates of the red clay and classical loess sequences in China. Numbers of the 
sections correspond to Supplementary Figure 1.  
 

Red clay section 
Age of red 

clay sequence 

Magnetostra- 
tigraphy and 
cyclostrati- 

graphy dating 

Thickness 
of red clay
（m） 

Sedimentation 
rate of red clay 

(mm/kyr) 

Thickness 
of loess  

(m) 

Sedimentation 
rate of loess 
(mm/kyr) 

References 

Central part of the Chinese Loess Plateau 

1 Lingtai 2.6-7.1Ma yes 135 ~29 130 ~50 Ding et al., 1998 

2 Chaona 2.6-8.1Ma 
yes 

125 ~23 175 ~67 
Song et al., 2007; Nie 

et al., 2008 

3 Pingliang 2.6-7.2Ma no 130 ~28 162 ~62 Sun et al., 1998 

4 Xunyi 2.6-6.8Ma no 90 ~22 140 ~54 Xue et al., 2001 

5 Jingchuan 2.6-7.7 Ma no 126 ~25 199 ~75 Ding et al., 2001 

6 Baoji 2.5-3.3Ma yes 27 ~14 160 ~61 Evans et al., 1991  

7 BJZ 2.6-6.9Ma no 66 ~15 − − An et al., 2001 

8 ZJC 2.6-7.2Ma no 57 ~12 − − An et al., 2001 

9 Xifeng 2.6-6.3Ma 
no 

60 ~16 180 ~69 
Vandenberghe et al., 

2004 

10 Lantian 2.6-7.3Ma no 60 ~13 132 ~50 Zheng et al., 1991 
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Eastern part of the Chinese Loess Plateau 

11 Baode 2.6-6.2Ma no 73 ~20 − − Zhu et al., 2008 

12 Jiaxian 2.6-5.2Ma no 65 ~25 − − Ding et al., 1998 

12 Jiaxian 2.6-8.1Ma no 60 ~11 − − Qiang et al., 2004 

13 Weijiawa 4.2-8.1Ma no 102 ~21 − − Li et al., 2009 

14 Shilou 2.6-11Ma no 68 ~8 − − Xu et al., 2009, 2012 

14 Shilou 2.6-5.2Ma yes 68 ~26 − − Anwar et al., 2015 

14 New Shilou 2.6-8.1Ma no 88 ~16 − − Ao et al., 2016 

14 Newer Shilou 3.5-7.5Ma no 68 ~17 − − Ao et al., 2017 
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Supplementary Figure 1. Schematic map of the Chinese Loess Plateau with the red clay 

sections discussed in the text. Numbers of the sections correspond to Supplementary 

Table 1; numbers in the brackets are the thickness / average sedimentation rate (see 

Supplementary Table 1 for details). 
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