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Potential field derivative techniques are intensively used in various geophysical large-scale 
investigations. The current work applies some of these techniques to small-scale high-resolution 
surveys commonly conducted in archaeological prospection and environmental investigations. The 
techniques include: spatial orthogonal derivatives, analytical signal amplitude (ASA) (Nabighian 
1972; Roest et al. 1992), total horizontal derivative (THDR) (Cordell and Grauch 1985; Phillips 
2000), tilt angle derivative (TDR) (Miller and Singh 1994; Wijns et al. 2005), total horizontal 
derivative of TDR (TDR-THDR) (Verduzco et al. 2004), horizontal tilt angle (TDX) (Cooper 
and Cowan 2006), tilt angle of total horizontal derivative (TAHDR) (Ferreira et al. 2010; Cheyney 
2012; Jacques et al. 2014), and generalized derivative operator (GDO) (Cooper and Cowan 2011). 

A high-density total field magnetic survey was conducted at an ancient Egyptian archaeologi-
cal site located in northeastern Sinai. The region is part of the old delta of the river Nile (Aziz et 
al. 2013). The chosen site was proposed by field archaeologists, aiming to delineate the eastern 
extension of the buried southern wall of Tjarou citadel (Abd El-Maksoud and Valbelle 2005). 
The citadel was erected mainly of mud brick, resulting in a low magnetic susceptibility contrast 
between the buried wall and the surrounding fill (Shendi and Aziz 2010). 

A proton precession magnetometer was used to measure the total magnetic field. The instru-
ment is also equipped with two sensors to measure the vertical gradient of the magnetic field. 
Three squared grids, covering an area of 20 m by 60 m, were laid out. The shortest side of the 
surveyed grids was parallel to the course of the wall: N800 E. Traverses were surveyed perpen-
dicularly to the wall azimuth, and were spaced 0.5 m apart. Measurements were recorded every 
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Fig. 1: a) Total magnetic field anomaly map; b) total magnetic field after reduction to the pole, 
c) actual vertical magnetic gradient measured in the field

Fig. 2: a) �Total horizontal derivative map ( )( ) 2/122)( yTxTTHDR ∂∂+∂∂= ; b) analytical signal 
amplitude map ( ) ( )( ) 2/1222)( zTyTxTASA ∂∂+∂∂+∂∂= , c) tilt angle derivative map 

)/(cos 1 ASATHDRTDR −=  
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Fig.3: �a) Generalized derivative operator 
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are the azimuth and the dip of the filter in the horizontal plane; b) total horizontal derivative 
of tilt angle ( ) ( )( ) 2/122 //_ yTDRxTDRTHDRTDR ∂∂+∂∂= ; c) tilt angle of total horizontal derivative 

( )THDRTDRzTDRTAHDR _)/(tan 1 ∂∂= −  

0.5 m along each traverse. The acquired total magnetic field measurements were corrected for 
the effect of diurnal fluctuations of the Earth’s magnetic field. The corrected data were reduced 
to the pole to eliminate the effect of the inclination and declination of the Earth’s magnetic 
field. Oasis Montaj software was used to carry out the computation of derivatives and illustrate 
the results in black and white shaded relief maps (Figs 1, 2 and 3). 

Examination of derivative mapping revealed more information about the buried sources of anoma-
lies than those deduced from the original total magnetic map or the actual vertical gradient map. The 
spatial derivative map on the Y axis (northward) emphasizes the E–W azimuth of the wall. While both 
the orthogonal derivatives on the Y and Z axes showed that the buried wall had a higher magnetic 
susceptibility than its surroundings. THDR and ASA maps enhanced the edges of the subsurface 
magnetized bodies, and both were invariant with field inclination. Edge enhancement of the THDR 
map was approximately depth independent; while ASA enhanced the shallower and larger objects more 
than the deeper ones. Inflections of the TDR from positive, over the wall, passes through zero, over 
or near the edge, are superimposed by zero vertical derivative and maximum Y horizontal derivative. 
Negative horizontal Y derivative values are outside the source region. THDR contacts that overlie the 
analytical signal amplitudes ASA contacts indicate that the edges of the wall are vertically dipping. 
TDR-THDR and TAHDR show sharper delineation of the edges. GDO produces good horizontal 
locations for contacts and edges, independently of dip, inclination and depth. In addition, it is less 
susceptible to noise, and clarified other buried deeper and smaller walls, even if they have different 
runs, that is, not perpendicular to the direction of the surveyed traverses.



