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Abstract Investigating household space at urban sites presents a number of challenges from complex archaeological stratigraphies to different taphonomic
processes and preservation conditions. Over the last decades, geoarchaeology has been furthering new methods and approaches to investigate the (micro-)context
and processes associated with household space through the study of activity markers. Geoarchaeological methods are now routinely applied in urban sites, but
these are seldom tightly integrated within the whole research process and, instead, are often performed as specialised studies. To bring research forward, this paper
draws from recent work at a Swahili urban site to illustrate the potential and challenges of an integrated geoarchaeological approach to the study of household
space. The site of Songo Mnara (14th–16thc. AD) thrived as a Swahili stonetown off the coast of Tanzania. Here, our work has concentrated on the study of coral-
built houses and wattle-and-daub structures via large-scale excavations, artefact distribution, context-specific soil micromorphology, and systematic soil chemical
mapping (ICP-AES) to identify and interpret activity markers in different indoor contexts. In this paper, we discuss what this analysis can add to our knowledge of
household at the site of Songo Mnara, and the implications for studies of urban sites elsewhere in the region.
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Fig. 5 View and plan of SM032. ICP-AES results and division of indoor and outdoor space.

Fig. 4 Plans of Houses 44 and 23 (after Wynne-Jones 2013).
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Fig.2 Plan of the stonetown at Songo Mnara

1. Urban space in Swahili stonetowns: Songo Mnara
On the eastern African coast, port towns and emporia were engaged in the Indian Ocean trade system of the 2nd millennium AD. In these
towns, houses and mosques built of coral rug and lime mortar are found together with wattle-and-daub houses. The stonetown of Songo
Mnara was built and occupied for about 150 years (late 14th−early 16th c. AD), after which the site was not reoccupied (Figs 1 and 2). Built
on a grand scale, the site preserves impressive standing architecture and stratigraphic sequences (Fig. 3). Since 2009, the site has been the
focus of large-scale excavations and systematic geoarchaeological investigations designed to explore the use of space across a Swahili
stonetown (Wynne-Jones 2013; Sulas et al. 2016). This work has confirmed a single occupation phase and shown that most of the
disturbance of archaeological deposits is associated with post-abandonment structure collapse, vegetation growth and biological activities.
Thus, preservation conditions, solid chronological control of the occupation deposits, complex town layout (monumental houses, smaller
dwellings, mosques, etc.) and open spaces, made Songo Mnara an ideal place to develop and test a new integrative methodology to
investigate activity markers and household space in urban contexts. In this paper, we discuss the results obtained from investigating two
stone-built houses and one wattle-and-daub structure (Fig. 3) to show the challenges and potential of applying an integrated,
interdisciplinary approach to the study of household space in urban contexts.

3. Characterising sediments and archaeological deposits
The coastal and island environment of East Africa is characterised by
tropical climate, coral-limestone geology and a mosaic vegetation
cover with mangrove swamps. On the island of Songo Mnara, the
regional, natural soils and sediments are terra rossa-like sandy loams
originating from the weathering of coral-limestone and characterised
by alkaline pH (>8), low nutrient contents and variable amounts of
metal and trace elements (Table 1). Across the site, the dark brown
silty loam is associated with cultural deposits, including the stone
houses examined here, and is characterised by enhanced levels of
nutrients, metals and trace elements.
House 44 is a single-block structure with five rooms and plastered
floors extending southwards from the entrance (Figs. 3 and 4).
Contextual excavations recorded a thick fill of rubble covering
occupation deposits and floors. In each room, defined areas of small
midden-like deposits were recorded over plastered floors. The only
exception was the back room (SM010) with no plastered floor, but
including a thick midden deposit. House 23 offers a more complex
layout with multiple, interconnected rooms, a monumental staircase
and a stepped, inner courtyard (Fig. 4). Although the architecture is
more elaborate than that of House 44, no plastered floor was present
in the central room where, instead, the floor was made of packed
earth. The room deposit yielded ceramics and spindle whorls, and a
small pit cut into the floor had high charcoal and ash content. The
deposits excavated in the staircase and courtyard returned very few
artefacts and organic remains. Open-air excavation at the wattle-and-
daub house found many parallels with the stone houses, and some
key differences (Fig. 5). The artefact repertoire was similar, with large
numbers of imported ceramics and beads suggesting that the
inhabitants had access to luxury goods. Differences related to the use
of space, with no evidence for cooking or consumption within the
houses; this was presumably done outdoors. In addition, archaeology
revealed that the wattle-and-daub houses were important locations
of craft production; SM032 was a site of aragonite bead production.

