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Abstract

 Over the last ten years, archaeological excavations 
have shown that few settlement structures are identifiable 
in the geological layers in which Nok Culture material 
is found. The only regularly occurring features are pit 
structures. Geophysical methods (magnetic prospection) 
have been applied to detect geophysical anomalies other 
than the pit features, which were then excavated to provide 
interpretations about their characteristics and function. 
Geophysical research has demonstrated the applicability 
of the method and to allow its further development. It has 
yet to identify settlement structures other than the already 
known pit features, but, in combination with large-scale 
excavations, the method has revealed the absence of 
extensive anthropogenic soil interventions during the 
Nok Culture period. 

Introduction

 The Nok Culture developed in what is today Cen-
tral Nigeria and existed from 1500 BC until 1st century 
AD (Franke 2015). The distinctiveness of the Nok Cul-
ture lies in its impressive terracotta figures. These elabo-
rate clay sculptures are some of the earliest African figural 
sculptures and have interested archaeologists since their 
discovery in mid-20th century (Fagg 2014). In addition, 
evidence of iron metallurgy found in the 1960s (Tylecote 
1975) dating from about 500 BC is among the oldest in 
sub-Saharan Africa, increasing the distinctiveness of the 
Nok Culture. 

 Except for these two features, little was known 
about the Nok Culture prior to the beginning of intense 
research by Frankfurt archaeologists about 10 years ago. 
While various aspects of the Nok Culture can be perceived 
based upon new data yielded by extensive excavations, 
information about settlement structures is scarce and 
hinder the understanding of how Nok communities were 
organised (Rupp 2014: 138-149). After the excavation or 
testing of 79 sites, 57 of which were identified as Nok 
(Franke 2015), it became clear that settlement features are 
rare and difficult to identity. The most common are pits 
that can be up to two metres deep, their fill comprising 
potsherds, terracotta fragments, and stone artefacts, 
mixed with charcoal. In addition, stone features such 
as pavements and piles of unknown function were also 
identified. Archaeological structures can also be identified 
by artifact concentrations (from 50-500 finds per m2), 
indirect evidence of features. Since wood, which could 
identify buildings, has not survived (Breunig 2009: 351), 
occasional finds of burnt daub with wattle impressions are 
the only remains that point to house construction. 

 Because the pits, stone settings, and remains 
of wattle and daub did not provide a deeper insight 
into the space organisation of Nok sites, we employed 
magnetic survey, which has long since been established 
in archaeology (Scollar 1990; Clark 1996), to identify 
features. Magnetic methods allow for the identification 
of archaeological structures that have enough magnetic 
contrast in relation to the surrounding soil. Thus, as 
demonstrated by many cases worldwide, magnetic 
prospection can yield data about the size of archaeological 
sites, as well their spatial organization, and possible 
human activities, that may be difficult to identify only 
with traditional excavations. 

 The first magnetic test measurements were taken 
by M. S. Tite at the Nok site of Taruga as early as 1966 
(Tite 1966). He surveyed an area of about one hectare, 
resulting in the discovery of 60 anomalies of unknown 
type. Posterior excavations revealed that nine of these 
anomalies were remains of iron-smelting furnaces, 
while the majority of the remaining anomalies were only 
strongly magnetic rock (Tite 1966: 29).

Research area and its geological content

 All the sites prospected and mentioned in this ar-
ticle lie within the project’s key research area around the 
village of Janjala (Figure 1). The area is located on the 
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Figure 1: Geographical location of the sites of Daji Gwana (2011/40), Doguwa 1 (2010/1), Ifana (2011/48), Janruwa C 
(2010/4), Sabon Janruwa (2011/66), Kasangwai 2 (2011/53), Gidan Hardo (2011/84), Pah Sarki (2011/61), Taka Lafiya 
(2011/67), Utak Kamuan Garaje Kagoro (2008/5), and Pangwari (2012/34).

southern fringes of the Kaduna Plains in Central Nigeria. 
The physical geography of the Kaduna Plains is charac-
terized by occasional occurrence of distinctive rocky hills 
and “inselbergs” that tower over the surrounding land-
scape. Most of the area lies between 600 and 800 m a.s.l. 
with scattered hills rising 50-200 m above the surround-
ing landscape.  In this region, the bedrock was formed 
by magmatic and metamorphic processes during the Ju-
rassic and Precambrian periods. In the southern regions, 
younger (quaternary) rocks can also be found. The most 
common are gneiss, igneous rock, slate, and quartzite in 
various forms. Quartzite is found in linear ridges; granite 
and gneiss mainly in the form of inselbergs. In the south-
eastern region of the Kaduna Plains, lava rock, mostly ba-
salt, rich in magnesium minerals is also commonly found 
(Wall 1979: 13-14). However, the sites chosen for mag-
netic prospection are located further north, more than 50 
km from the areas containing volcanic rock. 

