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Introduction
It has been established that the Eurasian land mass had exchanges 
at a continental scale of people, material, agricultural products, 
and knowledge during prehistory (Frachetti et al., 2017; Sherratt, 
2006). One important process could be described as trans-Eur-
asian exchange of domesticated plants and animals or ‘Prehistoric 
food globalization’ (Jones et al., 2011, 2016; Liu and Jones, 2014) 
and brought the Fertile Crescent originating ‘Neolithic founder 
crops’ to the East and Chinese domesticates such as millets to the 
West (Dong et al., 2017; Hunt et al., 2008; Liu et al., 2016a; 
Spengler et al., 2014; Stevens et al., 2016; Wang et al., 2017). 
This early episode of a globalization process has attracted schol-
arly attention with different methodological agendas (Boivin 
et al., 2012; Chen et al., 2015; Lightfoot et al., 2013; Liu et al., 
2014), since it promoted cultural evolution and the expansion of 
human living spaces during Neolithic and Bronze periods across 
Eurasia (Diamond and Bellwood, 2003; Dong et al., 2016b; Kuijt 
and Goring-Morris, 2002).

Drawing on material cultural evidence, archaeological studies 
provide evidence for the trans-continental cultural exchange in 
prehistory. Comparative analyses on artifacts have demonstrated 
the eastern dispersal of material traditions of the Eurasian steppe 
(Frachetti et al., 2010; Oates, 1990; Rosenberg, 2010; Wertime, 
1973), for example, bronze metallurgy and mud bricks that origi-
nated in southwest Asian were spread to east central Asia between 
5000 and 4000 BP and then Northwest China between 4000 and 
3000 BP (Muhly, 1985; Willcox et al., 2008; Roberts et al., 2009; 

Yang et al., 2016). Painted potteries that originated in western 
Loess Plateau of north China were introduced to the Hexi Corri-
dor during 5300–4500 BP and spread further westward to Xinji-
ang and south Central Asia between 3800 and 3400 BP (Han, 
2013; Institute of Archaeology of Chinese Academy of Social 
Science, 1994). Zooarchaeological studies suggest that sheep and 
horses were first domesticated in west Asia and western Eurasia 
Steep (Hongo et al., 2009; Warmuth et al., 2011) and spread to 
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northwest China between 5600 and 4000 BP and 4000 and 3500 
BP, respectively (Ren and Dong, 2016; Yuan, 2015). These stud-
ies provide valuable clues for reconstructing the timeline of cul-
tural communication across Eurasia in prehistoric times; however, 
the exact timing for the prehistoric trans-continental cultural 
exchange remains unclear, because of the absence of sufficient 
reliable dates directly associated with the archaeological 
evidence.

Archaeobotanical studies and direct dating of charred crops 
grains from Neolithic and Bronze sites in key stations of the 
ancient Silk Road, a major passageway bridging China and the 
central and western parts of Eurasia in the last two millennia, can 
provide valuable perspectives for exploring prehistoric culture 
exchanges (Betts et al., 2014; Dodson et al., 2013; Dong et al., 
2017; Liu et al., 2016b; Motuzaite-Matuzeviciute et al., 2013; 
Spengler, 2015;). The Hexi Corridor of northwest China is a key 
section of the Ancient Silk Road, and the area is also suggested as 
the hub for cultural exchange between west and east sectors of 
Eurasia during prehistoric times (Long et al., 2016); for Fertile 
Crescent plant and animal remains have been frequently identi-
fied in early Bronze sites of this area, along with foxtail millet and 
common millet, which originated in north China (Flad et al., 
2010; Zhou et al., 2016). Previous studies have brought to lights a 
considerable number of direct dates from this region (Dodson 
et al., 2013; Liu et al., 2016a). Here, we augment that evidence by 
reporting radiocarbon results obtained from charred grains from 
the Bronze Age Hexi Corridor sites. By doing so, we seek a better 
understanding of the trans-continental cultural and agrarian 
exchange in prehistoric period.

To examine the timing for prehistoric long-distance culture 
exchanges in the Hexi Corridor, we collect flotation samples and 
identify crop remains from the Neolithic and Bronze Age sites in 
the area and directly date charred grains of different crops. We also 
review the archaeobotanical analyses and previously published 
radiocarbon measurements, together with archaeological studies, in 
the Hexi Corridor and surrounding areas. We aim to provide a new 
and more complete perspective for understanding the root for the 
formation of the Ancient Silk Road in the Han Dynasty.

