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GFP_Edit 4 with imported Y lines showing adjusted 
step size (distance between radar pulses). Grid can be 
exported as a GFP file to be used in EKKO_Project 

and SliceView

SliceView data processing panel where signal ve-
locity which is determined by soil type or  be in-

putted. Slice resoultion which determines the depth 
between each planar view can also be adjusted

GPR data collection at Magdala. In total eight grids were collected within 
the ancient city. Some of the grids were collected in areas that have already 
undergone excavation. Due to Magdala’s rich history there are multiple ar-

chaeological layers buried beneath uncovered ones. 

Methods

Methods

Atennae grequency 225-400 megahertz (MHz) 
(Lower frequencies provide more depth pene-
tration but lower resolution. Higher Frequen-
cies provide better resolution but lower depth 

penetration)

Ground pentrating radar (GPR) subsurface imaging 

Technology

PulseEKKO PRO GPR system 

Sensors and Software equipment

Total of eight grids collected at 
Magdala

Grids range in width from 1.25-2.6m 
and 2.5-14m in height 

225 MHz  grids have a time window of 150 
nanoseconds (time windows dicatate the 

amount of time between each radar pulse)

450 MHz grids have a time window 
of 45 nanoseconds

Grids

EKKO-Project allows for 2D visu-
alization

Sliceview creates subsurface verti-
cal/ horizontal images 

Software

GFP_Edit 4 used for grid creation

GFP_Edit 4 creates axis based 
grid systems

Grids created in GFP_Edit 4 are  imported into 
EKKO-Project

Analysis

Identify regions of interest in the 
eight grids using software

Archaeological features often have 
linear reflections or right-angles 

Stratigraphy facies can reveal depo-
sistion and sediment disturbances 

Literature review during all steps of 
methodology provides needed con-

text 

SliceView Software allows for 3D modeling of GPR 
data in both horizontal and planar views of  (Sensors 

and Software, 2016)

GPR is a geophysical surveying method that 
images the subsurface using a non-destruc-

tive radar pulse (Jol and Bristow).  GPR sur-
veys allow for wide-ranging applications, 

such as identifying and locating archaeolog-
ical features within a certain depth range 
(Vaughan, 1986). Stratigraphic analysis 

from propagating electromagnetic waves 
due to different dielectric properties enables 
reflection patterns to be collected and later 

analyzed (Baker, Jordan, , and Pardy. 2007). 
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Abstract
From the Late Bronze Age to the Hellenistic period, Tel Akko, Israel was a thriving port city located on the northern portion of the Haifa 
Bay. Due to stable sea levels, longshore coastal drift, and associated aeolian deposition on the prograding Zevulun Plain, Tel Akko’s coast-
line prograded out. The study presents ground penetrating radar (GPR) surveys collected at the south and southwest base of Tel Akko, 
which is where the coast is theorized to have been located. Three GPR grids were collected using a Sensors and Software pulseEKKO 1000 
GPR system. The data was analyzed using EKKO_Project, and Voxler. The frequencies used in the study were 225 and 500 MHz, with cor-
responding step sizes of 0.1m and 0.05m. GPR survey results indicate that within grid A there is a drop-off associated with the end of the 
Kurkar Sandstone. Locations beyond the “drop-off” would be viable locations for a coastal harbor. Grid B contained areas interpreted as 
sedimentary downlap in an east to west direction. Grid C contains multiple areas of chaotic reflections indicating disturbances. On the east-
ern side of Grid C, the subsurface stratigraphy revealed regions of right-angled patterns. The right-angled patterns are interpreted as hu-
man-made features.

Introduction
Magdala is an ancient Israeli city located in the northwest portion of the Sea of 
Galilee. The region’s freshwater availability and water transport routes allowed 
the ancient town of Magdala/Taricheae to develop along the bottom of the Arbel 
cliffs on an alluvial plain near the Sea of Galilee (Zapata- Meza et al, 2018). 
Eventually, Magdala grew to become a planned city that consisted of an orthogo-
nal pattern with intersecting right angles located at the intersection of the 
north-south and east to west road system (Bauckham and De Luca, 2015).). In 67 
C.E Roman forces invaded and occupied Magdala sparking a Jewish revolt, 
which left thousands dead and a city in ruin (Zapata- Meza et al, 2018). Environ-
mental disasters hastened the decline of the city, and an earthquake in 368 C.E 
left Magdala in disrepair (Bauckham. and De Luca, 2015). Currently, Magdala 
archeological digs have uncovered Hasmonean, Greek, and Roman structures. 
Artifacts such as pottery, coins, and utensils have also been found during excava-
tions. 