Magnetic prospection

 Method: Two large-scale excavation campaigns 
were carried out in February/March 2011 and December 
2012/January 2013, during which eleven sites were pros-
pected using  magnetometry. The surveyed sites (Daji 
Gwana, Doguwa 1, Ifana, Janruwa C, Sabon Janruwa, 
Kasangwai 2, Gidan Hardo, Pah Sarki, Taka Lafiya, Utak 
Kamuan Garaje Kagoro, and Pangwari; Figure 1) repre-
sent about 3% of the more than 300 sites recorded in the 
research area. The total area magnetically surveyed spans 
about 18 hectares and provides first subsurface insights 
into these sites and their surroundings. The magnetic 
measurements were conducted with a Foerster fluxgate 
magnetometer, with three vertical gradiometers sets in a 
horizontal distance of 0.5 m. With a range of 0.1 nT – 
10.000 nT this instrument measures the vertical extension 
of a magnetic field. 



NYAME AKUMA No 87. June 2017

48

             All the sites were surveyed using a standardised grid 
with sampling intervals of 25 cm with traverse intervals 
of 50 cm. The data collected has been plotted through 
digital imaging, using the contouring and 3D surface 
mapping software Surfer 9. We used the magnetogram 
(greyscale map) as digital imaging. After considering 
landscape features and possible external influences, the 
archaeological interpretation was done using ArcGIS 10, 
which produced a digital plan of anomalies to compare 
with data collected (topography, geology, geophysics).

 Below, I examine sites that differ in location and 
produced different results. At all the sites, anomalies were 
also tested though excavations. In Kasangwai 2 and Jan-
ruwa C it was possible to prospect individual features 
successfully, whereas at Pangwari no such features could 
be identified due mainly to heavy disturbances caused by 
strong magnetic geological background.

Results

Kasangwai 2

 The site of Kasangwai 2 is situated in an open 
and flat landscape, thus being best suited for magnetic 
prospection. With an area of 53.550 m2, it is the largest 
site prospected by the project. When compared with other 
sites, the overall measured gradient shows a magnetic 
field with an amplitude of ca. ± 200 nT. In other sites lo-
cated at a higher altitude, the levels rise to up to ± 3000 nT 
(Figure 2).  

 The image of the anomalies shows several lin-
ear structures that cross the surveyed area and can be 
separated into two groups: 1) linear anomalies; and 2) 
round anomalies. The first group of anomalies compris-
es straight structures running in a north-south direction 
(Figure 2, 1). Such structures were found in the excavated 
trench (Figures 3, blue: excavation trench) and are of no 
archaeological relevance. Instead these anomalies are of 
natural, probably geological origin. The another group 
of linear anomalies, consisting of significantly narrower, 
linear structures (Figure 2, 2)  shows some geometric pat-
terns, and were likely formed during lightning strike. Such 
anomalies have been recorded during magnetic prospec-
tion (Jones and Maki 2005) as open terrain with no veg-
etation favours lightning which strikes directly onto the 
ground and contrast with sites with trees or groups of 
trees. 

 The second group of anomalies shows a weak 
magnetisation, which can be interpreted as positive anom-
alies areas in the magnetogram (Figure 2, 3); the struc-
tures belonging to this group are relatively small (one to 
two metres in diameter). Such anomalies are significant 
to prehistoric archaeology because they often indicate 
settlement features, such as pits.

 One linear anomaly in the form of a rectangular 
structure of 90 x 13 metres poses an especially compelling 
problem of interpretation in the magnetogram. In approx-
imately the eastern end of rectangular structure another 

Figure 2:  Kasangwai 2. Greyscale map. Measurements -5/+5 nT in 256 grey scale (black/white, linear). Sensitivity 0.1 
nT. Grid 0.25/0.5 m.
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Figure 3: Kasangwai 2. Section of the magnetic gradiometry survey map showing magnetic anomalies and archaeologi-
cal excavation trenches (green: archaeological feature; blue: excavation trench; yellow: rectangular structure; red: oval 
structure). 

smaller oval positive (white in magnetogram) anomaly is 
visible (Figure 3, red marked in the interpretative draw-
ing). An excavation was carried out to clarify the struc-
tures’ characteristics. The oval, positive anomaly was a 
concentration of potsherds close to the surface; but the ex-
cavation results were not enough to clarify what was/ the 
function of the linear rectangular structure. This type of 
anomalies seems to represent near-surface concentrations 
of potsherds, which may be indirect evidence of pits. As a 
result of the magnetic data we were able to identify pits at 
this site. During prospection, excavations were also con-
ducted outside the surveyed area (Figure 3). In the 6 x 12 
m trench, the Nok research group found seven pits filled 
with ceramics. Excavated features also identified in the 
magnetogram could perhaps be identified as pits. How-
ever, it may not be the case that all anomalies are pits. 

