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Figure 1: Pulling the GPR Antenna.  The 400 MHz antenna is pulled along a transect at Petra, Jordan, July 2001.  Inside the orange box are both a sending and receiving antenna.  Data are transmitted to the computer through the cable.
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Figure 2: Example of a GPR Reflection Profile. As the paired radar antennas are pulled over the ground surface, a two-dimensional vertical "slice" showing the significant reflections in the ground  is obtained.  In this profile the high amplitude reflections, produced from buried materials that contrast a great deal with the surrounding sediment, are black and white.  The gray areas with only subtle reflections are windblown sand and sheet wash sediment that filled in around the buried architecture after abandonment.
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Figure 3: How Profiles make Up a Three-Dimensional "Cube" of Data.  When many transects are collected in a closely spaced grid, a three-dimensional "cube" of reflection data are available for processing and image production.  Reflection data can then be analyzed in horizontal slices, comparing reflections from only certain depths in the ground to others throughout the grid.
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Figure 4: Slice Maps of Buried Architecture.  Maps of specific horizontal slices in the ground are created from GPR data and allow archaeologists to identify important buried features that have reflected radar energy back to the surface.  In these two maps, which are separated by about 25 cm., a buried Byzantine building with portions of the walls still standing is clearly visible as red, yellow and green colored reflections.  The blue areas indicate little or no radar energy reflections due to the homogenous nature of the material that buried the site.
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Figure 5: Petra Base Map.  The site of Petra is situated in the Kingdom of Jordan about half way between the Dead Sea and the Red Sea's Gulf of Aqaba.
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Figure 6: The "Lower Market" Area Viewed From The South.  Little was know about the subsurface in the Lower Market area before the GPR mapping began.  The standing columns of the Great Temple are located in the upper left corner of the picture.  This photograph was taken after significant subsurface testing, and therefore back dirt piles are located in the areas where the GPR data were previously collected.
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Figure 7: The "Lower Market" From the Air Looking East.  The Lower Market is located near the Great Temple, just above the Colonnaded Street.
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Figure 8: The Ground Surface in Grid 1.  Only a few small stones were visible on the surface.  GPR maps later revealed the buried building directly beneath this portion of the grid.
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Figure 9: Previous Excavation Showing Buried Water Conduit.  This excavation on the southern portion of the "Lower Market" indicated that there was a great deal of buried architecture in this area of the site.
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Figure 10: The "Lower Market" Site Showing GPR Grids 1 and 2.  The large piles of dirt and excavations were placed in this area after the GPR data were collected.
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Figure 11: The 400 MHz Antenna.  This antenna is capable of energy transmission to about 2.5-3 meters, with resolution of objects down to about 10 cm.
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Figure 12: Radar Energy Spreads in the Ground. As radar energy moves from the surface antenna into the ground, it spreads out in a cone.  It ultimately becomes absorbed by the ground, and spreads out far enough that the energy is lost.
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Figure 13: Amplitude Time Slices from Grid 1.  These time-slices are showing from 0-25 cm depth (on top) and 25-50 cm (below).  Blue areas denote little or no radar reflection, indicating homogeneous material.  The red-green areas are higher amplitude reflections, indicating the presence of highly reflective material surrounded by sand or soil.
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Figure 14: The GSSI SIR 2000 GPR System.  Radar pulses are generated in this control unit, and the reflected pulses received back at the antenna are digitized, stored and processed in the computer within this unit.  Reflection profiles are visible during data collection on the screen within the lid of the system.
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Figure 15: Conducting the Velocity Tests.  A metal bar is pounded into the side of the excavation, which produces a hyperbolic radar reflection immediately visible on the computer screen.  That reflection is measured in time by the GPR system, and its depth is measured by a tape.  With time and depth known, velocity of the radar energy can be calculated.
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Figure 16: The Hyperbolic Reflection Produced by the Metal Bar in the Excavation, Shown in Figure 15.   The apex of the hyperbola was measured at 12 nanoseconds in the ground.
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Figure 17: Slice 1 in Grid 1(0-25 cm).  Most reflections in this area were caused by near-surface rocks, or architecture very near the surface.  The large red reflection area, toward the bottom of the map was caused by a pile of surface stones that could not be moved prior to conducting the survey.  This anomaly is present in all slices in the same location and can be ignored.
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Figure 18: Slice 2 in Grid 1 (25-50 cm).  The rectangular structure that was more precisely mapped with GPR in Grid 2, is located along the northern boundary of the map.  Many other walls and possible oval structures are also visible, but their origin is at present unknown.
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Figure 19: Slice 3 in Grid 1 (50-75 cm).  Many linear and rectangular features are visible, which have not yet been tested by excavations.
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Figure 20: Slice 4 in Grid 1 (75-100 cm).
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Figure 21: Slice 5 in Grid 1 (100-125 cm).
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Figure 22: Slice 6 in Grid 1 (125-150 cm).
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Figure 23:  Grid 1 Amplitude-Slice Video.  This is a video of 45 individual slices, each approximately 1 nanosecond thick, from the ground surface to about 2.5 meters in the ground.  You may click on "Pause" and "Resume" as the video plays to stop the video.  You will have to play this video from the web.
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Figure 24:  Grid 2 Amplitude-Slice Video.  This is a video of 25 individual slices, each approximately 1 nanosecond thick, from the ground surface to about 2.0 meters in the ground.  You may click on "Pause" and "Resume" as the video plays to stop the video.  You will have to play this video from the web.
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Figure 25: Reflection Profile Showing Walls of the Northern Structure and the Related Soil Horizons .  The east wall of the structure was crossed by this profile at an oblique angle, so it appears very wide.  The north wall was crossed almost perpendicularly.  Distinct stratigraphic layers were found to the south of the northern structure.  It was tested in Trench 6 and these horizons were found to be the remains of ancient gardens.  The reflection to the north of the northern structure is hypothesized to be a buried pipe, but it has not yet been confirmed by excavations.
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Figure 26: The "Lower Market" Site from the South with the Location of the Test Trenches.  This photograph was taken after the test trenches were completed at the end of the 2001 field season.
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Figure 27: Grid 2 Amplitude Slice-Map From 25-50 cm with the Location of Trenches 6 and 8.  Trench 6 was positioned to test Corner A of the northern structure.  Trench 8 tested Corner B.

