1. The Midcontinent Rift:
An attempt at continental separation

Tettegouche
State Park

About 1,110 million years ago, the North American continent ruptured
and began to separate along a 2,000 kilometer-long, arc-shaped path
through what is now the Lake Superior area. Continental rifting has
been a common process throughout geologic time and typically leads to
complete continental separation and the creation of new oceans. The
Atlantic Ocean formed in this way.

WHY ISN'T TETTEGOUCHE A SEASIDE PARK?

Although continental rifting typically leads to the formation of ocean basins,
the Midcontinent Rift failed to separate completely. Collision of the crustal
plates containing North and South America prevented the rift from widening.
Thus, Wisconsin is an adjacent state, rather than an overseas country.

Cross-section of earth's crust
showing collision of continents.

Position of continents about
900 million years ago
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2. Lava flows fill the rift
1,110 to 1,086 Million Years Ago
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During the first 20 million years of the Midcontinent Rift's history,
layer after layer of lava was erupted into the ever-widening rift
valley. By the time volcanic activity and crustal separation ended
about 1086 million years ago, hardened lavas had accumulated to a
thickness of 20 kilometers (12.5 miles) in the Lake Superior area.
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WHY |S LAKE SUPERIOR HERE?

The answer to this basic question lies in a story of fiery volcanic eruptions
and the incredible erosive power of mile-thick glaciers.

3. Sediment fills the rift
1,086 to about 1,000 Million Years Ago

After volcanic activity and crustal separation stopped, the dense
lavas caused the rift valley to continue to sag. Sediment (sand,
gravel, and silt) washed in to fill the valley and ultimately buried the
lavas beneath many kilometers of sandstone.

4. Glaciers scour the lake basin
2,000,000 to 12,000 Years Ago

Glacier

Sandstone

During the Ice Age, which began about 2 million years ago, huge
continental glaciers repeatedly advanced into the Great Lakes region and
sculptured the landscape. It was easier for glaciers to scour out the soft
sandstone within the rift, than the hard crystalline volcanic rocks on the rift
flanks.

5. Glacial meltwater fills the basin
12,000 Years Ago to Present-day

Glacial lake

When the last of the great ice sheets melted from the western part of the newly
excavated basin about 12,000 years ago, glacial meltwaters filled the lake. At
its fullest, the lake level was about 500 feet (150 meters) higher than today.
When the ice finally melted from the eastern part of the basin about 2,000
years later, the backed-up water quickly drained to the lower Great Lakes and
lake levels dropped to 200 feet (60 meters) below the present level.? With the
enormous weight of the glaciers gone, the eastern part of the basin has been
slowly rising over the past 10,000 years, causing the lake level to gradually rise.

This is a product of the Minnesota Geological Survey, but has not
been thoroughly edited and reviewed to conform with MGS publication standards.
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6. The picture today
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As you can see, the answer to the question of why Lake Superior is here lies in
the ancient story of volcanic eruptions (FIRE) and the more geologically recent
actions of glaciers (ICE). The erosive power of the glaciers has exhumed the
long-buried Midcontinent Rift in such a way that the shape and size of
present-day Lake Superior resembles the form of the billion-year old rift basin?.
It will take many millions of years before Lake Superior fills with sediment and
buries the rift once more.

Lake Superior
Vital Statistics

Area: 31,700 mi2 / 82,100 km?2

Volume: 2,900 mi3/ 12,100 kms3
Elevation: 600 ft / 183 m above sea level
Average Depth: 483 ft / 147 m

Max. Depth: 1,332 ft / 406 m

Length: 350 mi / 563 km

Breadth: 160 mi /257 km

Age:12,000 years since last filled with ice.
Current level: about 5,000 years?




Lava and Magma---What's the Difference?

Lava - magma that erupts at
the earth's surface

Magma - Molten rock formed by
partial melting of the earth's
crust or mantle

Where Do Magmas Come From?
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During continental rifting, basaltic magma forms by partially melting the earth's upper mantle,
some 25-65 miles (40-100 kilometers) below the surface. Most of these hot magmas intrude
through the crust along fractures, ultimately erupting as very fluid lavas at the surface.

However, some of the intruding magmas accumulate at different levels of the crust, especially at
the crust-mantle boundary. These intrusions of hot magma cause the surrounding crust to melt,
forming a rhyolitic magma. Because of their different composition (higher in silica), lower
temperature, and higher gas content, rhyolitic lavas erupt, flow and solidify in a very different
manner than basaltic lavas.

