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Figure 1. Oakland, NJ American Legion Member Collecting EM Data. Photo Credit: Peter Sarandinaki

Abstract

Identifying anomalously conductive exploration targets within an electromagnetic (EM) survey can be
automated with the RockWorks Playlist utility. This tool provides a means to combine a series of steps into a
single script that can serve as a template for other studies.

In this case study, a geophysical survey using a Geonics EM-38 electromagnetometer (aka conductivity meter)

was used to survey a site where the bodies of nine Continental Army soldiers were reportedly buried during the
American Revolution in 1776.
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Introduction

In October of 2020, the author was contacted by SEARCH Foundation President, Captain Peter Sarandinaki who
requested assistance in processing electromagnetic data in regards to locating the graves of nine Continental
Army soldiers who were reportedly buried in unmarked graves at the Ponds Cemetery in Oakland, New Jersey.

During discussions with the Oakland American Legion, Captain Sarandinaki had piqued the Legion’s interest
based on his previous work with the author and forensic geophysicist Clark Davenoport in locating the missing
remains of the Romanov family murdered during the Russian Bolshevik Revolution in 1918.

The author has used the subsequent pro-bono work to showcase the benefits of the Playlist feature recently
introduced within the RockWorks2020 software. Specifically, each of the following steps was added to a Playlist
that automates the entire process from raw data to a proposed archeological exhumation plan. This Playlist
(freely available from support@rockware.com) may be readily applied to other EM datasets.
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Step 1 — Entering the Raw Data

255 EM measurements were copied from an Excel spreadsheet into a RockWorks datasheet (Figure 2). The XY
coordinates represent a local cartesian system in which X increases to the east and Y increases to the north. The
Vertical data column (Z1) essentially represents the deep conductivities while the Horizontal column (Z2)
represents the shallow conductivities. The data was collected on a 1x1 meter grid with the survey lines run from
south to north.

X Y Z1 72

(Line#) (Station#) (Vertical) (Horizontal)

Local Local

Meters Meters
2 5 65 52
2 6 66 53
2 7 66 52
3 0 67 51
3 1 69 48
3 2 69 48
3 3 68 51
3 4 67 52
3 5 66 50
3 6 67 51
3 7 67 51

]

Figure 2. RockWorks Datasheet w/EM Data

Step 2 — Checking the Data Location Quality

Color-coded proportionally-scaled symbol maps (Figure 3 & Figure 4) were generated for both the Vertical and
Horizontal measurements by using the Utilities / Maps / Point Symbols program. Neither of these maps showed
any obvious problems such as outlier points (e.g. transposed coordinates) or striping (e.g. instrumentation
recalibration during survey).
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Electromagnetic Survey
Vertical - Raw Data
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Figure 3. Color-Coded & Proportionally-Scaled Vertical EM Observations
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Electromagnetic Survey

Horizontal - Raw Data
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Figure 4. Color-Coded & Proportionally-Scaled Horizontal EM Observations
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Step 3 — Checking the EM Range

Cumulative frequency histograms (Figure 5) were generated for the Vertical and Horizontal measurements by
using the Utilities / Stats / Histogram Matrix program. Neither of these histograms showed any extreme
anomalies (i.e. readings greater than +/- three standard deviations) suggesting that there are no shallow buried
metallic objects (e.g. sprinkler plumbing, power lines, buried trash) within the survey area.
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Figure 5. Histograms Depicting Vertical (top) & Horizontal (bottom) EM Measurements
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Step 4 — Gridding the Raw Data

The Vertical and Horizontal observation were interpolated into grid models by using the ModOps / Grid / Create
/ XYZ -> Grid program which also created color-coded contour maps based on the grids (Figure 6 & Figure 7).
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Figure 6. Vertical EM Contour Map
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Electromagnetic Survey
( Horizontal Component )
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Figure 7. Horizontal EM Contour Map
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Step 5 — Subtracting the Horizontal Component from the Vertical Component

The Horizontal grid was subtracted from the Vertical grid (Figure 8) on a cell-by-cell basis in order to remove the
shallow “noise” from the Vertical EM model by using the ModOps / GridOps / Math / Grid & Grid program.
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( Vertical - Horizontal ) 3rd-Order Polynomial Trend Residuals

Easting
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
T T T T 1 T 1 T T T T T T T T T 7 T T ] T T 1T T T T 1 T T T [ T T T T T T T T
(=2 b
o e
o o
er e
o =
= =
< <
o= g
= o
er e
o | )]
£ £
g A o=
= s =
o | o
>4 Z
oL -9
@ @
ol 42
© ©
ol o (=2
- A
oL e
o o
oL e
o o
| 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | L I 1 | 1 I 1 | 1 | 1 | I ! I | 1 1 1 |
0.0 20 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0
Easting
0 4 8 20
2 6 10

N

Figure 8. Contour Map Depicting Results of Subtracting Horizontal Grid from Vertical Grid
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Step 6 — Removing the Regional Conductivity Gradient

The initial soil conductivity maps indicate that the regional conductivity is decreasing to the west and
increasing to the east (Figure 9).
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Figure 9. Strong Regional Conductivity Gradient as Shown Within Vertical EM Contour Map
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In all likelihood, the gradient is probably caused by the water table being closer to the ground surface towards
the east (Figure 10).
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4
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!
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Figure 10. Interpretation of Regional Conductivity Gradient

As surface water percolates downward through unsaturated soils, it can pond inside less compacted soils such
as graves. In effect these graves are acting as groundwater sumps. As a consequence, slight anomalies in the
soil conductivity will be superimposed on the gradient curve (Figure 11).
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Figure 11. Higher Conductivities Associated with Saturated Graves Superimposed on Regional Gradient
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These anomalies are more easily identified if the regional gradient is removed. This essentially tilts the gradient
to a horizontal plane (Figure 12).

Initial EM
Profile w/
Regional
Gradient

EM Profile
After
Removing
Regional
Gradient Py Py Py

Figure 12. Removing the Regional Conductivity Gradient

The ModOps / Grid / Directional / Trend Surface Residuals program was used to best-fit a third-order polynomial
surface (i.e. a surface with two bending moments) to the Vertical-Minus-Horizontal EM data. This program then
creates a grid (Figure 13) based on the differences between the observed data and the polynomial surface
thereby effectively removing the regional conductivity gradient.
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Figure 13. Polynomial Trend Surface Residuals
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Step 7 — Removing the Negative Residuals

Given that the negative residuals represent regions of low conductivity, they were removed from the model by
using the ModOps / Grid / Filters / Hi/Lo Filter program. These positive residuals were then standardized by
using the ModOps / Statistics / Standardize program to convert the residual values to represent deviations
from the mean (Figure 14).
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Step 8 — Removing the Negative Residuals

Finally, the ModOps / Grid / Math / Grid & Constant program was used to invert the standardized positive
residuals model to produce a three-dimensional archeological excavation plan (Figure 15).

Figure 15. Archeological Excavation Plan
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Putting it All Together (Automation)

Each of the preceding steps was added to the RockWorks Playlist by clicking on the Add-to-Playlist button within
each of the application menus. The result (Figure 16) is a Playlist that fully automates the previously described
steps.

N 3

RockWorks 2020 ) ® ¥ B & M| 7 [N T
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Figure 16. RockWorks Playlist

The Playlist provides;

1. A one-click method for re-generating all of the models and diagrams in the event that the original data is

changed or extended.
2. Anaudit trail to quickly determine exactly what parameters were used to create the models and diagrams.
3. Atemplate that can be used for other projects by simply changing the Datasheet.
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