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GPR is a technology that uses electromagnetic (EM) waves for the non-invasive 
study and imaging of subsurface stratigraphy and underground phenomena. These 
EM waves are the same as radio waves that a car antenna can receive from a 
radio station. The EM waves are radiated from a transmitter in the GPR unit and 
sent into the ground and reflected back to the receiver unit. The differences 
in the dielectric properties of the subsurface materials create these reflec-
tions. We can combine these reflections with the two way travel time to create 
a cross-sectional image of the subsurface.

The recently developed Fort Ord Dunes State Park, located north of Monterey 
Bay, California, has a coastal dune complex along with an abandoned military 
base. To better understand the internal stratigraphy of this dune complex and 
assess the cultural impacts of the abandoned base, a ground penetrating radar 
(GPR) survey was undertaken along the present dune apex. A pulseEKKO 100 GPR 
system with 100 MHz and 200 MHz antennae frequencies and a 1000v transmitter 
was used along a 200m transect with 0.5 m stepped intervals. 

A common midpoint (CMP) survey was collected to determine a velocity of 0.155 
m/ns, from which a depth of 20 m penetration was determined. The collected in-
formation was topographically corrected using global positioning system (GPS) 
elevation data taken along the transect. The GPR data showed the horizontal to 
sub horizontal, semi-continuous layers of the dune that are interpreted as an 
aggrading dune. The reflection patterns also show three distinct hyperbolic 
arches, which are interpreted as concrete bunkers within the subsurface. 
Through the use of GPR, our field study demonstrates an effective methodology 
to map both the physical and cultural impacts as part of a more comprehensive 
study to aid in future park planning.

In order to achieve the proper depth of measurement, we must consider multi-
ple  factors; subsurface materials and frequency of GPR signal. Dry sand and 
gravels provide the best opportunity for data collection, while saturated 
clays provide more difficulty. The saturated clays are highly electrically 
conductive and this causes the GPR signal to lose energy. This loss of energy 
results in a shallower penetration of the GPR signal. Sands and gravels work 
best because they do not cause the signals to lose energy, allowing the 
signal to continue on for tens of meters. We must also consider the frequency 
of the EM waves. Lower frequencies (10-50 MHz) travel quite deep, but provide 
less resolution than higher frequencies,(100-400 MHz) (Davis & Annan). We 
must find a compromise between depth and resolution in order to best image 
the subsuface. For the transect, which was run for 200 meters along the apex 
of the dune, we used a 100 MHz EM wave frequency. We ran this 200 meter tran-
sect taking reflections at intervals of 50 cm.

Before collecting data, it is important to format the equipment so the incom-
ing data can be read properly. As data is collected it is transferred into 
the field computer, where it is formatted for readability. The data is dis-
played as a two dimensional Cartesian plane based image. The x-axis shows the 
distance traveled horizontally, and the y-axis shows the elapsed time it 
takes for the EM pulse to travel to and from the reflected point and back. 

The resulting image (below) from the transect shows the pres-
ence of three concrete ammunition bunkers. The hyperbolic 
arching within the reflection profile has been interpreted as 
concrete bunkers in the subsurface. We experienced some loss 
in signal penetration depth, despite working in a sandy (de-
termined through hand texture analysis) environment. This 
loss in depth is possibly due to the increased salt presence 
from ocean wave spray. 

Based on our collected GPR data, we can say that there are 
fairly obvious signs of human intrusive practices in the Fort 
Ord State Park area. These practices include the 
construction of concrete bunkers in the subsurface of the 
natural dune. Additional research could supplement the GPR 
results and aid in the interpretation of the internal 
stratigraphy as shown in the reflection profiles. Although 
more extensive analysis is necessary in developing a clear 
understanding of the natural processes involved in the forma-
tion of the dune, the GPR results aided in obtaining confir-
mation of the Fort Ord dunes being an aggrading dune complex 
through semi-continuous horizontal layering in the internal 
stratigraphy as well as evidence of human influence.

Bunker 1 Bunker 2 Bunker 3

GPR Reflection Profile of dune apex. The semi-continuous horizontal layering shows the aggradation of the dune complex, 
and the hypercolic arches, circled in red, are interpreted as ammunition bunkers.

Ammunition bunkers 
located within the dune formations.
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Topographic Profile of the Dune Transect

We must convert this elapsed 
time into penetration depth. To 
do this we use a Common Mid-
point sounding (Jol & Bristow 
2003). To collect a CMP, we set 
up a transect in the area of 
study on a horizontal surface. 
The transmitter and receiver 
start close together and are 
moved in opposite directions in 
intervals of 5-10 cm each time 
for as far as the cables 
permit. Interpretation of the 
resulting reflection allows for 
calculation of velocity, which 
was 0.155 m/ns. This velocity 
is then applied to the time in-
terval to determine depth.
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GPR transect line along apex of dune, created using GPS.

PulseEKKO 100 being used to collect GPR reflection profile.

Cross-sectional image of dune layers.


