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Prehistoric Yellow River Flooding Secrets Unraveled by the
Middle Route of the South-to-North Water Diversion Project in

the Zhengzhou Section”

XU Hailiang
Scholar of the Yellow River’s Natural History and Culture

In the spring of 2011, the transfer project of the South-to-North Water Diversion Middle Route Canal in the
Zhengzhou section was in full swing. Earth excavation along the main canal in the Xingyang section and the
Zhengzhou urban section progressed rapidly. What people might not have anticipated was that this colossal 21st-
century water conservancy project would open for us a profound archive of environmental and hydrological
history of the Yellow River. It has unveiled the secrets of ancient Yellow River distributaries once traversing
Greater Zhengzhou, flowing through the western and southern parts of present-day Zhengzhou.

If you set out on a journey along the excavated main canal in the southern and western suburbs of Zhengzhou
after a rain, just as the skies have cleared, and head toward the construction sites in the western suburbs of
Zhengzhou and the Xingyang section, you will see, following the neat line of the canal, distinct layers of soil on
the slope in shades of light yellow, dark yellow, grayish-brown, ginger yellow, and reddish-brown. The
boundaries between these layers appear to run parallel to the canal banks and bottom. We joked, “It looks like
marbled pork!” Descending from the path down to the canal bottom along the cleared slope, at various points,
you can clearly observe the exposed earth of western Zhengzhou, laid bare by the excavation: layers of soil in
different colors—cultivated topsoil, silt layers, sandy clay, silt layers, silty clay, fine sand layers—alternate and
overlap, extending for over ten kilometers in an orderly, continuous, and cohesive sequence. In most sections,
clay or silty clay layers and fine silt or sand layers appear at least twice, revealing multiple sedimentary cycles
under varying hydraulic conditions. Field observations of the texture and grain size of the sand and clay layers
indicate deposits formed in different fluvial or still-water environments. Thanks to the engineering excavation,
we were able to survey the shallow geological and stratigraphic cross-section of western Zhengzhou along the
entire route without cost—saving the effort of drilling ten boreholes! Examining the enlarged grains of the sand
layers, they show high roundness, good sorting, and uniform color, typical of sediments transported over long
distances by flowing water. Occasionally containing clay particles, small calcareous concretions, or fossilized
aquatic shell organisms, these deposits, when compared with the familiar Yellow River sand, are likely sediments
carried by the Yellow River rather than local alluvial or proluvial deposits from the piedmont.

* This excerpt is taken from XU Hailiang’s The Yellow River and Zhengzhou from an Environmental History Perspective, China
Water & Power Press, first edition, March 2025.

And this research is funded by the Henan Province Postdoctoral Research and Development Base—Zhengzhou Institute of
Cultural Heritage and Archaeology project titled “Preliminary Study on the Reconstruction of Paleoenvironmental Sequences and
Changes in Ancient Settlements in the Zhengzhou Region Since the Late Pleistocene”.
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The Landscape of an Excavation Site—South-to-North Water Diversion Middle Route, Zhengzhou Section.

(Photographed by the author)
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But these are sands left by the Yellow River ten thousand, even twenty thousand years ago! In exploring the
natural evolution of the Yellow River, we cannot help but feel a profound reverence for these prehistoric grains
of Yellow River sand.

To understand today’s topography and landforms, even professionals in water conservancy would find it
hard to believe—without studying geological literature or conducting surveys and tests—that the Yellow River
once flowed from the higher loess terraces of Xingyang through the western and southern suburbs of Zhengzhou.
Yet this is an undeniable objective fact of the prehistoric evolution of the Yellow River in the Zhengzhou region.

