Jökulhlaups of the Late Pleistocene and Early Holocene: Ocean
Drilling Evidence for Catastrophic Floods in Northwest North America
Jökulhlaup (Icelandic, Yo-kul-loop)
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Image courtesy of the University of Bristish Colombia, Earth and Ocean Sciences Department.
http://www.eos.ubc.ca/research/glaciology/research/IceDam.html

When an ice dam breached, torrents of water surged out of the draining
lake, creating a catastrophic flood. The floodwaters swept away soil and
rocks and bored into older and deeper rock, which created the deep canyons
that can be seen today in Oregon, Washington, and British Columbia.

Washington

10,000 B.P.

-10

-

46°

3

1

90

Glacial Lake
Missoula

Glacial advance and retreat in
British Columbia and Washington.

Flooding Event 120

4

Site 1038
Site 1037

Image courtesy of Dr. Brennan T. Jordan.
http://people.whitman.edu/~jordanbt/

The Camas Prairie Ripple Marks.
Image courtesy of NOVA.
http://www.pbs.org/wgbh/nova/megaflood/scablands.html

Whereas one catastrophic flood would be devastating, there is evidence of
multiple floods. Rhythmic lake deposits, created by the multiple flooding
and refilling stages of a glacial lake, can be seen in Burlingame Canyon. The
Camas Prairie Ripple Marks in western Montana look like long linear hills.
The ripples are as high as 35 feet and have a wavelength of several hundred feet.
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J. Harlen Bretz and Joseph Pardee, two early
geologists, recognized that the streams and
rivers found in these canyons were far too
small to have been responsible for creating
the chasms. Therefore, they concluded a
torrential flood produced the landforms.
Image courtesy of NOVA.
http://www.pbs.org/wgbh/nova/megaflood/scablands.html

Exposure of late Pleistocene jökulhlaup sediments
in the Fraser River valley north of Lillooet, British
Columbia. Large clasts of till (arrow) are
supported by a matrix of coarse gravel.
Image courtesy of Blais-Stevens et al. (2003).
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While the Glacial
Lake Missoula flood
cut through basalt,
the Glacial Lake Fraser
flood eroded through
granite. Hell’s Gate (left)
was created when the
floodwaters of Glacial
Lake Fraser reached
this narrow valley.
Image courtesy of Mark Collins.
http://www.roughwood.net/
Travels/Canada 1998.htm
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(a) Pleistocene pine pollen. (b-j) Redeposited spores and pollen typical of
Tertiary-aged rocks in the Fraser Lowlands. (k) Paleocene guide fossil.
(l) Upper Cretaceous indicator pollen.

In addition to the palynological data, Verosub et al. (2001) studied the magnetic properties of Hole 1033B.
They observed that the late Pleistocene gray, silty clay layers (below the level of the core photo at left) have
an intensity of magnetization that is one to two orders of magnitude greater than that of the Holocene laminated material. In other places, such as Iceland, sediment derived directly
from glacial material is also much more strongly magnetized than postglacial sediment. The higher intensity is perhaps due to the ability of
glaciers to contribute freshly eroded, unweathered magnetite grains to the sediment load. The high magnetic intensity peak of the early
Holocene gray, silty clay layer (left) suggests that this layer was derived directly from a glacier and thus supports the conclusion of
Escanaba Trough
Blais-Stevens et al. (2003) that the layer was deposited in a jökulhlaup event.
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Image courtesy of Blais-Stevens et al. (2003).
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Escanaba Trough
Core drilled at Hole 1037B contains many different lithologies.
A portion of the unit of interest can be seen in the core
composite to the right. This unit, 1.68–120.63 mbsf, contains a
sequence of dark gray sand ‘megaturbidite beds’ that fine and
thin upward as the core becomes shallower (Zuffa et al. ,
2000). Above these beds, an additional ten distinct
‘megaturbidite beds’ can be seen that fine upward from very
fine grained sand to silt and clay (Zuffa et al., 2000). After
calculating the volume and age of the upper sequence of the
‘megaturbidite beds,’ Zuffa et al. (2000) determined that they
were deposited rapidly (less than 5,000 years). Furthermore,
Zuffa et al. (2000) suggest that this could be indicative of
jökulhlaups originating in the Pacific Northwest.
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Based on Zuffa et al.’s (1997) petrological studies for Holes
1037B (right) and 1038I (far right), the upper part of the
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section can be associated with the petrofacies of the
Columbia River lowlands. In 1973, Vallier et al. concluded that
Image courtesy of Zuffa et al. (2000).
the petrofacies at Site 35 were also similar to those of the
Columbia River drainage basin. Such findings suggest that the sediment deposited at this site was continental in origin, but was not from
the Klamath River in northern California. Furthermore, an oceanic source, such as the Mendocino Fracture Zone, was also ruled out due to
considerable amounts of felsitic minerals.
334.5