Surface rocks and laterite incrustations can also be the 
cause of these anomalies. Furthermore, smaller anomalies 
could also be hidden by the larger linear anomalies and 
therefore, remaining undetected.

Janruwa C

 The site of Janruwa C is located on flat terrain; 
thus, the conditions for magnetic prospection seemed 
better than at Kasangwai 2. The site is separated from a 
close-by perennial stream by a steep slope of up to 5 me-
tres high. The surface is partially covered by trees while 
another part is used for agriculture. The 2010 excava-
tion yieled more than 10,000 finds and eight features in 
a trench of 8 x 12 m. Due to the large amount of artifacts 
and to the fact that the terrain is flat it seems to have the 
appropriate conditions for geophysical prospection. In the 
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spring of 2011, a magnetic survey was conducted in an 
area of 8,680 m2.

 The resulting image of anomalies of the vertical 
gradient shows anomalies with different characteristics 
distributed throughout the surveyed area (Figure 4, A). 
Before analysis, possible modern culprits were deter-
mined and excluded from archaeological interpretation. 
Such an anomaly is visible in the area of 1. The reason for 
the regular magnetic pattern is the profound disturbance 
of the natural ground by yams cultivation. The anoma-
lies at 2 and 3 could be of archaeological relevance. 
Anomalies group 2, features several positive anomalies 

of a roundish shape, forming a geometric pattern. Such 
anomalies are quite common in the magnetic prospection 
of settlements; they are often interpreted as pits. Another 
set of anomalies (Figure 4 A, 3) has the same attributes as 
2, but is larger and of irregular shape. These anomalies, 
too, could be pits of different sizes.    
The 2010 excavation unit is also visible in the magne-
togram as a negative linear anomaly (Figure 4 A/ 4). 
Anomaly 5 (Figure 4 A) represents a complex structure. 
Besides a large number of weak magnetic anomalies, a 
very large, elongated, rectangular structure is discernible 
which could be interpreted as the outlines of a building or 
compound. The anomaly has a mean amplitude of about 
-4 to +4 nT. The structure has a floor area of 800 m2. In its 
geometrical centre there is a group of smaller anomalies 
giving ample scope for interpretation. It could consist of a 
concentration of stones or a spot that was exposed to heat. 

 Two test excavations were conducted to investi-
gate anomalies: Janruwa D and Janruwa E (see Figure 5 
for their location). Unit Janruwa D was meant to verify 
whether the anomalies of group 3 were indeed settlement 
pits. Directly below the 20 cm thick topsoil consisting of 
sandy-humous material was a laterite crust.

 Unit Janruwa E was laid out to cut two anomalies 
in the area of 2 (Figure 5). It soon became clear that they 
represented pits that were up to one metre deep. The up-
per half of the pits was filled with a dense layer of mostly 
plate-shaped stones. Below, the infilling of the pits con-
sisted of a mixture of potsherds and charcoal.

Pangwari

 The site of Pangwari is situated about 8 kilometres 
northwest of Janjala in a saddle position between two 
hills. Pangwari is the first and so far only completely 
excavated Nok site, offering the unique opportunity to test 
all magnetic anomalies by excavation. For this reason, 
the whole area underwent magnetic prospection before 
excavation started. 

 The site has not been damaged by illegal excava-
tions and has largely not been used for farming. The mag-
netic prospection was conducted in December 12, 2012 
as a pre-requisite for the planned excavation. A total area 
of 3,111 m2 was investigated. The overall image of the 
measurement shows a variety of anomalies in a turbulent 
magnetic field. In general, the anomalies can be divided 
into three groups based on their characteristics (Figure 6): 

Figure 4: Janruwa C. A: Greyscale map and measure-
ment results. Measurements -3/+3 nT in 256 grey scale 
(black/white, linear). Sensitivity 0.1 nT, grid 0.25/0.5 m.
B: rendition of measurement results.1 (hatched in yel-
low) – yam field; 2 (red) – possible pits; 3 (green) – 
possible larger pits; 4 (blue) – old trench; 5 (hatched in 
orange) – possible farmstead. 
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Figure 5: Janruwa C. Excavating magnetic anomalies. Red: features (pits); blue: excavation trenches. Excavation photos 
courtesy of N. Rupp.

the linear anomaly 1 and the small-scale anomalies 2 and 
3 that vary in size.

