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Abstract

In 2012, the 400-hectare Shimao site (2200—1700 cal BC) in the North Loess Pla-
teau was recognised as a late Neolithic stone fortification. Subsequently, radio-
carbon dates from Shimao and neighbouring sites including Dakou, Xinhua and
Zhukaigou became available. Given the lack of a comprehensive analysis of the
chronological sequence in the region, this study conducts a thorough review of all
published radiocarbon dates from the North Loess Plateau spanning 2800 to 1500
BC to reevaluate the current chronology and patterns of human occupation shifts.
These dates were subjected to quality control measures, followed by calibration and
Bayesian modelling using OxCal v 4.4.4. The analysis reveals a trend of human oc-
cupation shifting southward in the region; however, the radiocarbon sequence does
not exhibit a clear pattern that aligns with the notion of distinct ‘cultural period’
transitions suggested by the conventional typo-chronological framework. In light of
this, an alternative chronological framework is introduced, emphasising the timing
of regional concentration and change of human occupation, to offer another possible
interpretation for the transition. This revised framework highlights a dynamic tran-
sition that involves integration, reconfiguration and transformation among settle-
ment groups within the region, allowing a coverage of multiple ‘cultural groups’ in
various sub-regions during a single period.
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Introduction

The 400-hectare site of Shimao (22001700 cal BC) was recognised as a late Neo-
lithic stone fortification in 2011-2012. This extraordinary discovery overturned the
prevailing notion of the sparsely populated North Loess Plateau (northern frontier of
present-day China) and reignited scholarly curiosity about its role in the process lead-
ing to ‘Chinese civilisation’. This region is characterised by stone fortification, which
is uncommon in the Central Plain. Besides Shimao, several smaller fortifications,
dating approximately between 2800 and 1500 BC (Institute of Archaeology, Chinese
Academy of Social Sciences [CASS], 2010; Han, 2003, 2008; Sun, 2000, 2016; Tian
& Guo, 2004; Wei & Cao, 1999), are scattered across the North Loess Plateau.

In recent decades, more radiocarbon dating of Shimao and some surrounding sites
in the southern sector of the North Loess Plateau has become available and has been
used to establish the chronological sequence of the entire region, (e.g. Dai, 2016a;
Sun, 2016). Although some radiocarbon dates are considered, the currently adopted
chronological sequence is primarily built upon ceramic typology, which assumes
sites with similar ceramic types are contemporaneous. More importantly, a compre-
hensive analysis of the available radiocarbon (**C) dates from the region is yet to
be undertaken. Therefore, this paper amalgamates recent and older published dates,
some predating the 2000s, all of which require recalibration using the most up-to-
date calibration curve.

This paper aims to re-examine the conventional typo-chronology in the North
Loess Plateau and evaluate the accuracy of the current chronology, which proposes
a sequential or contiguous sequence rather than an overlapped one. This paper also
reevaluates the hypothesis of a southward shift of human occupation within the
region. An alternative chronological framework is developed to offer new insights
into interpreting the shifting patterns and contextualising spatial and temporal changes
across the region. This framework highlights the shifting pattern as a dynamic pro-
cess, which is different from the conventional notion of transitions between distinct
‘cultural periods’.

In the following, a background of Shimao and the broader region of the North
Loess Plateau, the conventional chronological framework currently adopted, and
some issues with the application of radiocarbon dates in the past will be provided.
After that, the materials and methods will be discussed, followed by the results. Dis-
cussions focusing on (1) a re-evaluation of the current chronological framework, (2)
the shifting pattern of human occupation, (3) a refined chronological framework, and
(4) further implications of the findings for a broader region will be provided before
the conclusion.

Shimao and the North Loess Plateau
The North Loess Plateau, covering southern and central Inner Mongolia, northern
Shaanxi and northern Shanxi, is located within the northern part of the ‘arc’ region

(Rawson, 2013, 2015), also known as the ‘Northern Zone’ (see Lin, 1986; Watson,
1971) (Fig. 1). The region is situated in a climate- and environment-sensitive area on
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Fig. 1 The directions of sources of the East Asian Summer Monsoon, Indian Monsoon (southwest
monsoon) and the westerlies (Liu et al., 2015, Fig. 1). The dashed line denotes the present location
of the East AsianSummer Monsoon belt, according to Jiang and Liu (2007). The rectangular box de-
notes the North Loess Plateau. The shaded area depicts the coverage of the ‘arc’ defined by Rawson
(2013), which refers to the steppe and mountain regions ‘from Sichuan in the west, through Qinghai
and the Hexi Corridor in Gansu, across parts of Shaanxi, Shanxi, and Inner Mongolia, to northern
Hebei and Chifeng in Liaoning in the east’, in which bronze knives, herded animals and pastoralism
were common. The concept of the ‘arc’ originally came from the Chinese term ‘banyuexing didai’ in
Tong Enzheng (1987), which refers to the region covering the plateau area in Qinghai, Ningxia, Inner
Mongolia, Liaoning, Jilin, eastern Tibetan Plateau and Sichuan, in which similar environmental condi-
tions and features of using microliths and stone-lined tombs were shared. The Chinese term has been
translated by Rawson (2017) as the ‘arc’

the fringes of the East Asian Summer Monsoon belt, which brings significant precipi-
tation to a large part of China during the summer months (Fig. 1). Additionally, the
Indian Monsoon and winter monsoon bring precipitation in southwest China during
the summer and a small amount of moisture to northwestern and northern China in
winter, respectively (Fig. 1).

Archaeological sites in the North Loess Plateau can be categorised into four main
regional groups: those located south of Daqing Mountain, Daihai Lake, Yulin and
Weifen River valley, and Qingshui River valley and the Ordos city). Based on typo-
chronological frameworks developed from the sequences outlined in the studies ref-
erenced in Table 1, the current four-period chronology is associated with the Ashan
II1, Laohushan, Shimao, and Dakou (and Zhukaigou) ‘cultures’ and ‘cultural groups’
(Fig. 2 and Tables 1 and 2).

In this paper, the groups south of Daging Mountain and Daihai Lake are consid-
ered to be part of the northern sector of the North Loess Plateau, while the Qingshui
River valley and the Ordos city fall within the middle sector of the region. Most sites
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from these three areas were discovered and excavated between the 1970s and 1990s
(Neimenggu, 1994, 1997). In contrast, the groups Yulin and Weifen River valley are
considered part of the southern sector of the region, with site discoveries and exca-
vations being more recent, mainly conducted from the 1990s onwards. Examples
include Zhaimao (Shaanxisheng, 2002), Xinhua (Shaanxisheng & Yulinshi, 2005)
and Zhaishan (Shaanxisheng & Yulinshi, 2009).

Current Chronological Framework

The conventional typo-chronology for the North Loess Plateau is outlined in Table 1
(CASS, 2010; Han, 2003, 2008; Sun, 2000, 2016; Tian & Guo, 2004; Wei & Cao,
1999) The transition indicated in this framework denotes periods where one ‘cul-
ture’ or ‘cultural group’ replace another, with a single dominant ‘culture’ prevailing
during each period. The chronological sequence posits the existence of four distinct
periods defined by ‘cultures’ in the region from 3000 to 1500 BC, with these periods
presumed to have developed one after the other (Table 2). Although typo-chrono-
logical sequences are valuable for establishing relative dating frameworks, a more
precise chronology can be achieved by considering radiocarbon data. Considering
both approaches allows for a more reliable estimation of chronological sequences.
While the concept of ‘cultures’ and ‘cultural groups’ used in archaeology can be
problematic, as ceramic typologies alone might not fully represent cultural and ethnic
identities or political affiliations (Hein, 2016; Jaffe & Hein, 2020), the terms ‘cul-
tures’ or ‘cultural groups’ used in this paper solely refers to settlement groups that
shared similarities in ceramic types, built environment and material culture. The ter-
minology is not extended to imply ethnic identity, sociopolitical affiliations, or fixed,
homogeneous and bounded groups with distinct shared cultural beliefs.

Problems with the use of Radiocarbon Dates

Significant challenges exist regarding the accuracy of radiocarbon dating and the reli-
ability of past determinations. These issues encompass the possibility of inaccurate
calibration of dates. Although the first radiocarbon laboratory was established in 1965
in China, there were still no standardised calibration methods and official calibration
curve for radiocarbon determinations back in the 1970s (Xia, 1977). It was not until
1985 that the first high-resolution tree-ring calibration curve was developed, with
official recognition following in 1988 (Institute of Archacology, Chinese Academy of
Social Sciences [CASS], 1992, pp. 1-2). Subsequently, different versions of calibra-
tion curves have been produced over time, resulting in the most recent version known
as IntCal20 (Reimer et al., 2020). For this reason, radiocarbon dates documented in
early times, such as those in CASS (1992), require recalibration.

Another issue arises from the use of '*C dates in literature. The radiocarbon dates
were sometimes used as supplementary evidence to bolster the typo-chronological
sequence. These dates were sometimes chosen to complement the existing cultural
sequence. Another related issue is that the half-life used for calculating the cali-
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Fig.2 The four major areas and analysed sites in the North Loess Plateau discussed in this paper. Area
one: . south of Daqing Mountain (Ashan III culture), area two: II. Daihai Lake (Laohushan culture),
area three: III. Qingshui River valley (Dakou culture) and IV. Ordos (Zhukaigou culture), area four: V.
Yulin and VI. Weifen River valley (Shimao culture). The coordinates are shown on the side of the map

Table 2 The currently accepted chronological framework for the North Loess Plateau according to the
sequences outlined in Table 1

Period Typo-chronology (BC)  ‘Cultural period’ in the North Loess Plateau ~ Conventional period

1 2800-2500 Ashan 11T Yangshao—
Longshan transition
2500-2300 Laohushan Early Longshan
3 2300-1800 Dakou I/Shimao Late Longshan
1800-1500 Early to middle Zhukaigou Erlitou

brated dates was not specified. This becomes problematic when both the 5568 and
5730 half-lives were used, even after the new half-life was established in the 1960s.
Although the conventional use of 5568 half-life persists, both values are found in
current literature. As a result, the omission of the half-life may introduce uncertainty
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and potential errors in determining absolute dates. The discrepancies between these
half-lives could lead to an offset of 100 years or more in the final date estimations
(Godwin, 1962).