4. Results
ICP-AES results from House 44 show increased contents of Ca, Cu, S, and very high
levels of Mg, P, and Sr; and very low amounts of Fe and Mn. Within this general
pattern, a number of differences can also be detected. In the central room
(SM004), for example, the presence of mainly local ceramics, small quantities of
fish bones, and a patch of charcoal and ash concentration, together with
enhanced levels of Cu, Mg, P, and Sr could be indicative of food preparation or
consumption. However, the thin section from this deposit shows plaster
fragments embedded within an ash-rich matrix, suggesting that this space may
have been used for the processing of non-food materials, involving burning (Fig.
6). In the back room (SM010), the midden deposit yielded high numbers of
ceramic vessels and stove fragments, large amounts of mammal and fish bones,
and plant remains, all pointing to food preparation activities. This is also reflected
in the ICP-AES results with very high levels of metallic elements (burning), salts
and nutrients (plants, bones, wood). A trench was also opened to explore the
deposit outside the house along its northern wall. Here, chemical concentrations
are in range with those recorded in the central room: generally depleted levels of
Cr, Cu, Fe, Mn and enhanced contents of Mg, Na, P, and Sr.
House 23 offered a very different picture with generally enhanced levels of
metallic elements (e.g. Al, As, Cr, Cu, Fe, Mn, and Zn). This signature was
particularly marked in the packed earth-floor where a pit with food waste was
also recorded. The thin section from the pit cut revealed a mixed fabric with
abundant organics and burning features associated with food processing and
consumption (Fig. 7). Very different conditions were detected in the inner
courtyard and external staircase: very little artefacts and enhanced
concentrations of metallic elements, Ca, P, and Sr, suggesting that these spaces
were kept relatively clear from foodstuff.
The wattle-and-daub house was marked by a high concentration of Ag and
enhanced levels of Ca, Co, Cu, Mg, Na and Sr; and, depleted contents of common
nutrients (Fe, K, Mn, P, Zn) (Fig. 5). The floor under the daub yielded high amounts
of metallic elements (Au, Co, Cu, Pb) and lower contents of salts (Ca, Mg, Na). The
floor beyond the daub spread showed an almost opposite pattern with high Ca,
Mg, Na, and S. And, more importantly, it was distinct from the general chemical
signature found in that area of the site – at the cultural level.

5. Household space
Indoor and outdoor space The distinction between roofed and unroofed space was particularly marked in House 23 and the wattle-and-daub house where unroofed spaces yielded generally enhanced levels of metallic
elements and lower concentrations of plant nutrients. However, different chemical patterns point to different activities taking place in these houses. In the inner courtyard and external staircase of House 23, enhanced metallic
values match high contents of Ca, P and Sr that may be related to the presence and/or the processing of metal-bearing resource such as metals and pigments. In the unroofed space around the wattle-and-daub house,
enhanced values for Ca, metallic elements (Ag, Co, Cu) and salts (Mg, Na) coupled with depleted concentrations of common nutrients (Fe, K, Mn, P, Zn) point to the presence and/or the use of sea-resources (shells, fish, fishnets,
etc.). But metallic elements and salts may also be associated with tanning, or the use of pigments. Chemical distinction between roofed/unroofed space was less marked in House 44 with generally enhanced levels of plant
nutrients (Ca, Mg, P, Sr) recorded inside the rooms and outside the house.

6. Conclusions
Research at Songo Mnara illustrates the potential and benefits of applying an integrated, contextual approach to household archaeology in urban contexts. Large-scale excavations provided an opportunity to develop a multi-scalar sampling and
analytical strategy for the recovery of activity markers: from artefact distribution and microstratigraphy to chemical mapping. But, it was the interpolation of the results from different methods that allowed a refined interpretation of activity
markers and household space. The main results can be summarised as follows: a) several activities were performed within the stone-houses; b) similar spaces (e.g. central rooms) were used in different ways; c) differences between stone
houses and earthen houses were not hierarchical (elite/non-elite), but functional; d) open-air excavation and high-resolution, systematic chemical mapping were key to define roofed/unroofed spaces and activity areas
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Terra rossa