Study area
The Hexi Corridor (92°21′E–104°45′E, 37°15′N–41°30′N) of 
northwest China spans from the Wushaoling Mountains in the 
east to the Yumen Pass in the west. It is oriented along a SE-NW 
axis between what is known as the Southern Mountains (includ-
ing Qilian and A-erh-chin Mountains) and the Northern Moun-
tains (including Mazong, Heli, and Longshou Mountain ranges). 
There are three main inland rivers in this region, the Shule, Shi-
yang, and Hei Rivers. The headwaters of these rivers are in the 
Qilian Mountains, and their hydrological systems give the forms 
of oases in an otherwise arid area. The Hexi Corridor is a key sec-
tor of pathways connecting central China with Xinjiang and Cen-
tral Asia.

The cultural history of this region has been relatively well 
established by archaeologists (e.g. Li, 2009, 2011). The Neolithic 
of the Hexi Corridor consists of three types of the Majiayao cul-
ture: the Majiayao (5000–4600 BP), Banshan (4600–4300 BP), 
and Machang (4300–4000 BP). The Bronze Age cultures of this 
region include Qijia (4000–3600 BP), Xichengyi (4000–3700 
BP), Siba (3700–3400 BP), Shajing (2800–2400 BP), and Shanma 
(3000–2400 BP).

Materials and methods
We investigated 50 sites of the late Neolithic and Bronze Ages in 
the study area during the field seasons of 2014 and 2015. Materi-
als recovered from the field include pottery sherds, animal bones, 

stone artifacts, copper slag and ores, as well as botanical remains. 
Archaeobotanical samples were investigated from 22 sites in the 
Hexi Corridor (Figure 1). The choice of sites followed three prin-
ciples: we select sites with identifiable pottery sherds in order to 
identify cultural setting; we selected well-sealed pit fills or cul-
tural layers to minimize contaminating intrusions, and studies 
were conducted on cleaned sediment sections. A total number of 
23 flotation samples were collected from the 22 sites (Table 1).

Charred grains used in this study were identified in the 
Paleoethnobotany Laboratory, Institute of Archaeology, Chinese 
Academy of Social Sciences, Beijing. Charred grains are prefer-
able over charcoals to avoid possible reworked charcoal effects 
(Dong et al., 2014). In total, 21 samples were analyzed using 
accelerator mass spectrometry (AMS) at Peking University, Bei-
jing, while two other samples were measured by AMS at Beta 
Analytic, Miami. Results were calibrated using Calib (v.7.0.2; 
Stuiver and Reimer, 1993) and the IntCal13 calibration curve 
(Reimer et al., 2013). All results are reported relative to AD 
1950 (referred to as ‘cal. yr BP’).

Results
The results of the radiocarbon analyses are shown in Table 1. In 
the late Neolithic period, the oldest foxtail millet (Setaria ital-
ica) age is from Gaomuxudi in Suzhou County (4577–4825 cal. 
yr BP). A calibrated date of broomcorn millet (Panicum milia-
ceum) from Xitai in Gulang Country, and three calibrated foxtail 
millet dates from Duojialiang in Gulang Country, Guojiashan in 
Liangzhou Country, and Xichengyi in Ganzhou Country range 
from 3934 to 4413 cal. yr BP, falling within the chronological 
range of the Machang Phase (4300–4000 BP). Xihetan is part of 
the late Machang (4300–4000 BP) and Xichengyi cultural 
phases (4000–3700 BP). The foxtail millet there dates from 
3900 to 4140 cal. yr BP.

Among the early Bronze Age sites, the earliest calibrated bar-
ley (Hordeum vulgare) age is from Lijiageleng in Gulang Country 
and ranges from 3588 to 3810 cal. yr BP; the earliest calibrated 
wheat (Triticum aestivum) age is from Huoshiliang in Jinta Coun-
try and ranges from 3703 to 3833 cal. yr BP, corresponding to the 
Qijia–Xichengyi period (4000–3600 BP). Four calibrated wheat 
dates from Xihuishan in Minle Country, Dadunwan and Shaguol-
iang in Yumen Country, and Ganguya in Suzhou Country range 
between 3399 and 3823 cal. yr BP, which are consistent with the 
Siba cultural period (3700–3400 BP). Among the late Bronze Age 
sites, two barley dates from Sanjiaocheng and Huoshitan in Min-
qin County are calibrated, and they range between 2727 and 2489 
cal. yr BP, falling within the Shajing cultural period (2800–2400 
BP). A barley grain from Sanjiaocheng in Jinchang County is ana-
lyzed and calibrated to 2156–2327 cal. yr BP, nearly 400 years 
later than the results from previous estimates based on contextual 
associations (Gansu Provincial Institute of Cultural Relics and 
Archaeology, 2001). Four calibrated barley dates from Huosha-
ogou and Gudongtan in Yumen Country, Guohuitai in Shandan 
Country, and Zhaojiashuimo in Suzhou Country range from 2942 
to 2489 cal. yr BP, corresponding to Shanma period. A calibrated 
barley date from Lucheng in Ejinaqi Country ranges from 2009 to 
2300 cal. yr BP, a little younger than the age range of Shanma 
culture (3000–2400 BP; Wang, 2012).

