BY FRED J. ANDERSON

When one is out and about in downtown Fargo, enjoying
the exciting variety of local shops, restaurants, and
entertainment options, it's easy to overlook that at one
time this area was covered by the southern reach of an
expansive* glacial lake. This lake, glacial Lake Agassiz, was
present at its southernmost extent in southeastern North
Dakota around 11,000 years ago. The lake left behind a
thin blanket of offshore silts and clays that overlie clayey
subglacial sediments (commonly referred to as glacial till or
sometimes boulder clay) emplaced by repeated glacial ice
advances (as many as seven) occurring across the region (fig.
1) during the Pleistocene or what we may more commonly
refer to as the ice age.

Beneath this blanket of glacial sediments lay localized
remnants of Cretaceous age shale that cover the underlying

Precambrian basement (dominantly granitic rocks) when
this area was occupied by a large inland sea known as the
Cretaceous interior seaway. Most of the upper surface of
Precambrian rocks has been weathered into a grayish-white
kaolinitic clay, as recorded in numerous drilling records and
rock cores collected in this area.

* For a brief discussion of the extent of glacial Lake Agassiz
and some of the landforms left behind, refer to the July 2022
Geo Newsarticle: Icebergs in North Dakota and the Curious
Ice Drag Markings of Glacial Lake Agassiz, p. 1-4.
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FIGURE 1. Generalized stratigraphy of geologic units beneath the City of Fargo, North Dakota. Precambrian granitic rocks are overlain
nonconformably by Cretaceous age shales in some locations. In others, the basement is directly overlain unconformably by glacial
deposits. Pleistocene subglacial units unconformably overlie bedrock shale and may be separated into as many as five different units
representing different glacial ice advances over the area. Silts and clays of the Sherack and Brenna Formations overlie the subglacial tills
and were deposited in the offshore environments of glacial Lake Agassiz. Glaciofluvial sediments of the West Fargo Member of the Poplar
River Formation incised into the former lake floor comprised of Brenna Formation clays, later covered by the Sherack Formation. Formal
stratigraphic names are labeled on their respective units as described in Harris and others (2020).
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ICE-THRUST “MOUNTAINS” OF CENTRAL NORTH DAKOTA

BY BENJAMIN YORK

This is the first of many North Dakota Geological Survey Geo
News articles that will cover different glacial landforms from
across the state. Some will address specific locations, while
others will focus on larger glacial-related mechanics.

In the last newsletter, | discussed the formation of the
Turtle Mountains on the North Dakota—Canada border
(York, 2026). This article examines most of the remaining
“mountains” in North Dakota. Every "mountain” in North
Dakota has its origin tied to the recent Wisconsin glaciation
episode, except for the Killdeer and Turtle Mountains. The
Killdeer and Turtle Mountains both began as erosional
outliers that resembled mesas. However, the most recent
glaciation buried the original bedrock of the Turtle Mountains
(York, 2026). The remaining mountains in the state have one
thing in common: they are the product of the glaciotectonic
process of ice thrusting.
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Three main types of glaciotectonic ice-thrust mechanics
are identified in North Dakota: "1) roughly equidimensional
hills containing thrust masses located down-glacier from a
source depression of similar size and shape (hill-hole pairs);
2) transverse or imbricate ridges above overturned folds or
at the ends of thrust slabs; and 3) irregular, complex thrust
forms” (Bluemle, 1992).

The first type, hill-hole pairs, as the term implies, consists
of an often isolated "hill” made of material crumpled and
thrust by either the edge or base (near the edge) of the
advancing glacier. The source of this material, the "hole,” is
a depression up-glacier from the hill that normally contains
a lake. Because the hill and hole are normally the same size
and shape, the pairs can be reliably identified. One of the
most notable hill-hole pairs in North Dakota is near the
town of Anamoose in McHenry County (fig. 1). In this case, a

FIGURE 1. (A) Aerial
photograph of a hill-hole
pair just outside Anamoose,
North Dakota, in McHenry
County. The depression, now
occupied by Steele Lake, is
roughly the same size as the
adjacent elevated terrain
(Photograph looking to the
south by Anderson, NDGS
2005). (B) Corresponding
view using a 2x vertically
exaggerated QL2 LiDAR
(flown in 2020) hillshade;
linear eskers in the upper left
are more clearly visible in the
hillshade.



single block of material was moved to the southeast, leaving
behind a depression that is now occupied by Steele Lake.
When glaciotectonics was first studied in North Dakota in
the 1960s, this type of ice thrusting was briefly called an
"anamoose,” but grammatical issues ultimately prevented
its adoption (Bluemle, 1979). “Mountains” of this type
include Devils Lake Mountain in southern Ramsey County
(fig. 2) and Blue Mountain in Nelson County (fig. 3). Both are
associated with the complex of ice thrusts that created the
large depression that is now occupied by Devils Lake and
Stump Lake (Bluemle, 1992).