In some other cases, the use of '*C dates lacks proper citation of sources, refer-
ences, or laboratory identifiers and details of dated materials. When crucial informa-
tion such as uncalibrated age and quality assessment data such as C:N atomic ratios
for bone samples are missing, these dates are not suitable for analysis. Following
conventions outlined by Millard (2014), it is essential to report radiocarbon determi-
nations accurately, including the '*C yr BP or fractionation-corrected fraction mod-
ern values and the laboratory codes and pertinent details. Therefore, quality control
checks will be conducted before analysing radiocarbon dates.

Materials and Methods
Quality Assessment

Thirty-two '4C ages derived from 12 archaeological sites were sourced from Chinese
radiocarbon dating reports (Anonymous, 1996; CASS, 1992, 1993; Yuan et al., 1994)
and journal articles (Atahan et al., 2014; Chen et al., 2015, 2017; Shaanxisheng &
Yulinshi, 2005; Sun et al., 2018). These dates were categorised into specific ‘cultural
periods’ based on contextual information obtained from both dating and excavation
reports (Table 3). In some cases, samples were collected without meticulous consid-
eration of their stratigraphic context. In these cases where their ‘cultural periods’ are
uncertain a sensitivity test was conducted by comparing models that either included
or excluded dates with ambiguous or unknown ‘cultural periods’. This test revealed
that the models were largely insensitive to the inclusion of such dates when similari-
ties were observed.

The radiocarbon ages analysed in our study include only the dates accompanied by
detailed laboratory prefixes, sample sources and dating methods. The sample sources
consist of wood charcoal, bones, and, in one case, a lime floor layer. Notably, certain
charcoal samples were potentially affected by the ‘old wood’ problem (Dee & Bronk
Ramsey, 2014), due to evidence of existing forests in the North Loess Plateau dur-
ing the Palaeolithic period (Yang, 2000). To address this potential problem, a char-
coal outlier model was incorporated into the phase modelling process to address any
potential outliers (Bronk Ramsey, 2009a; Dee & Bronk Ramsey, 2014).

Furthermore, only bone samples featuring samples which had collagen with a C:N
atomic ratio between 2.9 and 3.5 were accepted (Brock et al., 2012; van Klinken,
1999). The date generated from the lime material was also included, even though
lime is susceptible to the issue of external carbon atom exchange (Pesce & Ball,
2012). Sensitivity testing showed that the outcomes between the models including
and excluding this date were similar. The general outlier model was applied in the
phase modelling to identify and refine potential outliers (Bronk Ramsey, 2009a).

@ Springer
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Modelling Process

We used OxCal 4.4.4 to analyse the radiocarbon corpus, using the IntCal20 calibra-
tion curve (Bronk Ramsey, 2009b, 2021; Reimer et al., 2020). We undertook the
following analyses: (1) calibration of the individual dates by area, (2) kernel density
estimation (KDE) modelling, (3) phase modelling, (4) spatiotemporal plots of dates
on time-gradient maps and using coloured animation. All the modelling CQL codes
used in the analyses process are included in Online Resource 1.

The KDE approach is useful as a tool for visualising the shape of a dataset’s
underlying distribution, either with (KDE_ Model) or without (KDE_Plot) a Bayesian
underpinning approach (Bronk Ramsey, 2017). We use it here to show the distribu-
tion of all the '*C dates from the four major areas in the North Loess Plateau (Fig. 2).
Subsequently, to probe the data in more detail we explored the precise start and end
dates of individual sites using simple phase models (Online Resources 2 and 3). Five
sites that have more than one date measurement are considered here.

In the phase modelling, the dates were assigned to four clusters of results, based
on known information, as recorded in Table 3. We tested various priors on the data,
considering overlapping, sequential and contiguous models, as well as using outlier
models. We wanted to explore the effect of different priors on the posterior results
and the comparisons between the new results and the previous archaeological date
ranges of the four periods in Table 2. The dates of Dakoul, Dakou2, Zhukaigou7 and
Zhukaigou8 were omitted because they consist of several phases and their ‘cultural’
context is unknown.

The agreement indices in OxCal were used to assess the reliability of fit of the
phase models (Bronk Ramsey, 1995). The agreement indices for each model run indi-
cated a good agreement between the priors and the posterior results (see supplemen-
tary information). After the testing of different phase models and sensitivity testing,
we found that while the overlapping model can be established, both the sequential
and continuous models can only be established when the charcoal outlier model is
also applied.

The last part of the analysis focuses on the spatial distribution of the dates. This
involves the display of unmodelled calibrated dates on a 3 x 5 time-gradient map and
a coloured animation presented in Online Resource 6. One reason for conducting
this analysis is to test the presumed ‘cultural periods’ across the North Loess Plateau
by grouping the four presumed periods in different colours. This helps to determine
whether the four presumed periods developed in sequence, or a different pattern can
be identified. Another reason is to understand the shift in human occupation across
the region, as indicated by the concentration of the dates over time and space. The
final reason is that the transition pattern of dates and human occupation, together with
the unmodelled results from the analysis of calibration of dates by area, provides use-
ful information for adjusting the current framework.
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Results

The results presented in this section include: (1) the calibration of single dates, (2) the
KDE modelling, (3) the phase modelling, and (4) the spatiotemporal plots of dates.

Calibration of Single Dates

The calibration of dates grouped by the four areas within the North Loess Plateau is
presented in Fig. 3 and Table 4. This is a useful way of visualising the broad data-

1:c5 gata from Reimar at al (2020)
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Fig.3 The distribution of unmodelled calibrated dates grouped in the four areas within the North Loess
Plateau. The dates are shown in cal BC with 95.4% probability indicated by the lines under the date
distributions
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Table 4 The unmodelled Code Calibrated dates 95.4% (BC)
calibration of dates grouped in

the four areas within the North Yul'ln
Loess Plateau Shimao6 2011-1693
Shimao5 2018-1746
Shimao4 2010-1769
Xinhual 2021-1770
Shimao3 2026-1750
Shimao2 2113-1751
Shimaol 2203-2035
Zhengzemaol 3323-2879
Qingshui River valley and Ordos
Zhukaigou5 1676-1231
Zhukaigou4 1678-1304
Zhukaigou6 1864-1445
Zhukaigou3 1892-1533
Zhukaigou8 1934-1695
Zhukaigou7 2198-1947
Erlibanl 2290-1901
Dakou2 2284-1974
Dakoul 2344-2039
Bainiyaozil 2916-2349
Zhaizital 2895-2581
Zhukaigou2 33372675
Zhukaigoul 3642-3121
Daihai Lake
Yangchanggoul 1878-1499
Laohushanl 2454-1976
Yuanzigou$ 2857-2297
Yuanzigou4 2889-2344
Yuanzigou3 3307-2574
Yuanzigou2 3493-2915
Yuanzigoul 3774-3356
South of Daqing Mountain
Ashan4 2888-2488
Tl}; dgastzso/are S}E)O]VDY‘;,:“ ?111 BC  Ashan3 3011-2502
:;)le C(;rrel;pp(r)Zdz tloltl}:e reseults Ashan2 3008-2577
Ashanl 3635-3112

shown in Fig. 3

set. These show that the dates from the south of Daqing Mountain and Daihai Lake
concentrate between 3770 and 2300 cal BC, while four dates from the Qingshui
River valley and one date from Yulin also fall within this period. The dates from the
Qingshui River valley and Yulin concentrate between 2300 and 1230 cal BC, and
two dates from Daihai Lake also fall within this period. This pattern suggests that
the dates from the northern sector are generally earlier than those from the southern
sector. The dates from the middle sector cover the entire period from around 3770 to
1230 cal BC, with a significant overlap between the northern sector between 3770
and 1900 cal BC and the southern sector between 2200 and 1690 cal BC.
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KDE Modelling

The KDE model approach enables a more detailed analysis of the radiocarbon results.
The model shows that the dates are concentrated in one small peak and two major
peaks (Fig. 4). The small peak is between 3800 and 3200 cal BC, but this only covers
four dates. The first major peak is between 3200 and 2400 cal BC, and the second is
between 2300 and 1300 cal BC. This indicates that the analysed dates appear to be
divided into one small cluster and two major clusters of results.

Phase Modelling

The overlapping model can stand alone, while both the sequential and contiguous
models can only be established if the charcoal outlier model is applied, which treats
all the charcoal-sampled dates as outliers. This suggests that both the overlapping
model and sequential or contiguous models can be valid, with the precondition for the
latter being that early dates were affected by the ‘old wood’ problem.

The overlapping model, shown in Fig. 5 and the corresponding data in Table 5,
reveals that dates from presumed periods 1, 2 and 3 overlap between 3640 and
2680 cal BC; periods 2 and 3 overlap between 2450 and 1900 cal BC; and periods
3 and 4 overlap between 2110 and 1380 cal BC. The result shows that, if the ‘cul-
tures’ or ‘cultural groups’ were overlapped, the dates of period 1 would fall between
3620 and 2480 cal BC, period 2 falls between 3710 and 2040 cal BC, period 3 falls
between 3630 and 1560 cal BC, and period 4 falls between 1740 and 1380 cal BC.