 The linear structure (1) runs undulating through 
the whole area. In some spots where this linear anomaly 
is seen, the bare rock protrudes from the ground (with 
almost no sediment preserved). Thus, a natural, geologi-
cal origin of this anomaly is obvious. The other groups of 
anomalies are simple dipoles, small-scale objects distrib-
uted over the measured area. They possibly represent find 
concentrations (burnt clay or pottery) or stone fragments 
with high remanent magnetization (e.g. granite, gneis). 
The unfavourable geological position and the near-sur-
face bedrock make the archaeological interpretation of 
the measurement results difficult. To deduce archaeologi-
cal features from the magnetogram is virtually impossi-
ble. Nevertheless, the anomalies in the area of gradient 3 
could be pits. The results of the prospection in Pangwari 

are typical of areas in slope or saddle positions, where due 
to the inclination heavy erosion takes place.

Conclusion

 It has been suggested that because of the angle 
of dip magnetic prospection could not be conducted near 
the equator; the magnitude of anomalies is considered too 
small (Fassbinder and Gorka 2011; Jacobs 1987). Our 
measurements have shown that this is not too much of a 
problem. Already earlier, measurements in the Chad Basin 
revealed clear magnetic structures, indisputable reflecting 
human activities and archaeological features (Magnavita 
and Schleifer 2004; Magnavita et al. 2009). 

 Felsic intrusive rocks like granites which occur 
most abundantly in the research area show hard NRM. 
The source of this magnetisation is fine-grained magne-
tite contained in the rock. Granite is not as magnetic as 
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basalt which does not occur here and mostly contains 
titanomagnetites (Dunlop and Özdemir 1997:412-418). 
However, granite and its metamorphic forms like gneis 
show strong magnetisation. At the site Janruwa C for in-
stance, every rock that lies visibly on the surface or un-
derground causes a small anomaly. Whether the anomaly 
results from a feature or a natural rock formation cannot 
be clarified without excavating. Another difficulty was to 
achieve sufficient contrast to the surrounding soil material 
or geologic background. This problem occurred especial-
ly at sites that were strongly eroded due to being located 
on a slope and where the bedrock lay very close to the sur-
face (for instance at the Pangwari site). Magmatic rocks 
show strong dimension of 1000 nT and more. Settlement 
structures like pits, however, display anomalies between 
1 to 5 nT. It therefore is possible that weaker anomalies 
are covered by stronger ones and remain hidden. The in-
vestigations have shown that natural stones and archaeo-

logical features cause magnetic anomalies which cannot 
be distinguished.

 Despite indications that wooden constructions 
existed, no wooden remains were found during excava-
tion. Even though magnetic prospection is usually able 
to detect such structures (Neubauer 2001), none could 
be detected during survey in Nigeria. In an anaerobic 
environment certain soil bacteria that are involved in the 
decomposing of subterraneous wooden structures (e.g. 
posts) form magnetic iron oxide crystals in their bodies. 
However, the magnetisation of these anomalies is very 
weak and a good contrast to the surrounding material is 
needed to measure the signal (Fassbinder 1994).

 Although archaeological structures like pits 
could be detected through magnetic prospection at Nok 
sites, the expanse of Nok sites remains unknown. Mag-

Figure 6: Pangwari. Greyscale map and measurement results. Measurements -10/+10 nT in 256 grey scale (black/white, 
linear). Sensitivity 0.1 nT, grid 0.25/0.5 m. 
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netic prospection at settlement sites can provide informa-
tion on whether the settlement is compact or scattered, 
consisting of a village or various farmsteads (Magnavita 
et al. 2009). In spite of surveying a sufficiently sized area 
at each site, no statements can be made concerning settle-
ment structure.

 By all appearances prospection strategy and pro-
cedure has to be rethought and newly designed. Accord-
ing to the current state of knowledge the Nok Culture ex-
pands in an area of more than 50,000 km². Geophysical 
prospections on the other hand have yet only been car-
ried out in the key study area around Janjala. This region 
and the eastern and north-eastern zones of the Nok Cul-
ture area are situated in the physiographic region of the 
Kaduna Plateau. Investigations of sites that are located 
in other physiographic regions like the southern plains, 
where completely different geologic and geomorphologic 
conditions prevail, could deliver illuminating results.
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