The second type of ice thrust, rather than transplanting
material and leaving a depression, shoves material into
transverse ridges formed as overturned folds or imbricated
thrust slabs (Bluemle, 1992). This type tends to be oblong
compared to the hill-hole ice thrust. Its long axis, parallel
to the ice margin and a mile or more in length, consists of
multiple smaller ridges. The altered material is typically 90
to 300 feet thick and dips up-glacier between 30 and 80
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degrees (Clayton and others, 1980). The material is generally
older glacial sediment beneath the glacier that has been
reworked; however, because there was no preexisting
bedding, these structures are not well preserved. The best-
preserved transverse ridge ice-thrusts consist of lake or river
sediment of Pleistocene age, along with some Cretaceous or
Paleocene rock. The Prophets Mountains, one of the largest
ice-thrust complexes in the state, in western Sheridan County
are a well-preserved example of this type of ice thrust (fig. 4).
Although they are composed mostly of imbricated glacial till,
contorted Cretaceous sandstone and Paleocene sandstone
and shale are exposed in roadcuts. These formations are
roughly 300 feet higher than those identified in nearby test
holes (Bluemle, 1992).

The third type of ice thrust is a combination of the previous
two types and consists of irregularly distributed hills, ridges,
and depressions. Terrain is highly variable, and the associated
depressions created by material accumulation are difficult to
identify.

FIGURE 2. One-meter digital
elevation model draped over
a 2x vertically exaggerated
one-meter LiDAR (flown in
2021) hillshade of Devils Lake
Mountain in southeastern
Ramsey County, just south of
Devils Lake. There is nearly a
200-foot elevation difference
between the "hole” lake

to the northwest and the
summit of the Devils Lake
Mountain "hill.” Some of the
material may have originated
from excavation associated
Legend with the formation of Devils
Lake.

== Devils Lake Mountain "Hill"
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FIGURE 3. Partially
transparent 2024 USDA NAIP
imagery over a 2x vertically
exaggerated QL2 LiDAR
(flown in 2020) hillshade of
Blue Mountain and the lake
to the north. The "hole,” now
partially filled by a small
lake, is a broad, shallow
depression. Devils Lake
Mountain and Blue Mountain
exhibit a corresponding hill-
hole pairing aligned along a
northwest-southeast trend.
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FIGURE 4. (A) One-meter
LiDAR (flown in 2020)
hillshade at 2x vertically
exaggeration of the Prophets
Mountains in western
Sheridan County. This is a
well-preserved example of
imbricated ridges oriented
parallel to the glacial margin
and perpendicular to ice
movement. (B) Low-angle
aerial photograph, looking
west from the black point

in Figure 4a, highlighting
the relatively regular
150-200-foot spacing

of the transverse ridges
(Photograph by NDGS).

Ice thrusts in North Dakota were initially identified by aerial
photographs and later confirmed with drill hole data showing
that Pleistocene sediment, or Paleocene and Cretaceous rock
overlain by glacial till, exhibited folding or displacement.
Later, it was deduced that ice thrusting primarily occurred
when certain hydrogeologic and hydrologic conditions
were met (Clayton, 1977). Glacial movement opposite
to northeastward regional drainage, combined with the
immense weight of the ice on local aquifers, resulted in
elevated pore pressure (Bluemle and Clayton, 2006). A large
volume of groundwater accumulated at the margin of the
glacier as it melted. Coupled with the extreme weight of
the ice, this groundwater forced sediment and rock upward
in order to release pressure in the confined aquifer. Water
would escape during pressure release, often lubricating the
material and allowing the mass to move a short distance.
The escaping water would also sometimes form eskers at
the down-glacier end of the thrusted body of material (fig.1)
(Clayton, 1977).

The hill-hole pairs near Anamoose, Devils Lake Mountain,
Blue Mountain, and the Prophets Mountains are just a few
examples of the nearly 200 ice-thrust features identified in
Clayton and Others' 1980 Geologic Map of North Dakota;
many more likely remain undocumented without extensive
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drilling. Additional ice-thrust features occur primarily along
the Missouri Coteau and south of Devils Lake. When traveling
through the glaciated region of central North Dakota, keep
an eye out for large out-of-place hills, which are likely ice-
thrust features and serve as reminders of the immense
weight of ice that once covered the region.
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