The Geomorphology Laboratory of the Institute of Geography, Chinese Academy of Sciences, has long been
engaged in the study of fluvial geomorphology in the lower reaches of the Yellow River (esp. in the 1980s—
1990s). In the comprehensive research titled Fluvial Geomorphology of the Lower Yellow River (Science Press,
1990), Mr. Ye Qingchao provided an exceptionally valuable description:

The Xingyang and Guangwu regions feature an elongated depression within the Yellow River terrace surface, sloping
from the northwest Sishui River estuary toward the southeast and connecting with the plain in the form of a platform near
the outskirts of Zhengzhou. This depression is narrow in the west and widens toward the east, spanning approximately 15—
30 kilometers, with an elevation of 110-150 meters. The terrain of the depression is lower than the terrace surface south of
the Mangshan Mountains. Based on our field investigations, the characteristics of this depression landform likely indicate a
distributary channel of the ancient Yellow River during the Late Pleistocene... From a geological cross-section perspective,
the loess (@'s) in the depression zone has been completely eroded and replaced by accumulations of secondary loess-like
clayey sand. The middle part contains thick lenticular sand layers, which are actually fluvial sedimentary deposits, with a
total thickness of about 10-40 meters. Their base is in direct unconformable contact with the Middle Pleistocene strata.

Subsequently, driven by the uplift of the Taihang and Funiu Mountains during the late Late Pleistocene, the area was elevated,
forming the present-day landform of the terrace surface with an embedded depression zone.

This reasoned analysis was derived in the 1980s through geological and geomorphological surveys, the
study of borehole data around Zhengzhou, and research on the development of the Yellow River. When | worked
in Zhengzhou, | traveled extensively through its four suburban areas, studied geological and geomorphological
materials, and pored over historical records documenting the evolution of the Yellow River. | became deeply
convinced that distributaries of the Yellow River had once flowed through the western and southern suburbs.
However, my own field investigation experience was quite limited, and the borehole data | examined were also
far from comprehensive, so many questions remained unresolved. Moreover, historical documents could never
accurately record events from prehistoric times.

It was only through recent surveys and explorations conducted with a group of enthusiasts in Zhengzhou
that we have come to believe that a prehistoric distributary of the Yellow River did indeed exist in the western
part of Zhengzhou. This channel belonged to an ancient distributary of the Yellow River’s Ningzui alluvial fan
during the Late Pleistocene (approximately tens of thousands to 12,000 years ago). Compared to the Late
Pleistocene and Holocene distributaries of the Yellow River east of Guangwu low hills (commonly known as
Mangshan) in Zhengzhou—Ilater known as the Bianhe and Yinghe distributaries, which are widely recognized—
we tentatively refer to this newly identified one as the Western Guangwu low hills distributary. It roughly entered
through gaps in the loess ridges such as the ancient Sishui estuary and Niukou Valley, flowed through the
Xingyang-Guangwu depression, extended to the southern and northern suburban waterways of Zhengzhou,
traversed western Zhengzhou, Xinzheng, the Airport Zone, and southeastern Weishi, and eventually entered the
ancient Weishui River before merging into the Yinghe distributary system. Traces of this channel are reflected
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in hydrogeological profiles from 1960-1980 and engineering geological data from the 1990s—2000s. In recent
years, extensive urban construction and foundation work around Zhengzhou have also exposed related evidence,
though precise dating remained lacking.

With the planning of the South-to-North Water Diversion Middle Route Project, the implementation of
cultural heritage surveys and geological drilling, the construction of the inverted siphon under Guangwu low hills
crossing the Yellow River, as well as the marking, land acquisition, and relocation for the canal project, we
eagerly awaited, month after month, the day when large-scale excavation would finally unveil the prehistoric
face of the Yellow River.

Finally, in 2011, that day arrived. With the commencement of the excavation for the South-to-North Water
Diversion Middle Route canal, the project by May and June had fully cut across the Xingyang-Guangwu
depression zone, clearly exposing the stratigraphic layers deposited by the ancient river’s flow. We specifically
arranged boreholes at locations including Zhen Village, Dongda Village, Damiao, Sima, and Dashigu in
Xingyang, as well as Zhangwuzhai and Zhanmatun in the city’s outskirts. Through drilling and analyzing the
shallow sedimentary sequence within the Xingyang depression, and by sampling for dating and analysis, we
aimed to gain new insights into the sedimentary environment of each layer, the characteristics of the sand and
soil deposits, and the fluvial geomorphology of the prehistoric Yellow River distributary.
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Distribution Map of Late Pleistocene Yellow River Distributaries in the Zhengzhou Area.