Map of Magdala, Israel showing the Sea of Galilee and 
local topography of the region. Agricultural fields around 
the Sea detail the region’s fertile soils. The Sea of Galilee 

also lies at an average elevation of -210 meters (m).

The synagogue pictured above was unearthed in Magdala and is currently the 
oldest excavated in the region of Galilee. Jesus is believed to have visited the site 
and scripture mentions the region  saying that ‘Jesus went throughout Galilee, 
teaching in their synagogues, preaching the good news of the kingdom, and heal-
ing every disease and sickness among the people’ (Matthew 4:23 – NIV). (Syna-
gogue, 2017)

Locus maps which show excavated sections of 
Magdala. Regions where grids were collected 
are historically from the Late Hellenistic 
(LHel) (321-31 B.C.E), Early Roman (ER) ( 27 
B.C.E - 14 C.E), and Late Roman (LR) periods 
250- 400 C.E. Identification of time periods 
done through dating of pottery and coins found 
in different sections.

Location of Magdala, Israel

Locus Maps at Magdala 

Street three blue star (Grid 5 450MHZ): ER period

E6C1 green star (Grid 6 450MHz): Hasmonean 
coins found from 1st C.E 

E1C8 black star (Grid 8 450MHz): Covers the 
time periods LHel, ER, MR and possibly Ottoman

Reflections interpreted as human-made 
features (consisting of right angles, 
chaotic reflections, linear reflection 
patterns, and circle features  

Analysis of GPR grids at Magdala was focused 
on near surface layers mainly between 
0.60-0.300m. However, Grid 6 contained re-
gions of interest lower depths. Due to the 
number of grids collected only three are shown 
in the results section. Analysis of the grids re-
vealed reflection patterns consistent with hu-
man-made objects. Stratigraphic line analysis 
revealed features such as chaotic reflections, 
deep ringers, and hyperbolics which can be as-
sociated with human-made structures. Planar 
view analysis indicates right-angle intersect re-
flection patterns, linear reflections, circular 
anomalies, and regions of medium to high re-
flections all of which are interpreted to be hu-
man-made features.  

Grid 8 (450 MHz) in SliceView 
showing a planar view of the grid at 
a depth of  0.06-0.120m containing 

circular, linear, and right-angled 
reflections (black line is line 212)

Grid 8 (450 MHz) in SliceView 
showing a planar view of the grid at 
a depth 0.24-0.30m. Some features 

overlapped from the 0.06-0.12m but 
new features appeared as well  

Grid 8 Line 212 stratigraphy showing flat hyperbolics and chaotic reflections

Grid 5 Line 240 stratigraphy 

Grid 5 Line 244 stratigraphy

Grid 5 (450 MHz) in SliceView 
showing a planar view of the grid at 

a depth 0.18-0.24 (left) and 
0.24-0.30m (right) Grid 5 contains 
high-medium strength linear reflec-
tions, right angles, and buried metal 

objects (black lines are lines 240, 

Chaotic reflections can indicate sedi-
ment disturbances related to human 
intervention as they disrupt normal 
stratigraphic layering 

Flat hyperbolics often occur when the 
radar pulse is reflected off an object 
with sharp or square corners. They are 
interpreted as human-made objects 

Grid 6 (450MHz) 
at 0.70-0.77m 

(left) and 
0.77-0.84m (right) 
contins multiple 
circlular reflec-

tions, right angles, 
and regions of 

high- medium re-
flections

Results

Magdala’s past is steeped in biblical and historical significance. GPR on the site has allowed for a non-destructive subsurface imaging technique to 
be employed. Each of the eight grids collected at Magdala revealed linear reflection patterns that are interpreted as human-made structures. Grid 8’s 
planar view contained numerous areas that could contain circular, linear, and right-angled reflection patterns which could be ancient walls, founda-
tions, or possible roadways. Grid 8’s stratigraphic facies included lines with chaotic reflections and flat hyperbolics and support the human-made 
planar interpretations. Grid 5’s planar profile was consistent with Grid 8’s except for a high-strength deep reflection that went throughout the strai-
graphic profile. High-strength ringing reflections are usually created by buried metal objects and Grid 5’s stratigraphy supports this claim. Grid 6 
comprised similar features as the other grids. However, Grid 6 did contain reflection patterns and stratigraphy at a lower depth than the rest of the 
grids. Overall, these findings will be used to help guide further excavations at Magdala, Israel.   

Metal 
object