OxCal v4.4.4 Bronk Ramsey (2021); r:5

KDE_Mode/

0.02
0.01

Probability density

| | — | |
4000 3000 2000 1000

Modelled date (BC)

Fig. 4 The KDE model that shows the underlying distribution of the dates described in this paper. The
higher peaks show a higher probability density, indicating that the dates are more concentrated at these
points. The dark grey distribution represents the sampled KDE estimated distribution. The light grey
distribution is the sum distribution, an alternative method for date summary in OxCal, which has not
been smoothed by the KDE method. The blue line and the lighter blue overlay show the mean and
one standard deviation for the snapshots of the KDE distribution generated during the Markov chain
Monte-Carlo (MCMC) process, respectively (Bronk Ramsey, 2017)
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OxCal v4.4.4 Bronk Ramsey (2021); r:5 Al ic data from Reimer et al (2020)

Boundary End 4
R_Date Zhukaigou5
R_Date Zhukaigou4
R_Date Zhukaigou6
R_Date Yangchanggou1

Phase 4

Boundary Start 4

Sequence
Boundary End 3

R_Date Zhukaigou3

R_Date Shimao6

R_Date Shimao5b

R_Date Shimao4

R_Date Xinhua1

R_Date Shimao3

R_Date Shimao2

R_Date Erliban1

R_Date Shimao1

R_Date Zhukaigou?2

R_Date Zhukaigou1

Phase 3
Boundary Statt 3 —
Sequence

Boundary End 2
R_Date Laohushant
R_Date Yuanzigoub
R_Date Yuanzigou4
R_Date Zhaizita1
R_Date Yuanzigou3
R_Date Yuanzigou2
R_Date Yuanzigou1

Phase 2

Boundary Start 2

Sequence

Boundary End 1
R_Date Bainfyaozi1
R_Date Ashan4
R_Date Ashan3
R_Date Ashan2
R_Date Zhengzemao1

R_Date Ashan1 :::—: —
Phase 1
Boundary Start 1 wentinth.
Sequence
Phase
T 5000 4000 8000 2000 1000
Modelled date (BC)

Fig.5 The modelled calibrated dates in the overlapping model. The transparent distribution shows the
unmodelled calibrated dates. The solid distribution shows the modelled and/or refined dates. The dates
are shown in cal BC with 95.4% probability indicated by the lines under the date ranges

The contiguous model is shown in Fig. 6 and the corresponding data are shown in
Table 6. The result of this model, which incorporates both general and charcoal out-
lier models, fits well with the analysed dates and reveals the possible date ranges of
the four presumed ‘cultural’ periods (Table 2). The highlighted dates in red denote the
dates coming from charcoal samples, and the applied charcoal outlier model assumes
that these dates are all subjected to the ‘old wood’ problem, which could reveal ear-
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Table 5 The modelled dates Code Unmodelled date Modelled
from the overlapping model ranges 95.4% (BC) date ranges
95.4% (BC)
Boundary End 4 1427-849
Period 4
Zhukaigou5 1676-1231 1671-1383
Zhukaigou4 1678-1304 1640-1407
Zhukaigou6 18641445 1694-1449
Yangchanggoul 1878-1499 1736-1458
Boundary Start 4 1765-1282
Boundary End 3 18561557
Period 3
Zhukaigou3 1892-1533 1931-1563
Shimao6 2011-1693 2012-1696
Shimao5 2018-1746 2018-1747
Shimao4 2010-1769 2009-1769
Xinhual 2021-1770 2021-1771
Shimao3 2026-1750 2026-1764
Shimao2 2113-1751 2114-1764
Erlibanl 2290-1901 2290-1920
Shimaol 2203-2035 2203-2035
Zhukaigou2 3337-2675 33312674
Zhukaigoul 3642-3121 3628-3029
Boundary Start 3 2166-1699
Boundary End 2 2363-798
Period 2
Laohushanl 2454-1976 2462-2043
Yuanzigou5 2857-2297 28562299
Yuanzigou4 2889-2344 2889-2346
Zhaizital 2895-2581 2895-2581
Yuanzigou3 3307-2574 3309-2573
Yuanzigou2 3493-2915 3488-2915
Yuanzigoul 3774-3356 3706-3102
Boundary Start 2 4195-2163
Boundary End 1 2770-1386
Period 1
Bainiyaozil 2916-2349 2918-2479
Ashan4 2888-2488 2900-2501
Ashan3 3011-2502 3010-2579
Ashan2 3008-2577 3010-2584
The dates are shown in cal BC  7p0n07emaol 3323-2879 3316-2877
with 93.4% probability. The Ashanl 3635-3112 3620-3023
table corresponds to the results
Boundary Start 1 3722-2375

shown in Fig. 5

lier date ranges. After the date adjustment carried out by the charcoal outlier model,
the results show that, if these ‘cultures’ or ‘cultural groups’ are deemed to have devel-
oped in a contiguous manner, the dates for period 1 would fall between 3540 and
2150 cal BC, period 2 would fall between 2300 and 1840 cal BC, period 3 would fall
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OxCal v4.4.4 Bronk Ramsey (2021); r:5 Atmospheric data from Reimer et al (2020)

Boundary|End 4
Qingshui River Valley/Ord

oS

R_Date
Phase 4

R_Date|Zhukaigou5 [O:]
R_Date|Zhukaigou4 [O:]
R_Date|Zhukaigou6 [O:]
Yangchanggou

100/100]
100/100]
100/100]
1 [0:100/100]

Boundary

Transition 3/4
Yulin/Weifen River valley

R_Date
R_Date
R_Date
R_Date
R_Date
R_Date
R_Date
R_Date
R_Date
R_Date
Phase 3

R_Date|Zhukaigou3 [O:]
Shimao6 [0:3/5
Shimao5 [0:3/5
Shimao4 [0:3/5
Xinhua1 [0:3/5]
Shimao3 [0:3/§
Shimao2 [0:3/§
Erliban1 [0:100
Shimao1 [0:10
Zhukaigou?2 [O:
Zhukaigou1 [O:]

700/100]

100]

0/100]

100/100]
100/100]

Boundary
Daihai Lak

Transition 2/3
e

R_Date
R_Date
R_Date
R_Date
R_Date
R_Date
R_Date
Phase 2

LaohushanT [O

Zhaizita1 [0:10

Yuanzigou5 [O:
Yuanzigou4 [O:

Yuanzigou3 [O:
Yuanzigou?2 [O:
Yuanzigou1 [O:

~1007100]
100/100]
100/100]
0/100]

100/100]
100/100]
100/100]

Boundary
South of O
Boundary

Transition 1/2
aging Mountain
Start 1

R_Date
R_Date
R_Date
R_Date
R_Date
R_Date
Phase 1

Bainiyaozi1 [O:
Ashan4 [0:100,
Ashan3 [0:100,
Ashan2 [0:100,

700/700]
100]
100]
100]

Zhengzemao1 [0:100/100]

Ashant [0:100,

100]

Sequence

60

Fig. 6 The distribution of dates in the contiguous model with general and charcoal outlier models. The
transparent distribution shows the unmodelled dates, while solid distribution shows the modelled and/
or refined dates. The red colours denote the dates deriving from charcoal samples. The letter ‘O’ de-
notes the prior and posterior probability of the measurement being an outlier; for general outliers, dates
with a posterior probability higher than the prior probability 5% are considered outliers. The dates are

o

5000

2000
Modelled date (BC)

3000

2000

shown in cal BC with 95.4% probability, as indicated by the brackets under the date ranges
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Table 6 The unmodelled and Code Unmodelled dates Modelled

modelled calibrated dates from 95.4% (BC) dates

the contiguous model with 95.4% (BC)

charcoal and outlier models Boundary End 4 1530-506
Period 4
Zhukaigou5 1676-1231 1619-957
Zhukaigou4 1678-1304 1611-973
Zhukaigou6 1864-1445 1705-1033
Yangchanggoul 1878-1499 1738-1028
Boundary Transition 3/4 1913-1492
Period3
Zhukaigou3 1892-1533 1935-1584
Shimao6 2011-1693 1953-1742
Shimao5 2018-1746 1961-1751
Shimao4 2010-1769 1953-1771
Xinhual 2021-1770 1972-1771
Shimao3 2026-1750 1978-1765
Shimao2 2113-1751 2011-1768
Erliban1 2290-1901 2035-1656
Shimaol 2203-2035 2041-1664
Zhukaigou2 33372675 2057-1652
Zhukaigoul 3642-3121 2057-1652
Boundary Transition 2/3 2121-1786
Period 2
Laohushanl 2454-1976 2226-1841
Yuanzigou5 28572297 2294-1837
Yuanzigou4 2889-2344 2296-1837
Zhaizital 2895-2581 2297-1836
Yuanzigou3 33072574 2300-1836
Yuanzigou2 3493-2915 2298-1836
Yuanzigoul 3774-3356 2300-1836
Boundary Transition 1/2 24241886
Period 1
Bainiyaozil 2916-2349 2830-2147
Ashan4 2888-2488 2821-2171
Ashan3 3011-2502 2873-2162
Ashan2 3008-2577 2872-2168

The dates are shown incal BC  7heng7emaol 33232879 3129-2179
Boundary Start 1 2510-1947

shown in Fig. 6
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between 2070 and 1570 cal BC, and period 4 would fall between 1730 and 970 cal
BC. The result of the sequential model is similar to that of the contiguous model, and
they are presented in Online Resources 4 and 5.

Spatiotemporal Plots

We plotted the data spatially according to the four presumed ‘cultural periods’ (Fig. 7;
the coloured animation is presented in Online Resource 6). This visualisation, which
is without any chronological modelling, suggests that dates from the northern sector
are somewhat earlier, ranging between 3520 and 2440 cal BC, while dates from the
southern sector are relatively later, ranging between 27130 and 1820 cal BC. Dates
from the middle sector overlap with those in both the northern and southern sectors
across the entire period.