If this topic is brought up abruptly to Zhengzhou locals—including experts in the field—the first doubt that
arises is this: the areas of Shangjie and Xingyang lie at a high elevation. With the towering Guangwu low hills
acting as a barrier, Xingyang is significantly higher than the Yellow River and the western suburbs of Zhengzhou.
How could Yellow River water possibly flow there? In Shangjie, the banks of the Sishui River stand about 20
meters above its riverbed—how could the Yellow River rise to such a level?

This is a misconception derived from applying modern topography to ancient times—a classic case of
“marking the boat to find the sword.” In prehistoric times, specifically before 30,000 years ago, the western part
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of Zhengzhou was overall lower relative to its present elevation. At that time, the Yellow River could easily pass
through gaps such as the Sishui outlet and certain valleys on Guangwu low hills at higher water levels—or even
at normal levels—and flow into the basin between Xingyang and Guangwu.

However, since around 30,000 years ago, and especially over the more than 10,000 years of the Holocene,
the western Zhengzhou region has experienced intermittent uplift. The Xingyang area in western Zhengzhou has
been relatively elevated by 30-40 meters. As a result, what was once a distributary that could flow freely at
average water levels gradually evolved: first, it could only flow during higher flood levels, then only during
exceptionally high floods, until eventually it could no longer enter at all. The once-active Yellow River
distributary transformed into an overflow channel, then a seasonal watercourse, and finally shriveled into a “blind
gut” disconnected from the Yellow River. The fundamental cause lies in tectonic uplift driven by the rising
Songshan and Jishan uplifts.

If we deduct this uplift of 40 or 30 meters and envision the Yellow River’s normal water level around that
time to be equivalent to about 130-140 meters above present sea level, it becomes clear that the river could indeed
have flowed through certain gaps in Guangwu low hills. From 30,000 to 12,000 years ago, the broad valley above
Taohuayu and the surrounding mountains, hills, and loess landforms were uplifted tectonically, while the Yellow
River channel incised downward to maintain its original longitudinal profile. As a result, high water levels could
no longer enter the Xingyang-Guangwu depression.

Simultaneously, the uplift of the Songshan mountainous area in southwestern Zhengzhou also “compressed”
and eventually cut off the southeastward flow path of the distributary. Around the east-west line of Zhengzhou
Airport, the most recent Holocene activity of the Xinzheng uplift created a watershed. Rainfall north of the
watershed in Xinzheng and the southern suburbs of Zhengzhou now flows northeast, while precipitation south of
the watershed follows the Weishui River southeast into the Yinghe distributary system. The phenomenon of water
from the western suburbs crossing through the Airport Zone and flowing southeast has completely disappeared.

Over the past 30,000 years, dramatic changes have taken place: surface water erosion and deposition,
windblown sand burial, and human cultivation gradually buried the prehistoric Yellow River distributary deep
underground—until it was brought back to light in 2011. Although we did not investigate the stratigraphic secrets
exposed by the canal excavation in the Airport Zone, it undoubtedly reveals the history of the great river sweeping
across southeastern Xinzheng and western Weishi, entering the Yinghe distributary zone, and undergoing cycles
of deposition, erosion, and redeposition. Otherwise, how could those strikingly regular, comb-like ridge and
valley landforms—so puzzling to observers—have been preserved?

People find it hard to believe that tectonic uplift could have such a significant effect, yet we engaged the
School of Urban and Environmental Sciences at Peking University to apply the most advanced optical
luminescence dating techniques. Their results once again confirmed that the western Zhengzhou region has
undergone an overall uplift of 20-40 meters over the past 30,000 years!

This is a slow, gradual process of geological and historical evolution. Based solely on simple field surveys,
it is already difficult to believe that a distributary of the Yellow River once flowed through this area. Yet, the
farmers in Xingyang and the western suburbs of Zhengzhou actually trust the stories passed down through
generations about the ancient Yellow River system flowing here. My own understanding wavered between
historical records and the accounts of elderly locals.

