Subsurface Imaging of Past Shorelines of Lake Michigan at Manistique, Michigan
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Abstract

Lake Michigan has experienced water level uctuations since its formatip

14,000 years ago. These uctuations have formed a set of visible sand

ridges parallel with the current Lake Michigan shoreline and can be segn
along the Manistigue Embayment located in Michigan’s Upper Peninsulga

The most prominent water level uctuation occurred during the mid-Ho-
locene period when the lake level was at its highest (~4 meters) and Is
known as the Nipissing phase. The purpose of this research is to deter-
mine how the Nipissing high a ected the shoreline of Lake Michigan.

Using ground penetrating radar (GPR), a noninvasive geophysical tech-
nigue used to Image the subsurface, a 1,100-meter-long transect of the
embayment was collected. The GPR system used was a pulseEKKO 1(

with an antennae frequency of 100 MHz. Data was collected using a step

size of 0.25m and an antennae separation of 1m. Using a Topcon laser

level, the topography of the GPR line was collected. The raw data was prn
cessed using Sensor and Software’s EKKOproject. The results of the GP

transect show evidence of coastal processes including progradation ang
aggradation associated with beach ridge formation and will contribute tg
re ning the present paleohydrograph of Lake Michigan.

Background

Lake Michigan has experienced a range of lake level fluctuations due
to a variety of geomorphic processes including glacial deposition, iso-
static depression and rebound, and change in lake outlets (Kincare
and Larson, 2009). Lake level fluctuations and ancient shorelines can
be identified and studied where shorelines no longer exist through the
study of coastal processes such as aggradation and progradation (Kin-
care and Larson, 2009). Coastal formation processes are identified by
the examination of soll stratigraphy and the interpretation of how they
formed. According to it’s historical record, Lake Michigan experiences
an average annual water level fluctuation of 0.33 m and an extreme of
2.4 m (Thompson and Baedke, 1995). As a result of these annual fluc-
tuations and their interaction with post coastal and glacial processes,
the shoreline of Lake Michigan (Figure 1)

displays a variety of coastal landforms
including embayments. Embayments,
often contain other coastal features
such as dunes, spits and beach ridges
(collectively termed a strand-
plain)(Thompson and Baedke, 1995).

Figure 1: Location of the Manistique em-
bayment on the shoreline of Lake Michi-
gan in the Upper Peninsula of Michigan

(USA), in relation to the Great Lakes.

Figure 2: Manistique embayment in
proximity to Manistique, Ml, as well as
Indian Lake and Lake Michigan. The
highlighted red line shows (approximate-
ly) the 1,172 meter-long transect of GPR
line recorded.

The Manistigue Embayment (Figure 1) along the northern shore of
Lake Michigan (Figure 2) is a prime example of a beach ridge domi-
nated embayment that has been influenced by water level change. By
studying beach ridge formations that lie inland adjacent to the current
ake shorelines we are able to further understand and date the past
ake level elevations. One time period in particular, known as the Nip-
nising phase, Is characterized by the highest lake level resulting in the
upper Great Lake basins converging, due to the rebound of the North-
ern Bay outlet (Anderton and Loope, 1994). In order to interpret the
peak Nipissing phase of Lake Michigan (“Chippewa phase” Hough,
1958) at the Manistigue embayment, it was necessary to make obser-
vations and measurements of the beach ridges as well as their sub-
surface. The main objective of the research is to image of the subsur-
face stratigraphy of a section of the embayment using ground pene-
trating radar (GPR). Images produced by processed GPR data pro-
vide visualization of various geomorphic processes that formed the
strandplain.

Methods

1 Collection:

GPR was used to image the shallow subsurface of the Manistique
Embayment. GPR utilizes two antennae. The first sends high frequen-
cy electromagnetic (EM) pulses into the ground from a transmitting
antenna. The pulse travels through the subsurface until coming in
contact with a material of differing dielectric properties, and is reflect-
ed back to the surface where it is recieved and collected by the
second antenna (Jol & Bristow, 2003)(Figure 3). By measuring out an
1,172 meter-long transect with a survey tape (Figure 4), we were able

YL collect a profile of the subsurface stratigraphy using a pulseEKKO

100 GPR system. A frequency of 100MHz was used to achieve a pen-
etration depth of up to 15m. The velocity of the EM pulses varies
o-pased on the sediment it travels through and Is determined by the col-
i lection and calculation of a common midpoint survey(CMP)(Figure 5).
The topography of the transect was collected using a Topcon laser
leveler which provided necessary surface adjustment of the GPR tran-
sect. From the topographic data collected in the field, a profile and
table is created in MS Excel. The resulting data from the table is pro-
cessed with the GPR line in the EKKO _Project software.

Figure 3: (above) Diagram of
GPR in use, sending EM
waves into the ground. These
waves are then reflected off of
changes in dialectric properties
In the earth’s surface and re-
turns the data back to the sur-
face, where it is recorded by
the reciever (Jol and Bristow,
2003).