The dates attributed to period 1 (blue circles), period 2 (green circles) and period
3 (purple circles) show significant overlap spanning 3760 and 3380 cal BC (Online
Resource 6). Within this timeframe, dates associated with periods 1 to 2 notably
overlap between 3520 and 2440 cal BC, while dates from periods 2 and 3 exhibit
notable overlap between 2280 and 2130 cal BC. Dates linked to periods 3 and 4 (red
circles) notably overlap between 1980 and 1820 cal BC, with period 4 dates extend-
ing to around /360 cal BC. The spatial distribution indicates that dates from periods
1, 2, and 3 before 2280 cal BC are concentrated in the northern and middle sectors.
Beyond 2280 cal BC, dates from periods 3 and 4 overlap and are concentrated in the
southern and middle sectors. Meanwhile, dates from periods 1 and 2 can be contigu-
ous with those from periods 3 and 4.

Discussion
A Review of the Conventional Chronological Framework

The radiocarbon dating suggests two potential scenarios. One possibility is an over-
lap in the settlements across the four periods. The other is that it corresponds with
the typo-chronological framework for a contiguous or sequential development of
‘cultures’ as outlined in Tables 2 and 3, under the condition that all the charcoal-
sampled dates are affected by the ‘old wood’ problem. Regardless of which scenario
is the case, the calibration of individual dates does reveal a concentration in two main
periods: one earlier and one later (Fig. 3). If excluding the four dates (Ashanl, Yuan-
zigoul, Yuanzigou2 and Zhukaigoul) falling between 3640 and 2920 cal BC, where
the influence of the potential ‘old wood’ problem cannot be addressed, the dates from
the south of Daqing Mountain and Daihai Lake predominantly fall within the earlier
range of 3310 and 2300 cal BC, while dates from Yulin and Qingshui River valley
mainly fall within the later range of 2340 to 1230 cal BC (Table 3).

Similarly, the KDE model indicates two main periods: one between 3200 and
2400 cal BC and another between 2300 and 1300 cal BC (Fig. 4). Although there is
a small cluster of dates centred around 3500 cal BC, its relevance to the study period
is uncertain, as it predates the study period. The spatial distribution of dates, which is
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not modelled, reveals that the presumed periods overlap rather than being sequential
or contiguous, with dates from the northern sector generally preceding those from the
southern sector (Fig. 7 and Online Resource 6).

Taken together, these findings suggest that dates from the North Loess Plateau can
be categorised into two major periods: one around 3200-2300 cal BC and the other
around 2300-1200 cal BC. This more or less shows a chronological order for the
settlement groups in the region.

The overlapping modelling result is consistent with the aforementioned ones,
indicating that the dates from the presumed periods 1, 2 and 3 are likely to overlap
between 3320 and 1920 cal BC (when excluding the uncertain early dates), and peri-
ods 3 and 4 between 2110—1380 cal BC (Fig. 5 and Table 5).

The alternatives are the sequential and contiguous models, on the condition that
all the charcoal-sampled dates are affected by the ‘old wood’ problem (Fig. 6, Table 6
and Online Resources 4 and 5). In the contiguous model, the dates for period 1 fall
between 3540 and 2150 cal BC, period 2 between 2300 and 1840 cal BC, period 3
between 2070 and 1570 cal BC, and period 4 between 1730 and 970 cal BC (Fig. 6).
Similarly, the sequential model shows that the dates for period 1 fall between 2820
and 2320 cal BC, period 2 between 2530 and 2000 cal BC, period 3 between 2000
and 1710 cal BC, and period 4 between 1620 and 1120 cal BC (Online Resources 4
and 5). Following the adjustments made by the charcoal outlier model, the modelled
date ranges for both the sequential and contiguous models tend to be later than the
original presumed date ranges, as shown in Table 2.

The Shifting Pattern of Human Occupation

The temporal changes in human settlement patterns reveal a shifting trend in human
occupation. According to the spatial distribution of dates shown in Fig. 7, human
occupation was predominantly concentrated in the northern sector from around 3360
and 2440 cal BC (excluding the uncertain early dates). There is a trend of a subse-
quent shift towards the south around 2280 BC, and it seems to lead to a concentration
of occupation in the southern sector between 2280 and 1670 cal BC. Archaeological
evidence indicates the presence of some sites during the early period that existed
alongside those in the northern sector (Sun, 2016). Nevertheless, the decline of sites
in the northern sector following the development of those in the south still supports
the notion of a gradual southward shift of human occupation. This shift is consistent
with the conventional chronological framework (Tables 1 and 2), though the interpre-
tation needs further refinement. Rather than a simple transition of ‘cultural period’,
the transition appears to represent a relocation of various settlement groups over time.

A Refined Chronological Framework for the North Loess Plateau

To better understand the temporal and spatial trends in human occupation and related
analyses, it is essential to refine the current chronological framework. While typo-
chronology remains a key aspect for periodisation, the approach taken here involves
maintaining the existing four-period framework while adjusting the date ranges for
these periods. It is important to note that this adjustment does not intend to alter the
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conventional chronological sequence for the North Loess Plateau but rather offers
an additional method to examine spatiotemporal patterns. Instead of focusing on the
transition of ‘cultures’, the revised periodisation approach highlighted the notable
shifts in site concentrations from one or more areas to others. Each date range repre-
sents a ‘parallel occupation period’, which signifies times when settlement sites, not
limited to a single ‘cultural group’, concentrated in one or more sub-regions within
the North Loess Plateau.

Drawing from the information presented in Table 3 and Fig. 7, coupled with exist-
ing archaeological knowledge, the date ranges for the four periods have been adjusted
and detailed in Table 7. Dates falling between 3500 and 3000 cal BC, again, are not
included here.

In the revised framework, sites lacking radiocarbon dating are assigned to the
adjusted period(s) by combining radiocarbon results with typo-chronological data,
and this is illustrated in a four-period map (Table 8 and Fig. 8). It is crucial to con-
sider the typo-chronological information provided here when estimating the assign-
ment of sites to the adjusted period(s), and the application of ‘parallel occupation
periods’ remains valid. It is also worth to note that the primary focus is to identify the
changes of human occupations between the northern and southern sectors. Despite
potential uncertainties arising from the absence of dating for certain sites in the cat-
egorisation, the general patterns remain consistent: settlements in the northern sec-
tors were concentrated during 3000—-2400 cal BC and 2400-2000 cal BC, those in the
southern sector were concentrated during 2000—1700 cal BC, while the middle sector
was occupied during the entire period (Table 7).

Further Implications

While the conventional typo-chronological framework is a valuable reference point,
the introduction of the concept of ‘parallel occupation period’ in the revised chrono-
logical framework proposed in this study presents an alternative approach to peri-
odisation and the exploration of spatiotemporal patterns within a region. This more
flexible and dynamic framework is crucial for discerning changes over time and space
and providing a more objective way to interpret these patterns. The conventional
method of periodisation, which relies on cultural entities distinguished primarily by
ceramic typology, assumes the sequential development of distinct ‘cultural groups’
within a region. However, the notion that cultural development entails only a single
‘culture’ occupying a region at any given time may be an oversimplification (Jaffe
et al., 2020). It is possible that multiple settlement groups coexisted in a cast region.

Table 7 Refined date ranges for the four periods in Table 2, based on the results from Table 3 and Fig. 7

Current peri-  Adjusted pe- Major occupied areas in the North Loess ~ Sectors in the North Loess

ods (BC) riods (BC)  Plateau Plateau

2800-2500 30002400  South of Daqing Mountain and Qingshui  Northern and middle sectors
River valley

2500-2300 2400-2000  Daihai Lake and Qingshui River valley =~ Northern and middle sectors

2300-1800 2000-1700  Yulin and Weifen River valley Southern sector

1800-1500 1700-1200  Qingshui River valley Middle sector
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Table 8 The assignment of all the sites from the North Loess Plateau to the adjusted four-period framework

Period Cultural Site Area Reference
(BC)  period
3000— Yangshao/ Ashan III South of Daqing Baotoushi (1984); Neimenggu
2400  Longshan Mountain and Baotoushi (1984)
transition  Shamujia South of Daqing Baotoushi (1984)
Mountain
Heimaban South of Daqing Baotoushi (1984)
Mountain
Natai South of Daqing Baotoushi (1984)
Mountain
Xiyuan South of Daqing Baotoushi (1984); Xiyuan
Mountain (1990)
Weijun South of Daqing Tian and Guo (2004, p. 331)
Mountain
Zhukaigou Ordos city Tian (1988); Neimenggu (1994)
(zone VII) I
Xiaoshaowan Qingshui River valley Wei and Cao (1999)
Baicaota II Qingshui River valley Neimenggu (1994, p. 183)
Nanhao Qingshui River valley =~ Neimenggu (1994, p. 224)
Zhaizita | Qingshui River valley Neimenggu (1997, pp. 280—
326); Wei and Cao (1999)
Houchengzui 1T Qingshui River valley =~ Neimenggu (1997, p. 151); Cui

Bainiyaozi I1I
Huozhaizimao I

Zhaimao I
Zhengzemao 1
Wuzhuangguoliang
Zhaishan

Shilouloushan I

Qingshui River valley
Yulin

Yulin
Yulin
Yulin
Yulin

Yulin

(2003)
Cui (2014)

Shaanxisheng and Shaanxisheng
(2011); Sun (2016)

Shaanxisheng (2002)
Sun (2016)
Shaanxisheng (2011)