Most of the radiocarbon dates of the crops correspond well to 
the cultural ages established by typologies and artifacts associa-
tions. However, four radiocarbon dates of charred wheat and bar-
ley grains from three Machang sites including Guojiashan, 
Mozuizi, and Maolinshan are much younger than the previously 
estimated site ages. These dates range between 3073 and 3959 cal. 
yr BP, corresponding to Qijia, Xichengyi, and Siba periods (4000–
3400 BP) rather than the Machang (4300–4000 BP). This demon-
strates the importance of obtaining independent chronology.
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Discussion
Grains under cultivation during prehistoric times in 
the Hexi Corridor and their implication for trans-
continental cultural exchange
The results presented here allow us to comment on the timing of 
when millet cultivation was established in the Hexi Corridor. Our 
results are consistent with the previous hypothesis that in the Neo-
lithic Age people began to settle the Hexi Corridor in the Maji-
ayao cultural period (5300–4600 BP; Li, 2009, 2011). The oldest 
previously age of millet in this region is from Xihetan in the cen-
tral Hexi Corridor and dated to 4405–3993 BP (Zhou et al., 2016). 
Here, our result of 4825–4577 BP revises the time older by a few 
centuries (Figure 2, Table 1). Suitable climate conditions of the 
late Neolithic period in the western Loess Plateau possibly pro-
vided pushing factors to population growth and the expansion of 
millet cultivation toward the northeastern Tibetan Plateau and the 
Hexi Corridor (An et al., 2003, 2010; Jia et al., 2013; Zhou et al., 
2010). Our results show that no Fertile Crescent crops but only 
millet grains are recovered and directly dated to the Majiayao and 
Machang cultural periods (Table 1), and this is consistent with 
previous suggestions (Zhou et al., 2016). We can infer that 
between proximately 4800 and 4000 cal. yr BP people in the Hexi 
Corridor only cultivated the East Asian originating crops (mil-
lets). The southwest Asian crops and trans-continental cultural 
contact did not occur there before 4000 BP.

The general consensus of the eastern expansion of the southwest 
Asian originating cereal crops, including wheat and barley, is that 
they had migrated across Asia between proximately 6000 and 4000 
BP and reached China before 4000 BP. This issue has recently been 
discussed by various authors (Barton and An, 2014; Betts et al., 
2014; Flad et al., 2010; Spengler et al., 2014; Zhao, 2011) and 

argued with directly dated material from across Asia (Dodson et al., 
2013; Liu et al., 2016a). Thus far, the oldest directly dated wheat in 
Central Asia is from Tasbas in eastern Kazakhstan 4565–4418 BP 
(Doumani et al., 2015). The earliest direct dated of a wheat grain in 
China is from Zhaojiazhuang, a Longshan cultural site in Shandong 
Province, and dated to 4510–4158 BP (Jin et al., 2011).

In the Hexi Corridor, no wheat or barley has yet been identified 
from Majiayao (5000–4600 BP) and Machang (4300–4000 BP) 
cultural phases. The oldest directly dated wheat grain in the study 
area is from Huoshiliang, dated to 4084–3843 cal. yr BP (Dodson 
et al., 2013). Charred seeds of wheat, barley, foxtail, and broom-
corn millet are all identified from Huoshiliang and other Bronze 
sites in the central Hexi Corridor (Table 1; Liu et al., 2016a; Zhou 
et al., 2016). This implies that wheat had been introduced to the 
Hexi Corridor region by at least the early fourth millennium BP. To 
the east of the study area, wheat is subsequently documented at 
Jinchankou around 3900 BP, and the earliest barley remains from 
Gongshijia from the northeast Tibetan Plateau is dated between 
3843 and 4067 cal. yr BP (Chen et al., 2015); to the west, it is docu-
mented from Xiaohe and Gumugou in eastern Xinjiang Province 
and dated to around 3700 cal. BP (Liu et al., 2016a; Zhang et al., 
2015). These archaeobotanical evidence and direct dates of crop 
remains suggest trans-continental cultural exchange occurred in the 
Hexi Corridor and neighboring areas around 4000 BP.

