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Abstract

Background

Lake Superior has undergone a number of lake level phases that have resulted in the
formation of beach ridges. One beach ridge that corresponds with the Nipissing phase of Lake
Superior is located 0.5 km inland from the present southern Lake Superior shore within the
Huron Mountains, MI. Two parallel, low frequency ground penetrating radar (GPR) transects
were collected over the ridge to better understand the subsurface stratigraphy. The transects
were collected using a pulseEKKO 100 GPR system with 50, 100, and 200 MHz antennae, 1000V
transmitter, with varying antennae separation and step size. The first transect was 100 long
while the second transect (30m to the east) was 64 meters long. A common midpoint survey
was used to calculate the near surface velocity of the sediment. Topographic data was
collected using a Topcon RL-H3CL laser level to geometrically correct the profile for changes.
The low frequency antennae allow for greater depth of penetration and can highlight
dominate bedding patterns. Depths of penetration ranges from > 30 m for 50 MHz antennae
to > 10 m for the 200 MHz. Preliminary results indicate that lakeward dipping reflections on
top of horizontal to subhorizontal reflection patterns which indicate an aggradational and
progradational coastal environment.

Study Area
Two GPR transects were collected within the Huron Mountains of Michigan’s Upper Peninsula,
along Lake Superior’s southern shoreline (Figure 1). The beach ridge under study corresponds
with the Nipissing phase of the Great Lakes, which occurred roughly 4,500 ky BP (Johnston et al.,
2014; Figure 2). A well log, located approximately 2 km away from the study area, shows that the
area is dominated primarily by sand (Michigan Department of Environmental Quality, 2007)
(Table 1 and Figure 3). The Nipissing beach ridge is located approximately 600 m inland from the
current shoreline. A strandplain, a formation of successive beach ridges indicating previous lake
levels, exists between the Nipissing ridge and the current shoreline (Otvos, 1999). The landscape
exhibits not only coastal, but aelion activity as well, as dune formation is common within the
study area (Thompson and Baedke, 1995).
Figure 1. Map showing the study area at multiple scales.
The study area is located within the Huron Mountains in
the Upper Peninsula of Michigan and is part of a
strandplain, a strandplain a formation of successive
beach ridges indicating previous lake levels (Otvos,
1999). The largest scale map shows the Nipissing phase
beach ridge as the feature with highest elevation on the
map.
Formation Description

Thickness (m)

Depth to Bottom (m)

Sand

12.19

12.19

Sand Silty

3.048

15.24

Gravel and Sand Coarse

3.048

18.29

Red Sandstone White

57.30

75.59

Table 1. Well log data from a well located approximately
2 km northwest of the study area (Michigan
Department of Environmental Quality, 2007).

Figure 2. Graph of lake level phases and corresponding elevations from the Nipissing phase to the Sub-Sault phase
(Johnston et al., 2014). The Nipissing phase corresponds with the large, dominant beach ridge that is examined in
this study (Loope et al., 2015).

Well

Figure 3. Aerial image showing the study area.
The green box outlines the location of the two
collected transects in the southeast quadrant
of the map. The blue point in the northwest
quadrant of the map shows the location of the
well from which the well log was used. The
distance between the two locations is
approximately 2 km. It is possible to make out
the strandplain within the orange box
appearing as a series of horizontal lines,
parallel to the current shoreline of Lake
Superior.

Glacial, coastal, and aeolian processes
have had a large effect on the Upper
Peninsula (Johnston et al., 2014) Most
recently, this landscape has been
affected by the numerous phases of the
Great Lakes coinciding with the effects
of glacial isostatic adjustment and a
changing climate. Glacial isostatic
adjustment is the upward movement of
the earth’s crust, after the recession of
the Laurentide Ice Sheet (Johnston et
al., 2014). This study examines the
Nipissing phase beach ridge. The
Nipissing phase refers to the highest
documented lake level phase in the last
5000 years (Johnston et al., 2014).
Beach ridges form as a result of
depositional transgression sequences
and nearshore deposits leading to a
positive supply of sediment landward
(Thompson and Baedke, 1995; Figure
4). If these beach ridges become
vegetated they can assist the formation
of aeolian dunes by catching entrained
sediments (Bristow and Pucillo, 2006).
Strandplains are able to be cleared
from the landscape with lake level rise
and erosion as lake levels decrease
(Thompson and Baedke, 1995).
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Figure 4. Schematic illustrating the development of a beach
ridge coinciding with lake level change. Receding lake levels
erode the shoreline landward. As levels stabilize, a berm is
formed (Baedke et al., 2004). The berm grows with the deposition
of entrained sediment (Bristow and Pucillo, 2006).