Composition:

Eruption
temperature:

Gas content:

Modern-day
examples:

Composition:

Eruption
temperature:

Gas content:

Modern-day
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VOLCANIC ROCKS ON THE NORTH SHORE: BASALT AND RHYOLITE

When the North American continent ruptured along the Midcontinent Rift about about one billion years ago, layer upon layer of lava accumulated in the area now occupied by Lake
Superior. Most of the lava that erupted into the rift was of a type that solidified to form a dark volcanic rock called BASALT (ba-salt'). However, some of the lavas were of a very
different type that solidfied to a light pinkish-colored rock called RHYOLITE (rhy'-o-lite). Rhyolite is particularly well displayed in Tettegouche State Park, forming Palisade Head and
the cliffs at the mouth of the Baptism River, which you see before you, as well as Shovel Point and the High Falls of the Baptism River. Then as today, rhyolite and basalt formed from
lavas that were very different in origin, composition, temperature, and gas content. These differences strongly affected the distinctive ways that rhyolitic and basaltic lavas erupted,
flowed, and solidified into solid rock, as shown below.

Rhyolite

Rich in silica (quartz)

900 -1100°C

Moderate to High

No examples in active rift setting

Basalt

Lower in silica, rich in
iron, magnesium, and calcium

1100* - 1250° C

Low

Hawaii and Iceland
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Explosion

Rhyolitic lava commonly erupts in great explosions from
a central vent. Some of the lava flows away from the
vent; however, much of the lava is broken into pieces
that are propelled into the air to form billowing clouds of
volcanic ash.

Lava "fountains”
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Basaltic lava typically erupts by "fountaining” out of
central vents or long cracks. Although not explosive like
rhyolitic eruptions, basaltic eruptions may shoot lava
hundreds of feet into the air. Gas escapes from basaltic
lava by gradually bubbling out of the lava to create a
frothy flow top.

COOLING and
SOLIDIFICATION

FLOW

Lava and ash cools and
compacts to form

Lava and ash spread out | solid rock
Because of initially high temperatures and gas Lava flows cool and solidify inward from their tops
content, rhyolitic lava and ash spread out miles away and bottoms by conducting heat to the air and
from the vent. As hot ash moves, it becomes surface below. Rhyolite lava flows cool and
compacted (or welded) together and may remelt to crystallize to a very fine interlocking mosaic of light
form a lava flow. As the lava cools and trapped gas colored minerals like quartz and feldspar. In
escapes, the rhyolitic lava quickly becomes very contrast, an ashy rhyolite flow hardens by fusing and
viscous (sticky). slows its rate of flow, and grows in compaction of ash fragments.
thickness.
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Because basaltic lava is hotter and less silica rich than Basaltic lavas solidify to a fine-grained, interlocking
rhyolitic lava, it is very fluid and spreads rapidly away texture made of dark minerals. Flow tops are
from vent areas. Some individual basaltic lava flows ropy-looking (Hawaiian term "pahoehoe"), or very

in the Lake Superior region can be traced for a broken ("aa"). Upper parts of flows look frothy and
distance of over 100 miles (160 kilometers) were formed by gas bubbles trapped beneath solid flow
surface.

BURIAL and FLOW TOP
MINERALIZATION

Basalt

Rhyolite
Mineral-rich water
percolates through cracks

Rhyolitic lava eruptions were singular events always
preceeded and followed by basaltic eruptions. Soon
after burial, mineral-rich waters (blue arrows) percolated
through the warm but hardened lava and deposited
minerals such as agate, calcite, and zeolite in cracks
and cavities. Such open spaces are particularly
abundant in the upper uncompacted, fragmental part of
the rhyolite flow.

Frothy flow tops fill with
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Mineral-rich solutions also deposited various types of
minerals in the the small gas cavities that became
entrapped in the upper parts of basalt flows. One can
easily distinguish basaltic lava flows by looking for sharp
breaks between frothy upper parts of flows dotted by
abundant light-colored minerals and massive dark rock
of an overlying flow.

RHYOLITE

This is a product of the Minnesota Geological Survey, but has not
been thoroughly edited and reviewed to conform with MGS publication standards.

Authors: James D. Miller, Jr., and Mark A. Jirsa (MGS), and Phillip Leversedge (DNR)

Rhyolite and Basalt in Tettegouche State Park
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This geologic map shows different types of rock that are exposed in and around Tettegouche State
Park. Rhyolite (pink) can be best viewed at Palisade Head, the mouth of the Baptism River, the High

Falls, and at Shovel Point.



THE ROCK COLUMNS OF SHOVEL POINT

The steep rock columns that make Shovel Point one of the most recognizable landmarks on the North Shore, and a rock

climber's dream, formed over one billion years ago during cooling of a very thick rhyolite lava flow.The columns are defined
by parallel sets of fractures called columnar joints.

COOLING, CRYSTALLIZATION, AND CONTRACTION OF LAVA

As rhyolitic lava cools from its
original eruption temperature of
about 1100°C (2000°F), small
minerals begin to crystallize.

FORMATION OF COLUMNAR JOINTS
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A tabular-shaped lava flow cools
inward from its top surface (losing
heat to the air) and from its base
(losing heat into earlier formed lava
flows).

