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sediment deposit are much larger than 
those of the contemporary Mississippi 
River, indicating that six to eight times 
as much water flowed downstream 
millions of years ago.

To explain why the Pliocene Missis-
sippi River was so much larger, either 
the rainfall or the lands that drain into 
the river must have been larger. Be-
cause there is no evidence of higher 
rainfall, we began to closely exam-
ine the alternative, that the area that 
drained into the Pliocene Mississippi 
River was much larger than the drain-
age basin today. We calculated that the 
Pliocene Mississippi River drainage 
basin was approximately 50 percent 
larger than the modern Mississippi 
River drainage basin (see figure at left). 
Since the Mississippi’s drainage basin 
cannot be expanded east or west be-
cause of the Appalachian and Rocky 
Mountains, the only choice we had 
was to explore the possibility that the 
preglacial Pliocene Mississippi River’s 
drainage basin extended well into 
south-central Canada.

The current south-flowing Missis-
sippi River drains the central United 
States, with headwaters in the Rocky 
Mountains in the West, the Appala-
chian Mountains in the East, and along 
the Canada–United States border to 
the north. Most of the water in south-
central Canada and portions of North 
Dakota and Minnesota flows north 
into the Red River, which in turn flows 
north into Lake Winnipeg. The north-
ward flow continues from Lake Win-
nipeg to the Nelson River, which then 
flows into Hudson Bay. Thus, this wa-
tershed juncture near the border of the 
midwestern United States and Canada 
divides the northward and southward 
flow of water in central North America.

The Land’s Postglacial Uplift 
We hypothesized that prior to the 
Pleistocene glaciation, during the 
Pliocene Epoch (5.3 to 2.6 million 
years ago), much of the ancestral Red 
River–Lake Winnipeg–Nelson River 
drainage system flowed south into the 
Mississippi River. Growth of the Ca-
nadian continental ice sheet pushed 
down the Earth’s crust at Hudson Bay 
and in south-central Canada, thereby 
causing the bedrock beneath the ice 
to slope north toward Hudson Bay 
where the ice had been thickest. As the 
ice sheet melted over the past 19,000 
years, the landscape still held its de-
pressed position, and the landscape 
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During the Pliocene Epoch millions of years ago, the mighty Mississippi River was even lon-
ger than it is now and carried more water to the Gulf region. Back then, areas of today’s Red 
River in North Dakota and Manitoba flowed southward into the Mississippi, discharging six 
to eight times more water and increasing this already massive watershed area by 50 percent 
(top). During the glacial cycles that followed, miles-thick Pleistocene ice sheets weighed 
down the land, switching the course of water in the region from south to north (bottom). As 
the land continues to rebound over thousands of years to its preglacial elevation, it will slope 
southward again, returning the Mississippi to its Pliocene might.
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of south-central Canada continued to 
slope northward toward Hudson Bay, 
because postglacial rebound was tak-
ing place more slowly than melting of 
the ice sheet. This rebound of Hudson 
Bay’s floor and south-central Canada 
continues today. So, sometime in the 
future—probably thousands of years 
from now—south-central Canada’s 
landscape will slope south again, and 
much of the Red River drainage sys-
tem will reverse its flow to go south 
into the Mississippi River, as it once 
did during the Pliocene. 

To test this hypothesis, we under-
took a topographic analysis of south-
central Canada. Underneath loose soil 
and sidewalks, the shape of the bed-
rock remains as it existed during the 
Pliocene, thus predating glaciation. 
We mapped the bedrock topography 
from the southern shore of the Hud-
son Bay into the North Central United 
States. Additionally, we mapped the 
bedrock topography along the floor 
of the Red River–Lake Winnipeg– 
Nelson River from the southern shore 
of Hudson Bay to North Dakota. We 
then used previous scientists’ esti-
mates of uplift in the region to exam-
ine the maximum height to which the 

landscape will ultimately rise along 
the southwestern margin of Hudson 
Bay. These remaining rebound values 
varied at the northern ends of the con-
structed bedrock profiles from 80 to 
120 meters, or roughly the height of 
the Statue of Liberty. 

Modern postglacial rebound in south-
ern Canada and the northern United 
States reveals a zero line along which 
rebound is already complete and so no 
rebound is occurring—approximately 
at the United States–Canada border in 
the region we studied. Next, we recon-

A NASA map of the flooded areas of the Red River in April 2020 shows the flat landscape 
around the Red River on the border between North Dakota and Minnesota.
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The Mississippi riverbed of the Pliocene Ep-
och 3.6 million years ago left a layer of sand 
and gravel sediment along its course bisect-
ing North America. Above that layer is silt, 
the Pleistocene windblown dust that buried 
the entire river system. Below it is a layer of 
marine sediments made up of clays and fine 
sands. This photo (right) taken in a quarry in 
Arlington, Tennessee, (above) shows two lay-
ers. Mapping the sand and gravel sediment 
revealed the course of the ancient Missis-
sippi and indicated how much more water 
was flowing through it during the Pliocene, 
prompting the authors to ask: Where did all 
that water come from?
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structed the preglacial landscape by 
mathematically raising the northern end 
of each bedrock profile by the amount of 
rebound still expected near Hudson Bay, 
while keeping the region about 1,500 ki-
lometers to the south fixed where the re-
bound uplift is essentially complete. In 

effect, we modeled the land surface piv-
oting about this zero-rebound line, like a 
board slowly being lifted upward at one 
end. When the remaining postglacial re-
bound is finished, south-central Canada 
will once again slope southward.