Shaanxisheng and Yulinshi
(2009)
Shaanxisheng (2016)
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Table 8 (continued)
Period Cultural Site Area Reference
(BC)  period
2400- Early Laohushan Daihai Lake Yang (2000)
2000  Longshan  Yuanzigou Daihai Lake Yang (2000)
Bancheng (group I) Daihai Lake Yang (2000)
Damiaopo Daihai Lake Yang (2000)
Mianpo Daihai Lake Yang (2000)
Zhukaigou | Ordos city Neimenggu and E”’erduosi
(2000); Tian and Han (2003)
Yongxingdian Qingshui River valley =~ Neimenggu (1994)
Erliban Qingshui River valley ~ Neimenggu (1994, p. 260)
Zhaizishang 11 Qingshui River valley ~ Neimenggu (1994, p. 181)
Baicaota III Qingshui River valley Neimenggu (1994, p. 183)
Zhaizita 11 Qingshui River valley ~ Neimenggu (1997, pp. 280—
326); Wei and Cao (1999)
Houchengzui 11T Qingshui River valley ~ Neimenggu (1997, p. 151); Cui
(2003)
Guandi IV Qingshui River valley =~ Neimenggu (1997: 85-119)
Xiata Qingshui Rivervalley Li (2007); Zhang and Ding
(2016)
Xicha I Qingshui River valley ~ Neimenggu and Qingshuihe
(2001); Tang et al. (2004)
Zhuangwoping III  Qingshui River valley =~ Neimenggu (1997, pp. 165-178)
Baiyagou Weifen River valley Shanxisheng (2017)
Huozhaizimao II Yulin Shaanxisheng and Shaanxisheng
(2011); Sun (2016)
Zhaimao II Yulin Shaanxisheng (2002)
Zhaishan Yulin Shao (2019); Sun (2016);
Shaanxisheng and Yulinshi
(2009)
Shilouloushan II Yulin Shaanxisheng (2016)
2000—- Late Bancheng Daihai Lake Yang (2000)
1700  Longshan  (group II)
Zhukaigou II Ordos city Neimenggu and E”’erduosi
(2000); Tian and Han (2003)
Dakou I Qingshui River valley ~ Neimenggu (1994, p. 125)
Bainiyaozi IV Qingshui River valley Cui (2014)
Muzhuzhuliang Yulin Guo (2015)
Shengedaliang Yulin Shaanxisheng et al. (2016)
Xinhua Yulin Sun (2016)
Zhaimaoliang I-II  Yulin Wei et al. (2018)
Zhengzemao II Yulin Sun (2016)
Shimao Yulin Shaanxisheng et al. (2013);
Shao (2016); Sun et al. (2020)
Shiluoluoshan IIT Yulin Shaanxisheng (2016)
Zhaimao Yulin Shaanxisheng (2002)
Huoshiliang Yulin Hu et al. (2008)
Bicun Weifen River valley Shanxisheng and Xingxian

(2016)
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Table 8 (continued)

Period Cultural Site Area Reference

(BC)  period

1700—  Erlitou Yangchanggou Daihai Lake Neimenggu and Beijing (1991)
1200 Sandaugou Daihai Lake Neimenggu and Beijing (2004)

Zhukaigou III-1V
Qingcaota

Guandi V
Nanhao

Dakou II
Gaojiaping
early Xiaomiao
Xichall

Zhaizita IV

Zhuangwoping IV
Houchengzui IV

Bainiyaozi V

Ordos city
Qingshui River valley

Qingshui River valley
Qingshui River valley
Qingshui River valley
Qingshui River valley
Qingshui River valley
Qingshui River valley

Qingshui River valley

Qingshui River valley
Qingshui River valley

Qingshui River valley

Neimenggu and E”’erduosi
(2000); Tian and Han (2003)

Neimenggu and Yikezhaomeng
(2006)

Neimenggu (1997, pp. 85-119)
Neimenggu (1994, pp. 205-224)
Neimenggu (1994, p. 125)
Neimenggu (1994, pp. 261-271)
Neimenggu (1994)

Neimenggu and Qingshuihexian
(2001); Tang et al. (2004)

Neimenggu (1997, pp. 280—
326); Wei and Cao (1999)
Neimenggu (1997, pp. 165-178)
Neimenggu (1997, p. 151); Cui
(2003)

Cui (2014)

In contrast, the ‘parallel occupation framework’ proves more suitable in this con-
text as it defines periods based on concentrated settlement entities within specific
sub-regions. By embracing this flexible framework, as presented in Table 7, it accom-
modates the existence of multiple settlement entities in each period, which may or
may not demonstrate similar ceramic typologies or stylistic features in other arte-
facts. This shift towards considering settlements or ‘cultures’ as groups and mov-
ing away from rigid cultural or ethnic identities aligns with the concept of ‘social
fields’, originally a sociological theory, initially reintroduced by Kohl (2008) and
later employed by Linduff (2015), who characterised ‘cultural groups’ as components
of ‘social fields’ sharing similar technologies and ideas.

Applying the ‘parallel occupation framework’ to the southward trend in early
China offers a fresh perspective on its broader transition. This process involves the
decline of major settlements such as Liangzhu (3100-2700 cal BC) in the Yangtze
River valley (Renfrew & Liu, 2018), as well as the fall of other settlements in the
middle Yellow River valley and eastern coastal regions during the third millennium
BC. Subsequently, the ‘arc’ emerged, comprising Shimao (2200—1700 cal BC) and
Taosi (2300-1900 cal BC) (Brunson et al., 2016), and eventually, the rise of the ‘first
state’ Erlitou (1750-1530 cal BC) in the Central Plain (Zhang, 2017; Zhang et al.,
2007, 2019). Scholars have explored the connections between these sites based on
the stylistic similarity of artefacts such as jade and bronze bracelets, mace heads,
drums, bells, ‘jew’s harps’ musical instruments, stone tools, and stone carvings fea-
turing human or monster motifs (e.g., Dai, 2016b; Jaang et al., 2018; Rawson, 2017,
Shaanxisheng et al., 2021; Shao, 2020, 2021). Although linking these major sites
provides foundational insights into their interactions, it is essential to broaden the
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Fig. 8 The distribution of sites from the North Loess Plateau within the adjusted four-period frame-
work, based on the information from Table 8

exploration to encompass multiple settlement entities beyond linear connections
among large sites.

Like the case in the North Loess Plateau, the transformation of human occupa-
tion and core development in early China can be viewed as a process of integration,
transformation and reconfiguration of various settlement entities across a broader
region. Human occupation gradually shifted southwards across the North Loess
Plateau around or after 2280 cal BC. This coincides with the development of the
Taosi settlement further south. By 71700 cal BC, with the decline of Shimao and other
smaller sites, some occupations shifted back to the middle sector. In the south of the
North Loess Plateau, Taosi also declined, paving the way for the rise of Erlitou in the
Luoyang basin around the same period. This trend indicates a reconfiguration and
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southward shift of settlement entities from the southern sector of the North Loess
Plateau, Taosi, and its immediate surroundings towards the Central Plain. However,
human occupation may also have shifted to northeast China around that time (Hosner
et al., 2016; Wagner et al., 2013).

Moreover, the southward shifting pattern highlights the significant role of the
North Loess Plateau in facilitating long-distance interactions that extended beyond
present-day China. Positioned as a crossroad between the eastern Eurasian steppe and
the Central Plains of China, the North Loess Plateau acted as a melting pot for the
exchange of new technologies, ideas and objects from both regions. From the steppe,
elements such as stone building technique, metallurgy, bronzes, herding and grass-
land animals were introduced, while the Central Plains contributed rammed earth
building technique, jades, tripods, pigs, dogs and millet cultivation. The exposure
to these diverse elements led to the adoption and refinement of new ideas and tech-
nologies by the inhabitants of the North Loess Plateau, ultimately contributing to
the success of Shimao. The North Loess Plateau played a pivotal role in disseminat-
ing certain elements, particularly advanced forms of tripods, herding practices and
metallurgical knowledge, southward to Taosi and Erlitou and their broader regions,
through interactions and reconfigurations among settlement entities. The rise of Erli-
tou likely followed a similar process involving the adoption and enhancement of
these elements, facilitated by the transmission of knowledge, ideas and practices.
The North Loess Plateau or the nearby region does not gain as much attention as
northwest China regarding the long-distance transmission of technologies and ideas.
Conventionally, northwest China and the Hexi Corridor have long been considered
a key region for the initial spread of practices such as grassland animals, metals,
metallurgy, exotic plants such as wheat and barley (e.g., Flad et al., 2007; Jaang,
2015; Jones et al., 2011; Linduff, 2015; Linduff & Mei, 2009; Mei, 2003; Sherratt,
2006). An alternative viewpoint proposes that the transmission occurred via the Inner
Asian Mountain Corridor from southwest Asia to northwest China (Frachetti, 2012),
as well as through the Ejin River region in the northeast of the Hexi Corridor (Jaang,
2015) (Fig. 9). In terms of northern China, Mei (2003) has suggested that metal-
lurgical knowledge might have been transmitted along what he called the ‘steppe
road’, which connects the Altai region in southern Siberia to the North Loess Plateau
(Fig. 9). However, recent discoveries from Shimao and the North Loess Plateau have
prompted a reevaluation of this sequence and indicated that the transmission should
be pushed backwards to the late third and early second millennium BC, rather than
the early second millennium BC as previously proposed. A similar suggestion is a
route passing through the Ordos region, which encompasses the North Loess Plateau,
into the Yellow River valley (Rawson, 2015) (Fig. 9).