The proportion of wheat and barley remains in the total 
archaeobotanical assemblage appeared to increase throughout 
the Bronze Age in the Hexi Corridor and became dominant after 
about 3700 BP (Zhou et al., 2016), while broomcorn millets and 
foxtail millets remained important crops during and before the 
Han Dynasty in this region. The remains of all these four major 
crops were frequently identified in Qijia, Xichengyi, and Siba 
cultural sites (Table 1 and Table S1, available online), indicating 

Figure 1. Distribution of prehistoric sites with archaeobotanical analysis and AMS dates in the Hexi Corridor.
1: Shaguoliang; 2: Gudongtan; 3: Shaguoliang; 4: Dadunwan; 5: Huoshaogou; 6: Zhaojiaoshuimo; 7: Ganggangwa; 8: Huoshiliang; 9: Ganguai; 10: Gaomuxudi; 
11: Xihetan; 12: Xichengyi; 13: Lucheng; 14: Xihuishan; 15: Donghuishan; 16: Guohuitai; 17: Jinchangsanjiaocheng; 18: Guojiashan; 19: Huangniangniangtai; 20: 
Maolinshan; 21: Mozuizi; 22: Xitai; 23: Duojialiang; 24: Lijiageleng; 25: Minqiansanjiaocheng; 26: Huoshitan.
The red and green circle dots are the sites with new data and published herein.

http://journals.sagepub.com/doi/suppl/10.1177/0959683617735585
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the strengthening of trans-Eurasian cultural/agricultural 
exchange by and after 4000 BP. This phenomenon is further 
revealed in the evidence of isotopic dietary analyses of proteins 
from human and animal skeletal remains. In the Hexi Corridor, a 
distinct dietary shift from consumption of dominantly C4-based 
food resources to consumption of both C4 and C3 foods occurred 
around 3900 BP (Liu et al., 2014). Similar dietary shifts have 
been documented for the upper Yellow River region at about 
3600 BP (Ma et al., 2016). This agrarian–culinary transition can 
be understood in the context trans-Eurasian exchange of crops as 
a simultaneous dietary change took place in both southern 
Kazakhstan and the Hexi Corridor regions (Liu et al., 2016b; 
Long et al., 2016; Wang et al., 2017).

Material evidence in the context of prehistoric trans-
continental exchange
There is considerable material evidence in the context of cultural 
exchange between the west and east. The archaeological record 
during the Neolithic includes painted ceramics which appear in 
all sites of the Majiayao (4600–4000 BP) and Machang (4300–
4000 BP), but bronze vessels have only been found in two Mach-
ang cultural sites, Gaomuxudi and Zhaobitan in the central Hexi 
Corridor (Figure 3; Li, 2011). After the Neolithic, however, the 
frequencies for bronze vessels, mace heads, and mud bricks 
unearthed from the Bronze Age sites (4000–2200 BP) in the Hexi 
Corridor evidently increased in comparison with the Machang 
period (Figure 3), indicating trans-continental culture exchange 
was probably enhanced after 4000 BP. This is in accordance with 
the region’s archaeobotanical evidence (Chen et al., 2015; Dong 
et al., 2016a; Wang et al., 2017).

Bronze smelting technology and mud bricks were introduced 
into east central Asia between 5000 and 4000 BP (Doumani et al., 
2015; Spengler and Willcox, 2013), and a center for copper smelt-
ing appeared in the south Ural Eurasian steppes around 4500 BP 
(Chernykh, 1992). Patterns of painted pottery (engrailment) of 
Banshan style of Majiayao culture in Gansu-Qinghai area share 
similar characteristics with those of Namazga culture IV-V 
(5000–4000 BP), which may have been influenced by pottery 
technology from south Central Asia (Kohl, 1981).