Site 1034
Site 1033

60

(j)

287.0

PRESENT

Sea Level

60

(i)

279.0

48°

50

(h)

263.0

10,000 B.P.

(g)

189.9

Saanich Inlet
Site 1034
Site 1033

40

(f)

141.8

40

(e)

77.2

20,000 B.P.

(d)

45.7

30

While the laminated beds above this zone contain marine microfossils, the gray silty clay bed contains
freshwater diatoms and silicoflagellates. Southern Vancouver Island lacks Paleocene and Eocene aged rocks,
but rocks of this age are found in the interior of British Columbia. Samples analyzed from the Saanich Inlet
also contain fossilized pollen and spores (left) that are of Paleocene to Pleistocene age. Some of the sampled
pollen is very similar to that seen in the Fraser Lowland. These microfossils (right) most likely originated in
the Fraser Lowland, which means that they traveled a great distance. It is believed that only a very large
outflow, such as a glacial lake flood, from a continental source could have deposited such fossils at this
location.
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Blais-Stevens et al. (2003) suggested that the gray, silty clay bed seen to the left (base at ~120 cm in
Section 5) is a distal deposit of an enormous jökulhlaup, which was caused by the catastrophic draining of a
glacial lake in British Columbia during the early Holocene. This bed is approximately 30 cm thick and
contains no macroscopic structures, but it is normally graded. After an analysis of the silty clay bed,
Blais-Stevens et al. (2003) determined that bed was dominated by illite-muscovite, a mineral that is
abundant in modern Fraser River sediments. Such findings suggest that the sediment of this silty clay bed
most likely originated more than 200 km away along the Fraser River.
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Ice, being less dense than water, will float if adequate water is available. Once
the ice dam reached its critical buoyancy level, water escaped and the flood
began. Subsequently, the breach in the dam allowed the rushing water to
break the dam into pieces.
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Glacial lakes, such as Glacial Lake Missoula, Glacial Lake Fraser, and Glacial Lake
Deadman, formed in much of the newly thawed northwest. Hundreds of cubic
miles of water were stored behind the ice dams.
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During the onset of the Holocene, the planet began warming (approximately
12,000–10,000 years ago). The rise in global temperature caused glaciers and
massive continental ice sheets to melt slowly. Over time, the melt waters were
trapped by ice dams, which created glacial lakes.

Evidence of these catastrophic flooding events is found in the deep sediment cores from Legs 169S and 169. The sediment cored at Saanich Inlet contains lithologic, palynological
(the study of pollen and spores), and magnetic data. In addition, the cores from the Escanaba Trough contain lithologic and petrographic data that indicate similar, but separate
flooding events.
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Our planet has experienced changes in its climate for millions of years. The
Pleistocene epoch was marked by repeated glacial events for approximately
1.8 million years. Roughly 12,000 years ago, the last major Ice Age ended.
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Saanich Inlet core is a composite from Leg 169S - Site 1033 - Hole B - Core 6H - Sections 4, 5, and 6.
Escanaba Trough core is a composite from Leg 169 - Site 1037 - Hole B - Cores 3H and 7H.
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(Jökull = ice, hlaup = flood) A large, catastrophic
outburst flood that emanated from a glacier or
glacial lake.

Late Pleistocene and Early Holocene Glacial Lakes, Drainage Basins, and ODP Drill Sites Containing Glacial Flood Deposits
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Conclusion
Jökulhlaups occurred repeatedly during the late Pleistocene and early Holocene, as seen in the data collected from the cores drilled at the
Saanich Inlet and the Escanaba Trough. Compared with land-based glacial geologic records, which suffer from repeated erosional events,
marine sedimentary sequences may contain more complete records of jökulhlaups throughout the Pliocene–Pleistocene.
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