At about 900°C, the lava is
completely solidified into a network
of interlocking crystals.
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Joints begin at fracture points near
the early cooled top and bottom of
the flow. They grow vertically into
the interior of the flow as cooling
continues.

Fractures

As the still very hot rock continues to
cool, it contracts (shrinks). The
tension caused by this contraction is
relieved by fracturing.

Fracture growth from points

Joints also grow horizontally away from
fracture points, ideally in three
equal-angled directions (shown by
arrows above). The intersection of
many three-armed cracks defines the
polygonal shape of the columns.

Erosion, most recently by glaciers, has removed the
upper part of the rhyolite flow forming Shovel Point and
has exposed its columnar-jointed interior. Freezing and
thawing of water in the joints has been slowly prying the
rock columns away from the steep cliff, sending them
crashing into Lake Superior.

CLIFF FACE OF SHOVEL POINT

This is a product of the Minnesota Geological Survey, but has not
been thoroughly edited and reviewed to conform with MGS publication standards.
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THE RUGGED LANDSCAPE OF TETTEGOUCHE

From this vantage point, the exceptionally rugged land surface of this part of the North Shore is apparent. This high relief is due
to the large concentration of intrusive igneous rock and the contrasting erodability of this rock and the two main types of volcanic
rock - basalt and rhyolite. Although the igneous activity that produced the rocks occurred about 1,100 million years ago during
the formation of the Midcontinent Rift, sculpting of the present-day landscape was largely accomplished over the past 2 million
years by glacial erosion. In a glacial environment, erosion is largely accomplished by abrasive action of sediment-laden ice and
by the prying action of freezing and thawing of water in the cracks of rocks. Rocks that contain the softest minerals and are the
most fractured will be the easiest to erode. Basalt fits this criteria and therefore is the rock type usually found in low areas.
Rhyolite tends to be strongly fractured, but it contains abundant quartz, a fairly hard mineral. Intrusive rocks in this area contain
similar minerals to those in basalt, but they are much less fractured. Consequently, intrusive rocks and rhyolite hold up most of

the high ground and form the most prominent points on the shoreline (see map below).

Geology and Topography of the Tettegouche State Park Area
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This image of the geology superimposed on a shaded computer image of land
surface topography (illuminated from the northwest) shows the relationship
between rock type and erodability. Note that most of the high ground is held up
by intrusive rocks and rhyolite; whereas, the low areas are underlain by basalt.

This is a product of the Minnesota Geological Survey, but has not
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Intrusive rocks of the Beaver Bay Complex

During formation of the Midcontinent Rift, magmas were formed by melting of the earth's mantle and lower
continental crust. These magmas were repeatedly intruded through the broken crust and erupted at the
surface to solidify as basalt and rhyolite lava flows. Magmas gained access to the surface by displacing
large, buried blocks of lava flows. Magma that remained at depth eventually cooled and solidified to form
igneous intrusions. Although the magma in the intrusions was the same as that which formed basalt and
rhyolite lava flows, the insulating effects of the earth's crust caused the intruded magma to cool and solidify
slowly and thereby produce a rock with large crystals. The intrusive rock equivalent of a basalt is called
gabbro (ga'-bro) and the intrusive rock formed from a rhyolitic magma is called granite. The large
concentration of intrusions in the Tettegouche area consists mainly of gabbro, colored brown on the map at
right and the drawing below. They are part of a group of intrusions known as the Beaver Bay Complex that
are exposed in the area from Split Rock Lighthouse to Grand Marais.
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The gabbro intrusions in the Tettegouche area probably acted as magma feeders to higher
lava flows that have been eroded away over the past 1,100 million years, shown by the dashed
lines above. Tilting of the originally horizontal lava flows (shown by arrows, on geologic map at
right) was caused by emplacement of the intrusions and the "shouldering" aside of large lava
blocks.



THE RUGGED SHORELINE OF TETTEGOUCHE
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Differential erosion along the shoreline

Looking along the shoreline below, differences in erodability within individual lava flows
are apparent. These differences are due to the way that lava flows solidify and release Eroded, frothy

gas. Within a spreading sheet of lava, gas bubbles are released and percolate up Massive flow flow top
through the hot fluid interior of the flow. The gas bubbles are trapped within the upper interior /
cooling and rapidly solidifying part of the flow. The hardened flow tops may also \

become broken as the lava within the flow continues to move, thus creating a surface of '

volcanic rubble. During later erosion of the lava flows, freezing and thawing of water in
the more porous, pitted and rubbly flow top accelerates the erosion of flow tops
(recessed shoreline) relative to that of the massive flow interiors (shoreline projections).

The contrast in erodability is evident in the photograph below taken of the shoreline.
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Line approximates the shoreline as viewed from overhead, or on a map
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