Before the rediscovery of Shimao, the discussion mainly focused on Zhukaigou
in the middle sector of the North Loess Plateau (Fig. 2), based on the discoveries of
the Ordos-type bronzes, known as the northern bronze complex (Linduff, 1995; Mei,
2003; Wuen, 1993). These bronzes, found in the middle and eastern sections of the
‘arc’ (Fig. 1), as well as in Mongolia, southeastern Siberia and the Minusinsk basin
(Cao, 2014; Lin, 1986; Shelach-Lavi, 2015; Tian & Guo, 1988), have been exten-
sively studied. The bronzes in Zhukaigou, dating to the early second millennium BC,
were initially considered later compared to those in northwest China, and this led to
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Fig. 9 I: Inner Asian Mountain Corridor; II: the ‘arc’ defined by Rawson (2013, p. 6; 2015) that refers
to regions ‘from Sichuan in the west, through Qinghai and the Hexi corridor in Gansu, across parts of
Shaanxi, Shanxi, and Inner Mongolia, to northern Hebei and Chifeng in Liaoning in the east’; III: Ejin
River Transfer Zone defined by Jaang (2015) that refers to the Ejin river valley to the Helan moun-
tains, covering most portions of Gansu, Qinghai, and Ningxia provinces and the western portion of
Inner Mongolia; IV: Ordos region; V: middle Yellow River valley. A: the ‘steppe road’ defined by Mei
(2003, p. 31) that refers to the route that ‘runs from the northern frontier of China through Mongolia to
southern Siberia and further west’; B: Hexi Corridor. The square shows the North Loess Plateau at the
junction of present-day south-central Inner Mongolia, northern Shaanxi and northern Shanxi provinces
along the middle Yellow River valley

the region being overlooked as a significant area for the initial long-distance trans-
mission of technology and goods.

The discoveries of metals and grassland animals from the North Loess Plateau are
inspiring as they suggest that the transmission of these items and the associated tech-
nological knowledge may have occurred through the North Loess Plateau as early as
2200 BC. The southward shifting pattern observed across the North Loess Plateau
indicates that this region should be recognised as one of the key regions for exploring
early long-distance transmissions. Situated to the south of the steppe, the North Loess
Plateau provided a feasible route for southward transmission, even if these events
occurred later than those in northwest China.

Additionally, northeast China emerges as another key region, based on the find-
ings of animal-head bronze knives that originated from southern Siberia, dating back
to as early as 1600 BC (Linduff, 2015; Shelach-Lavi, 2015) (Fig. 9). However, the
fortifications, grassland animals and metals discovered in northeast China are about
200 years later than those found in the North Loess Plateau (Guo et al., 2016; Jaang,
2015). Future research, particularly studies that consider a broader region beyond

@ Springer



9 Page 28 of 33 Journal of World Prehistory (2025) 38:9

individual major sites, is needed to further explore the hypothesis of the ‘northern
route’ for the transmission of these technologies and ideas.

Conclusion

The findings presented in this paper challenge the alignment between radiocarbon
chronology and the conventional typo-chronology. While the radiocarbon chronol-
ogy indicates that sites in the northern sector of the North Loess Plateau are generally
older than those in the southern sector, the development of ‘cultures’ may have over-
lapped or proceeded in a sequential or contiguous manner if the dates are affected by
the ‘old wood’ issue. Although the southward shifting pattern of human occupation
appears to correspond with the pattern implied in the typo-chronology, it is more
accurately interpreted as an integration, transformation and reconfiguration process
of settlement groups across the region, instead of a one-way and static ‘cultural tran-
sition’. The southward transition that occurred around or after 2280 cal BC should be
viewed as part of a prolonged and ongoing process in early China during the late third
to early second millennium BC. Through continuous contacts and reconfigurations
among different settlement entities, sites such as Shimao and other smaller sites, as
well as Taosi, developed around or after 2300 BC. After these sites declined succes-
sively, new ideas and technologies were transmitted to Erlitou after 1900 BC.

In the broader context, the long-distance transmission between the eastern Eur-
asian steppe and the Central Plain can also be understood as a continuous process of
interaction among different settlement entities across a vast region. The southward
shift observed in the North Loess Plateau is indicative of a larger trend in early China,
positioning the North Loess Plateau as a significant region in the initial transmission
process, alongside northwest China. This calls for future research to reconsider and
reinterpret the interaction within early China and the initial long-distance transmis-
sion process, with the application of a holistic regional approach rather than solely
focusing on individual sites.

To better interpret such a dynamic process, the ‘parallel occupation framework’
developed in this paper seeks to redirect attention from the traditional ‘cultural
period’ towards considering the concept of concurrent occupations within a single
timeframe. This approach presents a more flexible and objective method of periodi-
sation in the North Loess Plateau. By employing this framework, a holistic compre-
hension of changes across both space and time can be achieved, making it applicable
to a broader research project aimed at unravelling the demographic, socioeconomic,
and urban development dynamics, as well as the factors contributing to the success
of Shimao. It supports the interpretation of the southward developmental trajectory
in early China as a dynamic process involving reconfigurations among various settle-
ment groups.

Supplementary Information The online version contains supplementary material available at https:/doi.
org/10.1007/310963-025-09195-3.

Acknowledgements This research is part of the doctoral research conducted by Ying Tung Fung. Her
research was supported by the doctoral scholarship from the Bei Shan Tang Foundation and the Mok

@ Springer


https://doi.org/10.1007/s10963-025-09195-3
https://doi.org/10.1007/s10963-025-09195-3

Journal of World Prehistory (2025) 38:9 Page 29 of 33 9

Hing Yiu Charitable Foundation as well as the Covid Hardship Fund from St Cross College, University
of Oxford. The authors would like to thank Professor Mark Pollard and Professor Amy Bogaard, who
provided advice in the early stages of this research.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use
is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission
directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licen
ses/by/4.0/.

References

Anonymous. (1996). Tan shisi niandai ceding baogao (10) %+ PU =AM &k 35 (— o). Wenwu X, 6,
91-95.

Atahan, P., Dodson, J., Li, X., Zhou, X., Chen, L., Barry, L., & Bertuch, F. (2014). Temporal trends in mil-
let consumption in northern China. Journal of Archaeological Science, 50, 171-177.

Baotoushi, W. G. (1984). Neimenggu daqingshan xiduan xinshiqi shidai yizhi 5 & K75 1L 76 BOH A 2%
I AR IS L. Kaogu 2571, 6, 485-496.

Brock, F., Wood, R., Higham, T. F. G., Ditchfield, P., Bayliss, A., & Bronk Ramsey, C. B. (2012). Reli-
ability of nitrogen content (%N) and carbon:Nitrogen atomic ratios (C:N) as indicators of collagen
preservation suitable for radiocarbon dating. Radiocarbon, 54(3—4), 879-886.

Bronk Ramsey, C. (1995). Radiocarbon calibration and analysis of stratigraphy: The OxCal program.
Radiocarbon, 37(2), 425-430.

Bronk Ramsey, C. (2009a). Dealing with outliers and offsets in radiocarbon dating. Radiocarbon, 51(3),
1023-1045.

Bronk Ramsey, C. (2009b). Bayesian analysis of radiocarbon dates. Radiocarbon, 51(1), 337-360.

Bronk Ramsey, C. (2021). Program development history. OxCal 4.4 Manual. Website. Accessed 29 Jan
2023.

Bronk Ramsey, C. B. (2017). Methods for summarizing radiocarbon datasets. Radiocarbon, 59(6),
1809-1833.

Brunson, K., He, N., & Dai, X. (2016). Sheep, cattle, and specialization: New zooarchaeological perspec-
tives on the Taosi Longshan. International Journal of Osteoarchaeology, 26, 460—475.

Cao, D. (2014). The loess highland in a trading network (1300—1050 BC). Doctoral dissertation. Princeton
University.

Chen, X., Guo, X., Hu, Y., Wang, W., & Wang, C. (2015). Shanxi shenmu Muzhuzhuliang yizhi xian
min de shipu fenxi BRPHMARAAAE GBI E R EIE T, Kaogu yu wenwu 515 534, 3,
112-117.

Chen, X., Guo, X., Wang, W., Hu, S., Yang, M., Wu, Y. & Hu, Y. (2017). The subsistence patterns of
the Shengedaliang site (~ 4,000 yr BP) revealed by stable carbon and nitrogen isotopes in northern
Shaanxi, China. Science China Earth Sciences, 60(2), 268-276.

Cui, L. (2003). Qingshuihexian houchengzui xinshiqi shidai yizhii§ 7K £ J5 88T £ 2 A Qb 1A
¥, Neimenggu wewu kaogu W51 3L, 1, 6-8.

Cui, S. (2014). Bainiyaoyizhi wenhuayicun shulun [ %5 ht SR AF R 1. Neimenggu shehuikexue
WEH LB, 1, 59-62.

Dai, X. (2016a). Beifang diqu longshan shidai de juluo yu shehuidb /5 th X g1l AR 75 S4k 2
Kaogu yu weneu % 15 53CH), 4, 60-69.

Dai, X. (2016b). Taosi, Shimao yu Erlitou: Zhongyuan ji beifang zaoqi guojia de xingcheng M=, 7 i 5
TR R AR R K K. In Institute, S. P. A. (Ed.) Faxian Shimao gucheng 5 BiH
51 3. Wenwu chubanshe 3240 H il At

Dee, M. W., & Bronk Ramsey, C. B. (2014). High-precision Bayesian modeling of samples susceptible to
inbuilt age. Radiocarbon, 56(1), 83-94.

@ Springer


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

9 Page 30 of 33 Journal of World Prehistory (2025) 38:9

Flad, R., Yuan, J., & Li, S. (2007). Zooarcheological evidence for animal domestication in northwest
China. Developments in Quaternary Science, 9, 167-203.

Frachetti, M. D. (2012). Multiregional emergence of mobile pastoralism and nonuniform institutional
complexity across Eurasia. Current Anthropology, 53(1), 2-38.

Godwin, H. (1962). Half-life of radiocarbon. Nature, 195, 984-984.

Guo, Q., Sun, Z., & Shao, J. (2016). Shimao waicheng dongmenzhi he zaoqi chengjianjishu 1 51 #MNF %<
TR FIHIR R AR . Kaogu yu wenwu 2517 530, 4, 88-101.

Guo, X. (2015). Shenmuxian muzhuzhuliang yizhi de fenqi #HAEAFEALZIFENIEFI53 . Kaogu yu
wenwu % 1 53, 5, 32-36.