I hold a deep reverence for the belief that since the Paleolithic era, the ancestors who inhabited both banks
of the Yellow River—including those who lived across the vast Guangwu low hills and within the Xingyang-
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Guangwu depression—uwitnessed this long, extraordinary yet ordinary geological process. Regardless of their
migrations, shifts, rises, and declines across generations, they passed down the most commonplace hydrological
and geomorphic features of the land from one era to the next.

During the construction and evolution of the Late Pleistocene Yellow River alluvial fan in Zhengzhou, the
river served as the most critical hydrodynamic agent, supplying massive amounts of sediment. In addition to
contributing to the formation of the region’s basal secondary loess—ranging from over ten to more than thirty
meters thick—the Yellow River’s overflow also facilitated the development of a series of Late Pleistocene lakes
within its interdistributary depressions, floodplains, and channels. After the Yellow River ceased to enter the
western region in the Holocene, the local drainage system underwent reorganization under the influence of
tectonic activity and climatic conditions, forming band-shaped seasonal shallow lake-swamp clusters.

Based on our sampling and dating of fluvio-lacustrine strata at locations such as Zhangwuzhai, Zhen Village,
and Sima, the extent (and water levels) of these western lakes and swamps likely reached their maximum around
7,500-5,600 years before present. In the northern suburb of Dahecun and the eastern suburb of Putian Town, we
retrieved continuous lacustrine sediment cores measuring 4-8 meters in thickness. The natural information
contained within these cores is currently being extracted and may include lacustrine depositional sequences
dating back to the end of the Late Pleistocene.

Such details could never have been clearly documented in historical records. Even if fragmentary mentions
exist in ancient texts, they often elude the understanding of later scholars, though these texts may subtly hint at
natural mysteries. Under the constraints of tectonic movement and climatic shifts, and further influenced by
human cultivation and development, the lake-swamp clusters in western Zhengzhou gradually dried up and
disappeared by the mid-Holocene (around 4,000 years ago). The river drainage system in western Zhengzhou,
which had originally converged into seasonal lakes and swamps, began to redevelop on a new erosional base
level, gradually shaping the hydrological landscape seen today.

Due to the regional and persistent subsidence of the Kaifeng Depression, as well as the hydrological
connectivity provided by the Yellow River system, lakes and marshes in the eastern Zhengzhou area continued
to receive water supply into the middle to late historical periods (such as the Song and Yuan dynasties). Though
in a state of fragmentation, some of these water bodies persisted, occasionally appearing in the form of artificially
modified or managed ponds and reservoirs. As late as the 1950s, traces of ancient lakes and marshes could still
be observed on the surface in eastern and southern Zhengzhou. In the 1970s, the “Wuqi Cadre Schools” and
Educated Youth Farms were established in towns like Putian, situated within former lacustrine and wetland areas.

Fortunately, engineering geological surveys carried out for the development of eastern Zhengzhou’s new
urban zones have also extensively revealed features of the Holocene landforming processes and sedimentary
environments associated with the Yellow River’s influence.

Based on extensive geological drilling data, the distribution of Yellow River distributaries and lake-marsh
zones shows significant correlations in terms of developmental mechanisms, spatial extent, and temporal
continuity.

In both eastern and western Zhengzhou, we have established standard boreholes in an attempt to obtain
detailed natural information—such as fluvial and lacustrine systems, vegetation, climate, and sedimentation
since the Late Pleistocene—through refined testing and research. The goal is to investigate and reconstruct
the paleoenvironmental sequence of the Zhengzhou area. We believe this work holds meaningful
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implications for understanding Zhengzhou’s past—both natural and human—as well as for planning its
future development.