After the mid-fifth millennium BP, archaeological evidence 
from the Hexi Corridor suggests that cultural elements from east 
Asia spread to Central Asia by the way of the Hexi Corridor. For 
example, patterns of painted pottery spread to Xinjiang and then 
influenced Chust cultures in south Central Asia in the late Bronze 
Age (Han, 2013). At the same time, the cultural elements of West 
Asia and the Eurasian steppes spread to east Central Asia and then 
to northwest China according to the known ages for carved stone 
wares; metallurgy of copper and iron; beads made from carnelian, 
lapis lazuli, gold, turquoise, chalk, silver, mace head, and gold ware 
as symbols of power and domesticated sheep, horses, and cattle; 
and architectural technology using mud brick (Spengler, 2015).

Bronze metallurgical technology appeared in Mesopotamia dur-
ing the end sixth millennium BP and spread to central Asia during 
5000–4000 BP (Muhly, 1985), with influence in the Hexi Corridor 
and other parts of China after 4000 BP (Roberts et al., 2009; Yang 
et al., 2016; Zhang et al., 2017). The earliest mace head evidence 
appeared in Pre-Pottery Neolithic and early phases of the Pottery 
Neolithic (Yarmukian culture, 8400–7800 BP) of the southern 
Levant (Rosenberg, 2010), and copper or stone mace head was also 
found in many archaeology sites dating back to 8000–5000 BP in 
West Asian (Moorey, 1988). Then, they spread to Central Asian and 

Figure 2. The comparison between the direct dates of crops remains and the geography of prehistoric sites unearthed from the Hexi 
Corridor.
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further eastward disseminate to east Asia in late Neolithic and 
Bronze Ages (Li, 2010), for example, copper–stone mace heads 
have been found in Xichengyi and Siba cultural sites in the Hexi 
Corridor and northwest China with ages from 4500 BP (Chen et al., 
2014; Li, 2016). Archaeological evidence reveals that the earliest 
mud brick buildings appeared in the Near East in Pre-Pottery times 
of the Neolithic and then apparently spread quickly to other areas 
(Dani and Masson, 1992; Kuijt and Mahasneh, 1998). Mud brick 
technology appeared in Northern Iran; Southern Central Asian; 
Eastern Central Asian, and the Hexi Corridor, Xinjiang, and Inner 
Mongolia in 8000 BP, 8000–7000 BP, 5000–4000 BP, and after 
4000 BP, respectively (Cao et al., 2010; Chen et al., 2014; Dani and 
Masson, 1992; Doumani et al., 2015; Harris et al., 1996).

The emergence and intensification of cultural exchange across 
Eurasia in the late prehistoric period was promoted by the devel-
opment of long-distance conveyances (Anthony, 2010; Di Cosmo, 
2002), such as domesticated horses and chariots that were first 
utilized in central Asia by the fifth millennium BP (Anthony, 
2010; Kuzmina, 2008). These advancements in transportation 
may have been crucial in facilitating migration of humans and 

technology from about the early fourth millennium BP (Frachetti, 
2009; Kuzmina, 2008). This early exchanges profoundly influ-
enced human and culture evolution in the Old World (Christian, 
1994; McNeill, 1963) and was accompanied with major genome 
mixing between Europe (Haak et al., 2015) and Xinjiang Prov-
ince of northwest China (Li et al., 2010). The emergence and 
intensification of this long-distance exchange post 4000 BP also 
significantly influenced culture evolution in the Hexi Corridor 
and surrounding areas, which was attributed to an important fac-
tor to induce the transition from one dominant culture (the Qijia 
culture) to a diversification of many coexisting cultures in differ-
ent regions of Gansu and Qinghai Provinces in northwest China 
around 3600 BP (Ma et al., 2016).

Conclusion
Systematic dating of the remains of millet, wheat, and barley 
unearthed from Neolithic and Bronze sites in the Hexi Corridor, 
provides an expanded dataset for exploring human settlement in 
this area and early trans-continental culture exchange with the 

Figure 3. The distribution of Neolithic and Bronze sites with polychrome pottery, bronze vessels, sheep, mace head, and mud bricks in the 
Hexi Corridor.



Dong et al. 627

Old World. The data indicate that millet farmers had settled in the 
Hexi Corridor by 4800 BP, with the production of painted pottery 
that originated from north China. Cultural elements from west 
Asia including wheat, barley, and bronze vessel, for example, 
had been introduced first to central Hexi Corridor before 4000 
BP and then spread rapidly mainly along the west-eastward axis. 
Thus, trans-continental cultural exchange emerged in the Hexi 
Corridor in very late fifth millennium BP and intensified in the 
Bronze Age, and which laid the foundation for the formation of 
Ancient Silk Road in Han Dynasty.
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