The reversal of slope we identified 
occurs 600 to 200 kilometers south of 
Hudson Bay. This line, which runs 
across northern Manitoba from the 
small community of Brochet to Island 
Lake, was locally the northern limit of 

the Pliocene Mississippi River drain-
age basin. Using shallow subsurface 
imaging techniques, André Pugin of the 
Geological Survey of Canada and his 
coauthors independently identified a 
part of the Mississippi’s Pliocene drain-
age system, the Hatfield-Spiritwood 

River, which flowed east from south-
eastern Alberta, across southern Sas-
katchewan into southwestern Manito-
ba, and south into North Dakota. This 
river system aligns with our interpreta-
tion of an expanded Pliocene Missis-
sippi River drainage basin, providing 
additional support for our hypothesis.

During the Pleistocene Epoch, 
Earth’s orbital changes caused up to 18 
glacial advances and melt retreats in 
Canada. During the early Pleistocene, 

glacial cycles lasted approximately 
41,000 years; over the epoch’s final 
1 million years, glacial cycles lasted 
approximately 100,000 years. The 
100,000-year glacial cycles consisted 
of 90,000 years of glacial growth and 
10,000 years of glacial melting dur-
ing interglacial periods. This history 
would imply that the reversal of flow 
on the Red River–Lake Winnipeg– 
Nelson River may have occurred dur-
ing previous interglacial periods of the 
Pleistocene. There is no indication that 
this reversal has happened. Therefore, 
we believe the 10,000-year interglacial 
periods are too short for sufficient up-
lift to have occurred between Pleis-
tocene glacial periods. So, the rate of 
uplift since the most recent ice sheet 
melted can be used to extrapolate the 
timeline for the complete rebound. We 
estimate that the Red River drainage 
system will reverse its flow 9,000 to 
13,000 years from now, assuming con-
tinental glaciation does not return.

This ongoing reduction in the north-
ward slope will thus reduce the Red 
River’s flow rate and cause greater 
and more frequent flooding. We esti-
mate that within approximately 9,000 
years, the Red River basin will evolve 
into a lake basin like Lake Winnipeg is 
today. When the slope of the Red River 
becomes southward, we postulate that 
the Red River Lake will expand and 
overflow into the Minnesota River, 
which enters the Mississippi River at 
St. Paul, Minnesota. At that time, flow 
on the Mississippi River will regain 
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The authors mapped the buried bedrock beneath the Red River system from Hudson Bay to 
North Dakota to trace how the land is still rebounding after the most recent ice age. As the 
land rises—by as much as 80 to 120 meters—the river’s northward slope is gradually flat-
tening. Within 9,000 to 13,000 years, that tilt will ultimately reverse the direction of flow in 
the Red River, slowing the water, amplifying floods, and transforming the North Dakota–
Minnesota basin into a vast lake akin to Lake Winnipeg. This lake’s waters will then spill into 
the Minnesota River, which joins with the Mississippi River at St. Paul, Minnesota.
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We estimate that the Red River drainage 
system will reverse its flow 9,000 to 

13,000 years from now, assuming 
continental glaciation does not return.
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drainage from south-central Canada 
and return to its Pliocene discharge.

The Key to the Future
If our Mississippi drainage evolution 
hypothesis is correct, then the Red 
River–Lake Winnipeg–southern Nel-
son River should currently be slow-
ly tilting southward. That is indeed 
the case. The northern and southern 
shorelines of Lake Winnipeg are mi-
grating south as the landscape tilts 
southward. Similarly, the northward 
gradient of the Red River is diminish-
ing as the landscape tilts south. Be-
cause of this ongoing southward tilt-
ing, the Red River drainage system’s 
northward gradient will continue to 
diminish and may ultimately reverse 
its flow. Whether or not flow rever-
sal ultimately occurs, flood frequency 
and flood magnitude along the Red 
River and its tributaries will increase 
through time as the river’s northward 
slope continues to diminish.

A fundamental principle of geol-
ogy is that the present is the key to the 
past. Here we show that the reverse 
can also be true: The past is the key 
to the future. The 3.6-million-year-old 

ancestral Mississippi River of the Plio-
cene predicts the future state of the 
Mississippi River.
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