Figure 5. Schematic illustrating the development of a dune along a
shore through aeolian processes. As nearshore processes deposit
sediment an incipient dune (berm) is formed. Entrainment moves
sediment away from the shore and supplies sediment to an
established foredune (previous beach ridge). If the ridge is
vegetated it will trap sediment and will assist dune growth on top
of the preexisting beach ridge (Sloss et al., 2012). The schematic
shows dune growth in tidal environments, however in the Great
Lakes, these processes are controlled by rising and falling base
level of the lakes.

The purpose of this project is to present low frequency GPR profiles to
highlight dominant bedding patterns and the stratigraphic layout of the
Nipissing phase beach ridge along the southern shore of Lake Superior. The
100 and 64 m profiles were quite comparable and provide an interesting set
of data (Figure 9).

Antennae Frequency

Tract Distance

Depth of Penetration

50 MHz

0 to 100 meters

24 meters
RF1: 5 to -5 meters
RF2: -5 to -24 meters

Objective Classification
This profile contains continuous to semi-continuous, parallel to subparallel,
lakeward dipping, sigmoidal reflections (RF1). Upper boundary is the ground
surface. The lower boundary is at approximately -5 m and is represented by a
semi-continuous reflection. A lower reflection package exists from
approximately -5 to -22 m and consists of semi-continuous, sub-parallel to
hummocky, landward and lakeward dipping reflections (RF2).

Interpretation

Antennae Frequency

Tract Distance

Depth of Penetration

Lakeward dipping reflections are beach and shoreface deposits (RF1).
Based upon interpretations of the well log data and the reflections
located on the north side of the profile, it appears as though the
Precambrian bedrock is being encountered (RF2). This could account for
the landward dipping reflections. Approximately 4-5 m from the surface
a continuous reflection possibly signifies the water table.

50 MHz

0 to 64 meters

33 meters
RF1: 5 to -4 meters
RF2: -4 to -33 meters

N

S

Objective Classification
This profile contains continuous to semi-continuous, parallel to subparallel,
lakeward dipping, sigmoidal reflections. An upper reflection package exists from 5
to -5 m and is composed of continuous to semi-continuous, parallel to subparallel,
lakeward dipping, sigmoidal reflections (RF1). A lower reflection package exists
from approximately -4 to -33 m and consists of semi-continuous, sub-parallel to
hummocky, landward and lakeward dipping reflections (RF2).

Interpretation
Lakeward dipping reflections are beach and shoreface deposits.
At approximately 4 to 5 m below the surface a continuous
reflection potentially signifies the water table. This reflection
divides the upper and lower facies (RF1 and RF2).
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The 50 MHz had an antennae separation of 2.0 and a step size of 0.5; the 100 MHz had an
antennae separation of 1.0 and a step size of 0.25; the 200 MHz had an antennae separation of
0.5 and a step size of 0.1 (Figure 7). Once the data was collected it was processed using
pulseEKKO project software with down-the-trace averaging, dewow and automatic gain control
and plotted using wiggle trace format for visualization and interpretation of the subsurface
stratigraphy of the lake’s coast (Jol and Bristow, 2003). During the interpretation multiple
reflection facies (RF), discernible packages of reflections within the profile, were located and
described. Topographical data was collected with a TopCon RL-H3CL laser level to geometrically
correct the GPR transects (Figure 8).
Figure 7. One
hundred meter
tape laid out to
mark the path of
desired
collection. The
tape helps to
mark a straight
path and helps
the collectors
easily see where
the antennae
need to be
placed, when
conducting a step
mode survey.

Figure 9. Schematic illustrating typical reflection patterns in a nearshore environment, such as
the southern shore of Lake Superior.

Future studies in this area may further examine the Nipissing ridge and
compare the results to with optical dating techniques to better determine
when the Nipissing beach ridge was deposited. This will help to more
accurately determine the timespan of the Nipissing phase of the Great Lakes.

Methods
Figure 6. PulseEKKO
Ground penetrating radar (GPR) is a method
GPR 100 antennae
used to examine subsurface stratigraphy
used to acquire GPR
through the use of electromagnetic (EM) pulses.
data in the field. These
As the pulses, which are emitted by one
are 50, 100, and 200
MHz antennae, which
antennae and received by a second, propagate
have a greater depth
through the ground they reflect off changes in
of penetration, but
the dielectric properties of the sediment. The
lack the ability to see
reflected signals return to the receiving
higher resolution
antennae and are recorded by a computer in the
details than 225, 450,
and 900 MHz
field (Figure 6). Low frequency antennae allow
antennae which were
for greater depth of penetration but lower
also used during this
resolution within the return data. Low resolution
collection and
data shows larger formations, such as the overall
processed in a
different analysis (Jol
dipping trends of large beds. High resolution
and Bristow, 2003).
data shows smaller features, such as smaller,
finer grained beds or tree roots. The depth of
penetration is determined by conducting a common midpoint survey, which calculates the the
velocity of the EM wave as it moves through the sediment, and was determined to be 0.13 m/ns.

