
The three grids collected at Tel Akko were analyzed to 
locate the proposed harbor, ancient coastline, and 
identify other archaeological features. Analysis from 
the grids revealed the Kurkar sandstone bedrock 
‘dropo�’, linear and chaotic re�ections, downlap, and 
hyperbolic re�ection patterns. Grid C in the study 
shows the most promise in locating buried archeolog-
ical structures concerning harbor features such as 
quay (place for docking ships), moles (piers), and pos-
sible breakwaters. Meanwhile, Grid B contains areas of 
downlap throughout the grid, and its location below 
the bedrock make it a viable location for a prograding 
coastline. Future work with the University of Haifa this 
summer will provide more geophysical surveys, and 
attempt to uncover more geomorphological and hu-
man-made structures.

Figure 7 : Drone image of Tel Akko with grid collection sites overlain    

Figure 8: Grid C  imported Y lines in GFP Edit that show line direction, length, 
and step size 
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Figure  9. Slice View images from Grid B  displaying linear anomaly located at from 
0m-23m in length. Images depth from left to right are 0.33-0.44m, 0.44-0.55m, and 

0.55-.66m. The linear anomaly is colored green, yellow, and red 
Figure 3. Grid C GPR collection in a 

south to north direction

Figure 3. Local Lithuanian eye-witness showing the location of the Trakas 
Mass Grave. 

Figure 10.  Voxler 3D height �eld showing linear re�ection pattern in red circle 

Figure 11. Slice View image from Grid B Line 10 showing downlap showcased in the transparent red lines 
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Introduction
This study focuses on locating an ancient 
harbor(s) at Tel Akko, Israel, that has been 
abandoned and buried due to coastal pro-
gradation, windblown sand (aeolian), and 
�uvial sedimentation. Tel Akko is an archaic 
site that has been identi�ed as a port city 
situated on the Haifa Bay in northwestern 
Israel (Fig 1). Currently, Tel Akko lies 700 
meters inland from the Haifa Bay coastline 
(Artzy, 2006). Once positioned on both mar-
itime and terrestrial routes, Tel Akko’s loca-
tion is hypothesized to have been a vital 
harbor for trade during the Late Bronze age 
(1550-1200 B.C.E) through the Hellenistic 
period (323-32 B.C.E) (Morhange et al., 
2018). 

Results
Processed GPR slices from EKKO_Project and Voxler Golden Software from Grid A identi�ed the end of Kurkar Sandstone plateau. Areas below the plateau have been proposed as 
possible anchorage locations. Due to theorized harbor sites being located beneath the Kurkar plateau both Grid B and C were collected below the plateau. Grids collected at the 
Tel also had to deal with attenuation due to high silt and clay composition which increase soil conductivity, and thus weaken the GPR signal (Sensors and Software, 2015). Due to 
signal attenuation, the depth of penetration in Grid A was 0.44m, which was the lowest of the three grids collected. Analyzed data from Grid B contained a region of linear re�ec-
tion patterns found on lines 13-37 at a depth of 0.4-0.5m, due to its size and shape the feature is interpreted as an ancient coastline or breakwater (Fig. 9). The linear re�ection pat-
terns are migrating in a west to east direction based on downlap found on line 5, 7, 10, and 12. and indicate progradation and deposition (Fig. 10 and 11). Downlap appears when 
overlying stratigraphy dips onto relatively horizontal strata and is associated with progradation and depositional environments such as coastlines.

Conclusions

The technology used in the study was a Sensors and Software pulseEKKO PRO 
ground penetrating radar (GPR) system (Fig. 3). GPR uses nondestructive radio 
wave pulses to image the subsurface (Jol and Bristow, 2003). At Tel Akko three 
GPR grids were collected on the southern and southwestern region of the Tel 
(Fig. 7). Grid collection sites were determined based on sediment cores (silts, 
clays, and aquatic species), previous excavation work, and geomorphological 
context. The grids were collected using an antennae frequency of 225 MegaHertz 
(MHz) for Grids A and B and an antennae frequency of 500MHz for Grid C. Grid A 
was taken with a step size of 0.1m and had a time window of 125 nanoseconds 
(ns). Grid A was collected on the south side of Tel and measures 13m long and 
10.25m in width (Fig. 7). Grid B was taken with a step size of 0.1m and had a time 
window of 150ns. Grid B was collected on the southwest side of the Tel and mea-
sures 18-23.5m long and 10.75m in width (Fig. 7). Grid C was taken with a step 
size of 0.5m and had a time window of 50ns. Grid C was collected on the south 
side of the Tel and measures 15-16m long and 39m wide (Fig. 7). The software 
programs used to analyze and interpret the GPR grids include GFP_Edit 4, EK-
KO_Project, Sliceview within EKKO_Project, and Voxler. Finally, correct depth 
measurements are calculated using hyperbola velocity measurements or manu-
ally inputting signal velocities based sediment type. 