[image: image28.jpg]



Figure 28: Raw GPR Reflection Profile.  This is the way GPR reflection data appears when it is first collected.  An abundance of horizontal lines are displayed, which are "noise" that must be removed so the non-horizontal reflections from within the ground are visible.
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Figure 29: GPR Profile with Background Removed.  Once the horizontal lines are removed, the stratigraphy and reflections from buried walls and other features becomes visible.

[image: image30.jpg]Exag.

vert

B
@
g
2
3
E
a





Figure 30: GPR Profile with Tails Removed.  The tails of hyperbolas can also be removed, leaving only the reflections at their apexes, cleaning up the data even more before further processing.
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Figure 31: Slice Maps Before and After Processing. The amplitude slice-maps on the left were produced with the hyperbola tails still in the data, and those on the right were produced after they had been removed.  The maps on the right (especially in the upper slice) are much more precise images of what is actually buried in the ground at that level.
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Figure 32: Rendered Video of the Northern Structure in GPR Grid 2.  This rendering includes the highest amplitude radar reflections from 25-95 cm below the surface.   You will have to play this video on the web.
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Figure 33: Excavations Begin Immediately.  The western wall of the platform was so distinctive in the GPR profiles during acquisition, that we could place flags on the ground and begin excavations immediately.
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Figure 34: Profile 11 Crossing the Platform Visible in Profile 11.  The top of the platform, with a step down to the west, and a distinct western edge of the platform are clearly visible in the profile.  The interior of the platform appears to be rubble fill, as the reflections are very jumbled.
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Figure 35: Photograph of Excavations in Trench 5.  The platform top, the step, and the western edge of the platform were found in the locations predicted by the GPR data.
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Figure 36: Raw Profile of File 43.  This profile crosses a wall between 10 and 11 meters, and what appeared to be 3 distinct walls between 26 and 30 meters.  The remainder of the profile shows only low amplitude reflections, indicating an "open" area with no architecture.
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Figure 37: Annotated Profile of File 43.  After excavation, we found that the feature between 26 and 30 meters was actually a platform with a hole in its surface, making it appear to be a series of walls.
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Figure 38: Excavations of Trench 2 Showing Platform.  The east and west walls were encountered where the GPR profile showed the reflection hyperbolas.  The middle reflection hyperbola, which appeared to be a wall, was generated from the corner of the platform, along the edge of the hole.  The hole was probably created by stone-robbing sometime in the past.
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Figure 39: Detailed Reflection Profile of File 43.  After excavation of the feature in Trench 2, the reflections in this profile can be more accurately interpreted.  The wall to the west of the platform has not been excavated.
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Figure 40: Grid 2 Slice With Locations of Profiles and Trenches. Two trenches (6 and 8) were placed to encounter the northwest and southeast corners of the northern structure.
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Figure 41: Excavations in Trench 6 Showing Corner A of the Northern Structure.  The corner was found in the correct place, but the extending wall to the south was initially a surprise. When the amplitude slice-maps were viewed again, this wall was visible, but had been inadvertently ignored, as it was along the southern edge of grid.
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Figure 42: Excavations in Trench 8 Showing Corner B.  The walls along Corner B were uncovered.  The trench was deepened to the north, where it encountered soil horizons outside the building.  These were visible as distinct reflections in the GPR profiles (shown in Figure 25).