The use of multiple, low frequency antennae contain inherent variation in
resolution and depth of penetration in collected profiles. The 50 MHz
antennae frequency had the greatest depth of penetration (24 to 33 m) but
had the lowest resolution of the three frequencies. The 200 MHz antennae
frequency had the lowest depth of penetration (10 to 11 m), but allowed for
the discerning of smaller bed formations throughout the profiles. Each
profile contained lakeward dipping reflections, interpreted as beach and
shoreface deposition. The 50 MHz exhibited landward dipping reflections to
the north, which were interpreted as reflections off of the Precambrian
bedrock that underlays the area. In the 100 and 200 MHz profiles for the 100
and 64 m lines an aggradational cap was interpreted as an aeolian dune
formed by the deposition of entrained sediments supplied as lake levels fell.
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Antennae Frequency

Tract Distance

Depth of Penetration

Objective Classification

Interpretation

Antennae Frequency

Tract Distance

Depth of Penetration

100 MHz

0 to 100 meters

16 meters
RF1: 5 to 0 meters
RF2: 0 to -5 meters
RF3: -5 to -13 meters

This profile contains a continuous to semi-continuous, parallel to subparallel,
lakeward dipping, hummocky to inclined reflections. An upper profile under a
concave down reflection from position 28 to 60 m and at an elevation of 5 to 0
m contains discontinuous, chaotic to hummocky reflections (RF1). RF2 and RF3
contain continuous to semi-continuous, parallel to subparallel, lakeward
dipping reflections.

Lakeward dipping reflections are beach and shoreface deposits.
RF1 is an aggradational cap formed as entrained sediments are
deposited on a preexisting beach ridge (Tamura et al., 2011). A
semi-continuous reflection at 4 to 5 m potentially signifies the
water table.

100 MHz

0 to 64 meters

18 meters
RF1: 5 to 0 meters
RF2: 0 to -5 meters
RF3: -5 to -18 meters
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Objective Classification
This profile contains a continuous to semi-continuous, parallel to subparallel,
lakeward dipping, sigmoidal reflections. An upper profile is present from
position 21 to 47 m and an elevation of 5 to 0 m contains semi-continuous
hummocky reflections (RF1). Two lower profiles exhibit continuous to
semi-continuous, parallel to subparallel, lakeward dipping, sigmoidal
reflections (RF2 and RF3).

Interpretation
Lakeward dipping reflections are beach and shoreface deposits.
The upper reflection profile represents dunes formed by aeolian
deposition (Tamura et al., 2011). A semi-continuous reflection at
4 to 5 m potentially signifies the water table.
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Figure 8. TopCon
RL-H3CL long
range laser used
for gathering
topographic
data needed to
assign
topography to
GPR data during
processing.
Antennae Frequency

Tract Distance

Depth of Penetration

Objective Classification

Interpretation

Antennae Frequency

Tract Distance

Depth of Penetration

Objective Classification

Interpretation

200 MHz

0 to 100 meters

10 meters
RF1: 5 to 0 meters
RF2: 0 to -10 meters

This profile contains a continuous to semi-continuous, parallel to subparallel,
lakeward dipping, hummocky to inclined reflections. An upper profile under a
concave down reflection from position 28 to 60 m and at an elevation of 5 to 0
m contains discontinuous, chaotic to hummocky reflections (RF1). A lower
profile contains continuous to semi-continuous, parallel to subparallel,
sigmoidal lakeward dipping reflections (RF2).

Lakeward dipping reflections are beach and shoreface deposits.
The hummocky reflections within RF1 are consistent with
aeolian dune stratigraphy (Tamura et al., 2011) and appear to be
downlapping southward onto the surface of the original beach
ridge.

200 MHz

0 to 64 meters

11 meters
RF1: 5 to 0 meters
RF2: 0 to -8 meters

This profile contains continuous to semi-continuous, parallel to
subparallel, hummocky to inclined reflections. An upper profile from
position 18 to 45 m and an elevation of 0 to 5 m exhibits semi-continuous,
hummocky reflections (RF1). A lower profile contains continuous to
semi-continuous, parallel to subparallel, sigmoidal lakeward dipping
reflections (RF2).

Lakeward dipping reflections are beach and shoreface deposits.
The hummocky reflections within RF1 are consistent with
aeolian dune stratigraphy (Tamura et al., 2011) and appear to be
downlapping southward onto the surface of the original beach
ridge.
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