Methods

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 asso-
ciated aeolian deposition on the prograding Zevulun Plain Tel Akko’s coastline 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 EK-
KO_Project, and Voxler. The frequencies used in the study were 225 and 500 MHz, with corresponding step sizes of 0.1m and 0.05m. GPR survey results indicate that within grid A there is a drop-o� 
associated with the end of the Kurkar Sandstone. Locations beyond the “drop-o�” 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 re�ections indicating disturbances. On the eastern side of Grid C, the subsurface stratigraphy revealed regions of right-angled re�ection 
patterns, which are interpreted as human-made features. The research done in this project seeks to inform and guide future archeological and geophysical studies at Tel Akko.
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Holocene, v. 16, p. 849–861, doi: 10.1191/0959683606hol977rp.A horizontal GPR pro�le within Grid C  at the 35.7m mark (line 145). This line showcases the chaotic re�ections and hyperbolics located in the grid. The left oval indicates a buried metal object as it is a strong, and deep re�ector that ‘rings’  throughout the pro-

�le. The central oval is an area of chaotic re�ections. Chaotic re�ections can indicate disruption after deposition due to anthropogenic forces, and due to its location on the linear re�ection patterns is theorized to be a human-made subsurface disruption. The 
right oval contains hyperbolic re�ections with short tails indicating a square or rectangular feature located in the subsurface due to the radar pulse not hitting the subsurface feature at a 90-degree angle (Sensors and Software, 2015). 

As sea levels moderated in the Haifa 
Bay around 2050 B.C.E to 1050 B.C.E 
coastal progradation to the west 
began to occur (Fig. 2). The coastal 
progradation is due to Haifa Bay’s lo-
cation at the northern terminus of 
the Nile Littoral cell (end of Nile River 
sediment cycle), as well as �uvial 
deposition from the Qishon and 
Na’aman rivers, and aeolian deposi-
tion from coastal sediments (Zviely et 
al., 2006).

The collected lines from the GPR surveys were then import-
ed into GFP_Edit 4 where collated line data is turned into 
an axis-based grid that is determined by the data collection 
sequence. Created grids can be imported into EKKO_Proj-
ect which allows for points and polygons to be added to 
the data to provide 2D visualization. Within Ekko_Project 
GPR grids can be opened in SliceView to view horizontal 
and vertical subsurface slices. Horizontal depth slices 
enable re�ective hyperbola analyzation that can be cou-
pled with vertical subsurface imaging to locate features of 
interest (Sensors and Software, 2015). Sliceview exported 
Hierarchical Data Format �les, which are 3D visualization 
�les enable large datasets exported from Ekko_Project to 
be imported into Voxler Golden Software to produce 3D 
models and isosurface images (Fig. 12).

Figure 1: Location of Tel Akko

Figure 3: Tel Akko digital 
elevation model showing 
higher elevations in the 
northern portion with 

the lowest elevation lo-
cated to the south near 

the proposed harbor 
sites 
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Grid C contains multiple areas of subsurface anomalies such as linear re�ections, hyperbolics and cha-
otic re�ections. On the eastern side of Grid C, the subsurface stratigraphy revealed regions linear re-
�ections and right-angled patterns located at depth slices of 0.50-0.55m (Fig. 13). Grid C’s  linear re-
�ections angled from 3-6 meters in length and are interpreted to be human-made structures. The 
right-angled re�ection patterns support this interpretation as right angles are not normally created 
through natural processes. Numerous hyperbolic re�ection patterns were located in Grid C especially 
on the eastern portion of the grid. Hyperbolic re�ection patterns indicate a feature that di�racts in-
coming radio waves. Thus, the hyperbolics are theorized to be subsurface disturbances (graves) mate-
rial changes (bricks, or building materials), or archaeological features (walls, piers, foundations).

Figure  2 B: Longshore drift at Tel Akko from northern currents 
supplying Nile derived sediments and prevailing  northwestern 

winds supporting wave direction (Google Earth, 2019)

Figure  2 : Progradational factors at Tel Akko
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Figure 12. Slice View image from Grid C Line 63 displaying hyperbolic features shown in the white ovals 
Figure 13. Slice View image from Grid C at 0.50-0.55m showing right-angled re�ec-

tion patterns on the eastern side of the grid  