Figure 4: (above) The GPR data collec-
tion of the 1,172 meter-long transect
obtained from the Manistiqgue embay-
ment in MI, USA.

Processing:

Within EKKO _Project, the major processing functions completed in-
clude filtering, applying a gain, and adjusting the velocity after merging
the lines together.

Filtering: Mathematical algorithms applied to the data to clean the
noise and enhance data characteristics (Systems & Software Inc.,
2009-2016).

* Horizontal spatial filter adjusts the resolution based on step size
(0.25m)

 Vertical temporal filter removes high frequency signal to increase
resolution

 Dewow filter increases image resolution by removing unnecessary
low frequency signals

Gain: Amplifies the signal strength of the EM pulse, attempting to
lessen the attenuation of signals.
o Automatic gain control(AGC)

Figure 5: CMP image used to calculate the
velocity of the EM pulse, the EM pulse is then
used to determine depth scale.Using a dis-
tance point on the ground, wave reflection and
Its corresponding time on the Y axis, the ve-
locity was calculated (v= d/t). The sample dis-
tance used is 20.0m, with a time of 170ns, re-
sulting in a velocity of 0.116 m/ns (20.0/170.0
= 0.116) which was applied to the line. The air
wave is highlighted in orange, and the ground
wave is highlighted in purple.

Results

The measurement of coastal (consecutive) beach ridge progradation
has previously been measured in order to determine the chronology,
origin, orientation and magnitude of individual ridges as well as sets
of ridges (Buynevich, Jol and Fitzgerald, 2009; Tanner, 1995; Bristow
and Pucillo, 2006). The results of this study are shown as follows:

* Inclined reflections (indicated in yellow) at a depth of between ~4m
above baseline Om to ~4m below our baseline (Om) throughout the
transect show the progradation of the strandplain dipping in a south-
eastern direction.

e Horizontal parallel reflections (indicated in pink) at a depth ranging
from ~2m above baseline Om to ~2m below baseline Om at ~495m
along the transect collected indicate the the Nipissing peak.

* Obligue parallel reflections dipping to the southeast (indicated In
blue) at a depth of ~5-6m below the baseline Om shows past shore-
lines.

Discussion

Postglacial rebound (PGR) is a geomorphic phenomenon that the
northern Great Lakes experienced around 10,000 years ago and is
still ongoing today (Figure 8). Due to the melting of the glaciers in this
area, the pressure their weight had once imposed on the earth’s crust
slowly diminished, causing the gradual uplift of the northern shores of
the Great Lakes, known as glacial isostatic adjustment (GIA) (Main-
ville and Craymer, 2005). Understanding the effects that this uplift has
had historically and is still undergoing today Is important to current
day interpretation of lake level change and beach ridge formation
(Mainville and Craymer, 2005). The understanding of the formation of
beach ridges, strandplains and other coastal geomorphic features that
formed during and after the Nipissing phase in the northern Great
Lakes area Is imperative to interpreting present day shoreline behav-
lor. A diagram showing the formation of beach ridges is shown below
In Figure 9. The peak of the Nipissing phase presented a new
lake-level high. During this time, the shoreline of the northern Great
Lakes experienced an increase in sediment supply, accompanied by
a decreased rate of water level rise causing change in shoreline be-
havior (Mainville and Craymer, 2005). The aggradation of the In-
creased sediment supply followed by a depositional transgression
period formed a Nipissing-level beach ridge and an accompanying
strandplain of smaller beach ridges that were then covered by wash-
over sequences as the lakes shoreline experienced the process of
coastal progradation (Johnston, Thompson and Wilcox, 2014).

Figure 9: Shoreline behavior during beach ridge de-
velopoment shown in three stages. A) Landward ero-
sion of the shoreline due to lake level rise B) The for-
mation of a topograpahic high (called the berm) and
the formation of a dune with the lake level rise slow-
iIng C) The progradation of the shoreline backwards
due to the faling lake level (Baedke et. al, 2004).

Figure 8: A map of the Great Lakes, showing
data collected on present day rates of isostatic
rebound by the Coordinating Committee on
Great Lakes Basic Hydraulic and Hydrologic
Data (2001)(Baedke et. al., 2004)

Conclusions

The GPR profile shows evidence of coastal geomorphic processes that were In-
volved in the Nipissing phase and were involved in the creation of the Nipissing peak
ridge. The results of this study can be used to further the construction of a Great
Lakes paleohydrograph. Further research based on the study of the Nipissing high
and beach ridges on the Manistigue Embayment can be conducted in order to pro-
vide researchers with a better understanding of post glacial rebound as well as gla-
cial isostatic adjustment.
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Figure 10: GPR transect of the Manistigue Embayment shows the image of the subsurface and the results highlighted in yellow, pink and blue. The features observed include the Nippising peak, beach ridge and progradation of sediment and past shorelines.