Han, J. (2003). Zhongguo beifang diqu xin shiqi shidai wenhua yanjiu E 1675 3 X B4 ay AR SCAL
i Wenwu chubanshe 34 Hi i At

Han, J. (2008). Zhongguo xibei xiangin shiqi de ziran huanjing yu wenhua fazhan " [E 75 1L [X Je Z i
IR B SR 5 S A K . Wenwu chubanshe SCHH AL

Hein, A. (2016). The problem of typology in Chinese archaeology. Early China, 39,21-52.

Hosner, D., Wagner, M., Tarasov, P. E., Chen, X., & Leipe, C. (2016). Spatiotemporal distribution patterns
of archaeological sites in China during the Neolithic and Bronze Age: An overview. The Holocene,
26, 1576-1593.

Hu, S., Zhang, P., & Yuan, Y. (2008). Yulin huoshiliang yizhi dongwu yicun yanjiu #i#k K A it 554
A 5. Renleixue xuebao N7, 27(3), 232-248.

Institute of Archaeology, Chinese Academy of Social Sciences. (1992). Zhongguo kaogu xue zhong tan
shisi niandai shuju ji " E 2% 5 % p i I AEREHE S, 1965-1991. Wenwu press SCHIH A

Institute of Archaeology, Chinese Academy of Social Sciences. (1993). Fangshexing tan su ceding niandai
baogao (20) HH PERR 2 8 AR (Z0). Kaogu 1, 7, 645-649.

Institute of Archaeology, Chinese Academy of Social Sciences. (2010). Zhongguo kaoguxue: Xinshiqi
shidai juan W [E 21 % J0A 8 X4. Zhongguo shehui kexue chubanshe H [E 41 £ A} 2 H i At

Jaang, L. (2015). The landscape of China’s participation in the Bronze Age Eurasian network. Journal of
World Prehistory, 28,179.

Jaang, L., Sun, Z., Shao, J., & Li, M. (2018). When peripheries were centres: A preliminary study of the
Shimao-centred polity in the loess highland, China. Antiquity, 92, 1008—-1022.

Jaffe, Y., Castellano, L., Shelach-Lavi, G., & Campbell, R. B. (2020). Mismatches of scale in the applica-
tion of paleoclimatic research to Chinese archaeology. Quaternary Research, 99, 14-33.

Jaffe, Y. Y., & Hein, A. (2020). Considering change with archaeological data: Reevaluating local variation
in the role of the~ 4.2 k BP event in Northwest China. The Holocene, 31(2), 169—182.

Jiang, W., & Liu, T. (2007). Timing and spatial distribution of mid-Holocene drying over northern China:
Response to a southeastward retreat of the East Asian Monsoon. Journal of Geophysical Research:
Atmospheres, 112(D24), 1-8.

Jones, M., Hunt, H., Lightfoot, E., Lister, D., Liu, X., & Motuzaite-Matuzeviciute, G. (2011). Food global-
ization in prehistory. World Archaeology, 43(4), 665—-675.

Kohl, P. (2008). Shared social fields: Evolutionary convergence in prehistory and contemporary practice.
American Anthropologist, 110(4), 495-506.

Li, L. (2007). Qingshuihe xian xiata shigian chengzhi J&7Ki 55 T # S BIAE. In Q. Liu RIJKAE. (Ed.)
Zhongguo kaoguxue nianjian H B T 24 BE . Wenwu chubanshe SC4) H L.

Lin, Y. (1986). A reexamination of the link between the bronzes of Shang civilization and the northern
region. Early China, 9, 8-9.

Linduff, K. M. (1995). Zhukaigou, steppe culture and the rise of Chinese civilization. Antiquity, 69,
133-145.

Linduff, K. M. (2015). What’s mine is yours: The transmission of metallurgical technology in eastern Eur-
asia and East Asia. Materials and civilization: Proceedings of the Seventh International Conference
on the Beginnings of the Use of Metals and Alloys (BUMA VII) (pp. 8-14).

Linduff, K. M., & Mei, J. (2009). Metallurgy in ancient Eastern Asia: Retrospect and prospects. Journal
of World Prehistory, 22, 265-281.

Liu, J., Chen, J., Zhang, X., Li, Y., Rao, Z., & Chen, F. (2015). Holocene East Asian summer monsoon
records in northern China and their inconsistency with Chinese stalagmite 5180 records. Earth-
Science Reviews, 148, 194-208.

Mei, J. (2003). Cultural interaction between China and Central Asia during the Bronze Age. Proceedings
of the British Academy, 121, 1-39.

Millard, A. R. (2014). Conventions for reporting radiocarbon determinations. Radiocarbon, 56(2),
555-559.

@ Springer



Journal of World Prehistory (2025) 38:9 Page 31 of 33 9

Neimenggu, S. M. Y., & Baotoushi, W. G. (1984). Neimenggu baotoushi ashan yizhi fajue jianbao P 5% iy
A Sk T B bk 2 3 i k. Kaogu %57H, 2, 97-108.

Neimenggu, W. K. Y., & Beijing, D. K. (1991). Liangcheng xian yangchanggou yizhi qingli jianbao %3
EW) et hbiE B Rk, Caoyuan wenwu FLJE W), 11-12.

Neimenggu, W. K. Y., & Beijing, D. K. (2004). Neimenggu liangcheng xian sandaogou yizhi de shijue P4
S E =B ik R Beifung Wenwu AL W, 4, 15-18.

Neimenggu, Z. W. K. Y. (1994). Neimenggu wenwu kaogu wenji yi W5 il LI 15 4 —. Zhongguo
dabaike quanshu chubanshe # [E K B &L 4> 45 tH A

Neimenggu, Z. W. K. Y. (1997). Neimenggu wenwu kaogu wenji er W52 375 1 SC4E .. Zhongguo
dabaike quanshu chubanshe H [E K H Rl 4 15 H iR A

Neimenggu, Z. W. K. Y., & E”erduosi, B. (2000). Zhukaigou: Qingtong shidai zaoqi yizhi fajue baogao %
FEi: T AR B hE 2 48 42 15 . Wenwu chubanshe SO H it

Neimenggu, Z. W. K. Y., & Qingshuihexian, W. G. (2001). Qingshuihexian xicha yizhi fajue jianbaoii 7K
B PG AL R 3 4. In J. Cao (Ed.), Wanjiazhai shuili shuniu gongcheng kaogu baogaoji Ji %%
FEKFIRRA TFE % h 4 75 5. HuhehaoteMF A1 HF: Yuanfang chubanshe 3277 Hi ik,

Neimenggu, Z. W. K. Y., & Yikezhaomeng, W. G. (2006). Shaanbei xinshiqi shidai shicheng juluo de fax-
ian yu chubu yanjiu BRALHTA &5 KA 3R V& 11 S BB D AR 7. Zhongguo Shehui Kexueyuan
Gudai Wenming Yanjiu Zhongxin Tongxun FBI#E & BB T AASC A0 704 OIEER, 11, 34-44.

Pesce, G. L., & Ball, R. J. (2012). Dating of old lime based mixtures with the ‘pure lime lumps’ technique.
In D. Nawrocka (Ed.), Radiometric dating (pp. 21-38). InTech.

Rawson, J. (2013). Ordering the exotic: Ritual practices in the late western and early eastern Zhou. Artibus
Asiae, 73, 5-76.

Rawson, J. (2015). Steppe weapons in ancient China and the role of hand-to-hand combat. The National
Palace Museum Research Quarterly, 33, 37-96.

Rawson, J. (2017). Shimao and Erlitou: New perspectives on the origins of the bronze industry in central
China. Antiquity, 91, 355-359.

Reimer, P., Austin, W., Bard, E., Bayliss, A., Blackwell, P., Bronk Ramsey, C., Butzin, M., Cheng, H.,
Edwards, R., Friedrich, M., Grootes, P., Guilderson, T., Hajdas, 1., Heaton, T., Hogg, A., Hughen,
K., Kromer, B., Manning, S., Muscheler, & Talamo, S. (2020). The IntCal20 Northern Hemisphere
radiocarbon age calibration curve (055 cal kBP). Radiocarbon, 62(4), 725-757.

Renfrew, C., & Liu, B. (2018). The emergence of complex society in China: The case of Liangzhu. Antig-
uity, 92(364), 975-990.

Shaanxisheng, K. Y. (2002). Shanxi shenmu xian zhaimao yizhi fajue jianbao B 75 ## A< EL 28 b it 1k 2 4
faitlk. Kaogu yu wenwu %517 5304, 3, 3-18.

Shaanxisheng, K. Y. (2011). Shaanxi jingbian wuzhuangguoliang yizhi fajue jianbao [ Ftiu i F1 3= L1
Bk R ). Kaogu yu wenwu %1 5304, 6, 53-63.

Shaanxisheng, K. Y. (SHAANXI). (2016). Shaanxi jiaxian shiluoluoshan yizhi longshan yicun fajue jian-
bao BRI R E A FRIR LEhE e L s AE R IR . Kaogu yu wenwu %7 53X, 4, pp.3-13

Shaanxisheng, K. Y., & Shaanxsheng W. S. G. (2011). Liuzhu wenming: Shanxi ‘shiyiwu’ gijian jiben
Jjianshe kaogu zhongyao faxian 2006-2010. BEA¥SCW: BV +— F B S A W% 1 B E R I
2006-2010 (pp. 42—46). Sanqin chubanshe = 7% H! i 4t:.

Shaanxisheng, K. Y., & Yulinshi, W. B. Y. (2005). Shenmu Xinhua ¥R ¥74E. Kexue chubanshe £} H
JgAL.

Shaanxisheng, K. Y., & Yulinshi, W. B. Y. (2009). Shaanxi hengshan xian wayaoqu zhaishan yizhi fajue
jlanbao [ PEAE (L B PL AT IR S Ls bk R IR iR Kaogu yu wenwu &+ 5304, 5, 11-17.