550  | Arcchaeological Prospection 2015

Acknowledgments

The author wishes to thank Dr. Mohamed Abd el-Maksoud (Supreme Council of Antiquities 
of Egypt) for valuable discussion, supporting and facilitating the field survey. Thanks are also 
due Dr James Hoffmeier, Trinity International University, for his encouragement and support.   

References

Abd El-Maksoud, M. and Valbelle, D. 2005. Tell Héboua-Tjarou. Revue d’Égyptologie 56: 1-44.
Aziz, A., Sauck, W., Shendi, E.-A., Rashed, M. and Abd El-Maksoud, M. 2013. Application of Analytic 

Signal and Euler Deconvolution in Archaeo-Magnetic Prospection for Buried Ruins at the Ancient 
City of Pelusium, NW Sinai, Egypt. A Case Study: Surveys in Geophysics 34 (4): 395-411.

Cheyney, S. 2012. 3D quantitative interpretation of archaeomagnetic surveys: application of mathematical 
modelling to determine depths and physical characteristics of buried materials. Unpublished PhD 
thesis, University of Leicester.

Cooper, G. and Cowan, D. 2011. A generalized derivative operator for potential field data. Geophysical 
Prospecting 59 (1): 188-194.

Cooper, G. R. J. and Cowan, D. R. 2006. Enhancing potential field data using filters based on the local 
phase. Computers & Geosciences 32 (10): 1585-1591.

Cordell, L. and Grauch, V. 1985. Mapping basement magnetization zones from aeromagnetic data in the San 
Juan Basin New Mexico: The utility of regional gravity and magnetic anomaly maps. In W.J. Hinze 
(ed.), Society of Exploration Geophysicists, 181. Tulsa.

Ferreira, F. J. F., de Souza, J., de Barros, A., Bongiolo, S., de Castro, L. G. and Romeiro, M. A. T. 2010. 
Realce do gradiente horizontal total de anomalias magnéticas usando a inclinação do sinal analítico. 
Parte I-Aplicação a dados sintéticos. Proceedings IV Simpósio Brasileiro de Geofísica 2010.

Jacques, P. D., Machado, R., Oliveira, R. G. d., Ferreira, F. J. F., Castro, L. G. d. and Nummer, A. R. 2014. 
Correlation of lineaments (magnetic and topographic) and Phanerozoic brittle structures with Pre-
cambrian shear zones from the basement of the Paraná Basin, Santa Catarina State, Brazil. Brazilian 
Journal of Geology 44 (1): 39-54.

Miller, H. G. and Singh, V. 1994. Potential field tilt - a new concept for location of potential field sources. 
Journal of Applied Geophysics 32 (2–3): 213-217.

Nabighian, M. N. 1972. The analytic signal of two-dimensional magnetic bodies with polygonal cross-sec-
tion: its properties and use for automated anomaly interpretation. Geophysics 37 (3): 507-517.

Phillips, J. D. 2000. Locating magnetic contacts: a comparison of the horizontal gradient, analytic 
signal, and local wavenumber methods. Proceedings 70th Annual International Meeting, Society of 
Exploration Geophysics, Expanded Abstracts, 402-405. Calgary.

Roest, W. R., Verhoef, J. and Pilkington, M. 1992. Magnetic interpretation using the 3-D analytic signal. 
Geophysics 57 (1): 116-125.

Shendi, E.-A. and Aziz, A. 2010. Discovery of an ancient pharaoh’s temple on the Horus military road, 
Northern Sinai, Egypt. Arabian Journal of Geosciences 3 (3): 249-255.

Verduzco, B., Fairhead, J. D., Green, C. M. and MacKenzie, C. 2004. New insights into magnetic derivatives 
for structural mapping. The Leading Edge 23 (2): 116-119.

Wijns, C., Perez, C. and Kowalczyk, P. 2005. Theta map: Edge detection in magnetic data. Geophysics 
70 (4): L39-L43.


	Spis treści