Guangwu low hills acted as a pivotal “midstream pillar’” amidst the vast, overflowing waters of the Yellow
River at the apex of its alluvial fan. It provided a protective barrier for the future human developmental space
of the Zhengzhou region, a contribution of unparalleled significance. From Guangwu low hills (stretching from
the Sishui River estuary to the Yellow River Scenic Area) to the urban area of Zhengzhou lies an ancient
cultural corridor with an exceptionally high density of Paleolithic and Neolithic cultural sites. This corridor is
situated on a “loess terrace between rivers,” flanked by the eastern and western distributaries of the ancient
Yellow River, traversed by the ancient Jishui River and other local waterways, and interconnected by rivers
and lakes.

Precisely due to the continuous uplift of the western and southern mountainous areas, the terrain in
southwestern Zhengzhou and the urban district remained relatively elevated. The western route of Yellow River
flow had already been cut off for nearly ten thousand years, leaving waters from the Songzhu hill and Mang hill
ranges to only follow the ancient Jishui channel eastward. Meanwhile, the eastern route of Yellow River overflow
hugged the ancient river-bend terraces, connecting the Xing Marsh and Putian Marsh, yet it posed little threat to
the later dense clusters of Neolithic settlements and the royal Shang city site. This setting proved highly suitable
for long-term settlement and developmental construction.

A geological contemporary of Guangwu low hills may well be Maling Ridge, located between Xinzheng,
Zhongmu, and Weishi. Thanks to the favor of nature, the people of Zhengzhou have been left with both a key
geological landmark and the remarkable comb-like landform spectacle in the southeastern region.

However, apart from droughts and floods, Zhengzhou also experienced ancient major earthquakes
(unrecorded in historical documents). Prior to the construction of the Yellow River crossing project,
archaeological surveys and protective excavations were conducted, revealing that Xue Village in Xingyang may
have been struck by a destructive earthquake over 3,000 years ago. According to archaeological departments,
suspected traces of ancient earthquakes have also been found in Dahecun on the southern bank of the Yellow
River, Shuanghuaishu in Gongyi, and Lianghu in the High-Tech Development Zone. All of these findings await
further exploration and verification.

Naturally, even devastating natural disasters were unable to extinguish the flame of civilization in the
Central Plains. It was precisely in this region, centered around Zhengzhou, that Huaxia civilization rose to
prominence.

Looking at the environmental evolution of ancient water systems in Zhengzhou, it can be said with certainty:
the ancient culture of Zhengzhou during the dawn of civilization was a typical river—lake culture, nurtured by
numerous waterways. The archaeology and environment of Zhengzhou bring together “pure” natural evolution,
cultural transformation, and human abstract thought into one intertwined narrative.
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Experts and scholars from the Nanjing Institute of Geography and Limnology conducting fieldwork and testing.
(Photographed by the author)
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About the Author

The author (center), photographed at the source of the Yellow River.

Xu Hailiang, born in 1944 in Wuxi, Jiangsu Province, is a professor-level senior engineer. He has served as
a member of the Water History Research Committee of the Chinese Hydraulic Engineering Society, Secretary-
General of the Disaster History Professional Committee of the China Disaster Prevention Association, and
Deputy Secretary-General of the Natural Disaster Prediction Professional Committee of the Chinese Geophysical
Society. His professional experience includes roles at the Disaster Reduction Center of the Ministry of Water
Resources (as a guest researcher), the Flood, Drought and Typhoon Prevention Headquarters of the Shunde
Municipal Government in Guangdong Province, North China University of Water Resources and Electric Power,
Zhengzhou Water Resources School in Henan Province, and the Water Resources Bureau of Shengiu County,
Henan Province.

He has long been engaged in research on Chinese water history, Yellow River history, flood and drought disasters,
and disaster history. He has contributed to several major national research projects, including conducting analyses
of typical hydro-meteorological disasters for the National Social Science Fund’s key project “The Impact of
Natural Disasters on the National Economy”, and completing the historical research component for the National
Natural Science Foundation’s major project “Environmental Evolution and Water-Sediment Dynamics in the
Yellow River Basin” (which received the First Prize of Natural Science from the Chinese Academy of Sciences).
He was also responsible for compiling the maps of Yellow River breaches during the Ming and Qing dynasties
for the National Social Science Fund’s major project “The National Historical Atlas Series”.

He has authored and published numerous papers and monographs in his field.
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