House 44 House 23 Wattle-
and-daub

Floors Hearths Midden Ext wall Floor Int c-yard Ext Stc

Ag ppm <0.5 <0.5 <0.5 0.5 <0.5 <0.5 <0.5 <0.5 3.1

Al % 1.8 0.3 0.7 1.0 0.5 4 2.2 1.2 1.1

As ppm 10 <5 11 8 7 18 16 11 2.3

Ba ppm 122 20 40 60 60 135 100 125 113

Ca % 14 25 24 20 22 8 14 11 20

Co ppm 3 <1 <1 1 <1 6 2 3 4

Cr ppm 23 7 10 15 9 49 31 31 15

Cu ppm 2 <1 4 4 <1 2 2 3 5

Fe % 0.8 0.1 0.4 0.5 0.3 1.9 1.0 1.0 0.5

K % 0.3 0.7 0.1 0.2 0.1 0.5 0.3 0.3 0.3

Mg % 0.3 0.5 0.6 0.4 0.7 0.3 0.3 0.2 0.5

Mn ppm 193 73 60 132 90 408 250 283 114

Na % 0.1 0.1 0.1 0.1 0.2 <0.1 <0.1 <0.1 0.2

Ni ppm 12 4 8 9 5 29 14 14 6

P ppm 1690 2160 2520 2690 3210 1600 1950 3150 1080

Pb ppm 5 3 5 9 2 13 6 8 7

S ppm <0.1 0.1 0.1 0.1 0.1 <0.1 <0.1 <0.1 <0.1

Sc ppm 3 1 1 2 1 6 4 3 2

Sr ppm 2237 4350 4190 3330 3400 1250 1840 1460 2740

Ti % 0.2 <0.1 <0.1 <0.1 <0.1 0.3 0.2 0.4 <0.1

V ppm 19 4 7 10 7 45 22 25 12

Zn ppm 10 6 12 11 11 15 16 14 8

Table 1 Selected ICP-AES mean values by contexts. Colour shading to show element enhancement/depletion against the terra
rossa-type regional sediment: =general enhancement; =very high/double enhancement; =generally depleted level;
=much depleted/halved levels.

2. Methods
Opportunistic soil sampling was performed within room floors, an external staircase, and a courtyard of the stone-build houses
(n=15 samples). A packed earth floor was revealed in its entirety under a layer of collapse burned daub and sampled for chemical
analysis at 50cm intervals (n=275 samples). A total of 287 sub-samples were analysed using Inductively Coupled Plasma-Atomic
Emission Spectrometry (ICP-AES) to determine 33 elements (Sulas et al. 2016). Micromorphology samples were taken from the
house contexts and thin sections (n=3) were analysed using petrographic microscopes (Sulas and Madella 2012; Sulas et al. 2016).

Activity markers At Songo Mnara, elemental clusters map out activity areas and archaeological deposits both indoors and outdoors: enhanced levels of Ca, Mg, P, S, Sr and depleted concentrations of Al, Ba, Fe, Na, Mn, and Ti occur in the house deposits, though with significant
differences. The enhanced elements are those usually associated with archaeological sites (e.g. Milek and Roberts 2013; Wilson et al. 2008). At Songo Mnara, this cluster of enhanced values reflects the presence and use of sea-related resources together with terrestrial ones as
also reflected in the finds (fish bones, shells, bones, botanical remains) from the house deposits. Many of the elements found in depleted levels here (Al, Ba, Fe, K, and Mn) have been found in elevated concentrations in archaeological sites in continental/temperate regions (e.g.
Milek and Roberts 2013; Ottawa and Matthews 1998; Wilson et al. 2008). In tropical environments, the depletion of these elements may be due to dissolution and/or leaching processes, but this seems unlikely as the same set of elements are found in depleted concentrations
across very different contexts at Songo Mnara. This chemical pattern may be associated to the way in which household space was used and maintained. In House 44, for example, depleted levels of Al, Co, Cr, Cu, Fe, K, and Ni are found both inside the rooms and outside where
relatively little artefacts and organic remains were recorded, suggesting that these space may have been kept relatively clean of household waste and possibly not use for food consumption. An almost reverse pattern is found in House 23, where metallic elements and nutrients
concentrate in the room floor and are associated with food preparation and/or consumption.
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Fig. 6 Top: slide scan and micrograph of midden area
in H44 central room; bottom: slide scan and
micrograph of waste pit n H23 central room. C=coral;
HC=heated coral; B=bone; D=burnt clay.
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