Shaanxisheng, K. Y., Yulinshl, W. K. K. G., & Shenmuxian, S. Y. G. (2016). Shaanxi shenmu xian
shengedaliang yizhi fajue jianbao Bk7E#iA EL iz A Z2 b & 48 i #)k. Kaogu yu wenwu 55
W, 4, 3444,

Shaanxisheng, K. Y., Yulinshi, W. K. K. G., & Shenmuxian, S. Y. G. (2021). Shaanxi Shenmu Shimao
yizhihunagchengtai dataiji yijilse vi #f A 17 F gt dik 2 I8 & K & B8, Kaogu %1, 7, 34-46.

Shaanxisheng, K. Y., Yulinshi, W. K. K. G., & Shenmuxian W.f#i K B 344 )5 . (2013). Shaanxi shenmu
xian shimao yizhi kPG #IA B A b 8 bt Kaogu %5+, 7, 15-24

Shanxisheng, K. Y. (2017). Shanxi xingxian baiyagou yizhi diaocha jianbao 111 i % 5 (4 7438 hit- 1 75 faj
. Zhongguo guojia bowuguan guankan FEWEET], 3, 6-14.

Shanxisheng, K. Y., Shanxi, D. W. X. K., & Xingxian, W. L. (2017). 2016 Nian shanxi xingxian bicun
yizhi fajue jianbao 2016 4 1L PG FLEEA BEIE K A8 4. Zhongyuan Wenwu 1 JFESLH), 6, 4-17.

Shanxisheng, K. Y., & Xingxian, W. L. (2016). 2015 Nian shanxi xingxian bicun yizhi fajue jianbao 2015
AR LG DSBS R R IR R . Kaogu yu wenwu 514 53X, 4, 25-33.

@ Springer



9 Page 32 of 33 Journal of World Prehistory (2025) 38:9

Shao, J. (2016). Shi lun shi mao chengzhi de niandai ji xiujian guocheng iR it 47 Hi Lt (AR B 5 i
F£. Kaogu yu wenwu %51t 53C#), 4, 102-108.

Shao, J. (2019). Chulun shanbei diqu longshan qianqi yicun FJi&BRACHLIX JE 1L #1347, Kaogu yu
wenwu %15 53X, 4, 61-65.

Shao, J. (2021). A comparative study of Shimao and Taosi. Chinese Archaeology, 21(1), 151-161.

Shelach-Lavi, G. (2015). Steppe land interactions and their effects on Chinese cultures during the second
and early first millennia BCE. In R. Amitai & M. Biran (Eds.), Nomads as agents of cultural change:
The Mongols and their Eurasian predecessors (pp. 10-31). University of Hawaii Press.

Sherratt, A. (2006). The trans-Eurasian exchange: The prehistory of Chinese relations with the West. In V.
H. Mair (Ed.), Contact and exchange in the ancient world (pp.30-61). University of Hawaii Press.

Sun, Z. (2000). Dagingshan nanlu shicheng juluo chubu yanjiu K75 1L 76 7 A 38 R IE WIS 5. Wenbo
T, 5, 47-53.

Sun, Z. (2016). Gongyuangian di sanqian ji beifang diqu shehui fuzahua guocheng kaocha — yi yulin diqu
kaogu ziliao wei zhongxin A JGHT 2 = T4t 77 X #1254 A F2 25 58— DU bR X 28 o %
BRI, Kaogu yu wenwu 51 5309, 4, 70-79.

Sun, Z., Shao, J., & Di, Na. (2020). Shimao yizhi di kaogu faxian yu yanjiu zongshuf 5 41k (1) 7% &
IS5 72538, Zhongyuan wenwu W R SCH, 1, 39-62.

Sun, Z., Shao, J., Liu, L., Cui, J., Bonomo, M. F., Guo, Q., Wu, X., & Wang, J. (2018). The first Neolithic
urban center on China’s north Loess Plateau: The rise and fall of Shimao. Archaeological Research
in Asia, 14, 33-45.

Tang, Z., Cao, J., & Zhang, S. (2004). Neimenggu qingshuihexian xicha yizhi baofen fenxi yu guhuanjing
yanjiu P 5 1l & K] B 76 7 35t hE 0 20 4 5 A RS 9. Bianjiang kaogu yanjiu {1885 A,
3, 1-10.

Tian, G. (1988). Neimenggu zhukaigou yizhi P 5 1 R4 I8HIE. Kaogu xuebao 511 %54k, 1, 301-332.

Tian, G., & Guo, S. (1988). E”erduosi shi qingtongqi de yuanyuan 58/K 22 ¥\ H 41 25 K. Kaogu
xuebao 2K, 3, 257-2717.

Tian, G., & Guo, S. (2004). Beifang kaogu lunwenji 36777 151 C£E. Kexue Chubanshe £ Hihfittl.

Tian, G., & Han, J. (2003). Zhukaigou wenhua yanjiu 2 57 SCALHF 7% In Beijing Daxue Wenbo Xueyuan
b KBS AR (Ed.), Kaoguxue yanjiu 7% 15221 75. Kexue chubanshe £} H it

Tong, E. (1987). Shilun woguo cong dongbei zhi xinan de bian di banyue xing wenhua chuanbo dai R
FRIE M ZR A 22 74 e A 2 3 T SCAG A& 4% 7. Wenwu chubanshe SCHHE AL

Van Klinken, G. J. (1999). Bone collagen quality indicators for palacodietary and radiocarbon measure-
ments. Journal of Archaeological Science, 26, 687—695.

Wagner, M., Tarasov, P., Hosner, D., Fleck, A., Ehrich, R., Chen, X., & Leipe, C. (2013). Mapping of the
spatial and temporal distribution of archaeological sites of northern China during the Neolithic and
Bronze age. Quaternary International, 290, 344-357.

Watson, W. (1971). Cultural frontiers in ancient East Asia. Edinburgh University Press.

Wei, J., & Cao, J. (1999). Neimenggu zhongnanbu xinshiqi shidai shicheng chubu yanjiu P 5 i 7 53
W e A ALY TS, Wenwu SCH, 2, 57-62.

Wei, X., Sun, Z., & Shao, J. (2018). Shilun Zhaimaoliang yizhi de fenqi ji niandaii & € by 2t hik () 5>
AR AEAR. Kaogu yu wenwu 57 5309, 1, 63-71.

Wuen, Y. (1993). Zhukai gou wenhua fazhan ji qi yiyi 258 3046 5% g Jx H & 28, In Zhongguo Shehua
Hexueyuan Kaogu Yanjiusuo ™ [E 4t &Rl %  5WF 5C A (Ed.), Zhongguo kaogu xue lun cong:
Zhongguo shehui kexueyuan kaogu yanjiu suo jian suo 40 nian jinian " E 258 N HE 2
Bl B 2 d 0 78 AT i 404 40 2. Kexue chubanshe £} H ittt

Xia, N. (1977). Tan-14 ceding niandai he zhongguo shigian kaoguxuefi#-14 Wl & SEACFN [ s 5 % oty
%, Kaogu %14, 4,217-232.

Xiyuan, Y. F. (1990). Neimenggu baotoushi xiyuan xinshiqi shidai yizhi fajue jianbao P4 5 it £ 3k 7 7t
B ER I A I AR TR Kaogu 575, 4, 295-306.

Yang, X. (2000). Daihai kaogu (yi) laohushan wenhua yizhi fajue baogaoji 158515 (—) Z T 1L 34L&
hE S5 R 75 4. Kexue chubanshe B} H i 4.

Yuan, S., Chen, T., Hu, Y., Meng, Q., & Ma, L. (1994). Tan shisi niandai ceding baogao (9) i+ PUEAL
WA (L) Wenwu SCH), 4, 89-95.

Zhang, C. (2017). Longshan-Erlitou-zhongguo shiqiang wenhua geju de gaibian yu gingtong shidai quan-
qiu hua de xingcheng¥1li—— Bl Sk—r [E] 50 5 SCAGAS S5 1 B0 5 75 A B AR A 3RAL I T .
Wenwu 3CH)J, 50-59.

Zhang, C., Pollard, A. M., Rawson, J., Huan, L., Liu, R., & Tang, X. (2019). China’s major late Neolithic
centres and the rise of Erlitou. Antiquity, 93, 588—603.

@ Springer



Journal of World Prehistory (2025) 38:9 Page 33 of 33 9

Zhang, T., & Ding, Y. (2016). Shiluoluoshan longshan gucheng ji xiangguan wenti gianlun f142{2 111 111
3 R 2 1) @R 1S . Kaogu yu wenwu 51 5 W), 4, 45-51.

Zhang, X., Chou, S., Cai, L., Bo, G., Wang, J., & Zhong, J. (2007). Xinzhai—Erlitou—Erligang wenhua
kaogu niandai xulie de jianli yu wanshan (Improving the Xinzhai Erlitou and Erligang cultures’ rela-
tive chronologies). Kaogu, 1, 74-89.

Publisher's Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

@ Springer



	﻿Re-examining the Chronological Framework and Human Occupation Pattern of the North Loess Plateau Using Bayesian Modelling
	﻿Abstract
	﻿Introduction
	﻿Shimao and the North Loess Plateau
	﻿Current Chronological Framework
	﻿Problems with the use of Radiocarbon Dates
	﻿Materials and Methods
	﻿Quality Assessment
	﻿Modelling Process

	﻿Results
	﻿Calibration of Single Dates
	﻿KDE Modelling
	﻿Phase Modelling
	﻿Spatiotemporal Plots

	﻿Discussion
	﻿A Review of the Conventional Chronological Framework
	﻿The Shifting Pattern of Human Occupation
	﻿A Refined Chronological Framework for the North Loess Plateau
	﻿Further Implications

	﻿Conclusion
	﻿References


