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soil samples from six Bedouin campsites at Wadi Faynan, Jordan, provided insights about anthropogenic enrichment patterns and the effects of short periods of abandonment on these. The compatibility of the two analysis techniques and means to combine the results of both are addressed.
The results of this study suggest that soil signatures can be found in ephemeral sites following
abandonment, even in dynamic and harsh environments. The efficacy of the geochemical analysis
to indicate variance within the data was found to be greater than that of the phytolith analysis in
these case studies, while certain trends within the phytolith results were more useful in identifying specific activities. Due to the compatibility of the geochemical and phytolith data, it is proposed
that a serial or parallel approach should be taken for their statistical analysis.
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1

INTRODUCTION

The division of space within human built environments can inform us
about subsistence and daily activities, and can also reveal a great deal

Ephemeral occupation is characteristic of many pastoral and hunter-

about notions of cleanliness, sacrality or gender, and relationships with

gatherer societies, whose settlement reflects the demands of their

animals or the natural environment (Bourdieu, 1990; Douglas, 1966;

highly mobile lifestyles. These short-lived sites do not often preserve

Parker Pearson & Richards, 1994).

well, yet their remains represent many archaeological periods, espe-

Until recently, most archaeological studies of spatial patterns

cially prehistoric ones. Understanding the way in which ephemeral

of activity areas have focused on reconstructions of the location

sites were used is important for our knowledge of key develop-

of activities based on the distribution of artifacts (Hardy Smith &

ments in human existence, such as the Upper Palaeolithic expansion

Edwards, 2004; Hodder & Orton, 1979; Kuijt & Goodale, 2009; Simek,

of humans into challenging new environments, or the transition from

1987; Whallon, 1973). This approach carries limitations in the form

mobile hunter-gatherer lifestyles to sedentary farming ones during the

of both prior- and postdepositional taphonomic processes influenc-

Neolithic. These, and other periods characterized by ephemeral occu-

ing the location of artifacts, and often portray problematic links

pation, can be difficult to interpret due to the low intensity of occupa-

between the location of artifacts and other contextual, functional,

tion, lack of permanent structures, and related poor preservation of

or chronological evidence (Manzanilla & Barba, 1990; Ullah, Duffy, &

many of these sites and the organic remains of which they comprise

Banning, 2015). The need for geoarchaeological approaches for the

(Banning & Köhler-Rollefson, 1983; Cribb, 1991; Gifford, 1978). Nev-

study of spatial activity patterns at archaeological sites has driven sev-

ertheless, understanding the use of space in ephemeral structures is

eral research projects in the past two decades seeking to test and

vital to their interpretation. This can shed light on past ways of life

apply various microscopic techniques to the study of activity areas,

that are currently underrepresented within archaeological narratives.

such as micromorphology (Banerjea, Bell, Matthews, & Brown, 2015;
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Milek & Roberts, 2013; Shillito & Ryan, 2013), geochemistry (Middleton & Price, 1996; Terry, Fabian, Fernández, Parnella, & Inomata, 2004; Vyncke, Degryse, Vassilieva, & Waelkens, 2011), phytolith
and spherulite analyses (Cabanes, Mallol, Expósito, & Baena, 2010;
Portillo, Kadowaki, Nishiaki, & Albert, 2014; Tsartsidou, Lev-Yadun,
Efstratiou, & Weiner, 2009), and mineralogy (Shahack-Gross &
Finkelstein, 2008). These soil signatures are considered to be less
prone to the effects of cultural or natural postdepositional disturbances that affect larger artifacts, and they generally reflect in situ
activity (Canti & Huisman, 2015). Nevertheless, the influence of formation and taphonomic processes must be considered even for evidence at the microlevel, as emphasized by recent experimental and
ethnographic studies (Banerjea et al., 2015; Cabanes & Shahack-Gross,
2015; Shillito, 2017).
Current publications summarizing developments in the application
of geoarchaeological techniques emphasize the importance of eth-

F I G U R E 1 The locations of the Bedouin campsites in the catchment
area of Wadi Faynan

noarchaeological studies (Friesem, 2016) and a multiproxy approach
(Canti & Huisman, 2015). In accordance with these observations, this

The seasonally occupied ephemeral Bedouin campsites at Wadi

study explores the potential of phytolith and geochemical signatures

Faynan provide an ideal case study for testing the efficacy of geochem-

for understanding the use of space at ephemeral sites through the eth-

istry and phytolith analysis to identify activity areas, because much is

noarchaeological analysis of soil samples collected from six Bedouin

known about the use of space in Bedouin tents. Generally, Bedouin

campsites in Wadi Faynan, Jordan. In addition, by considering the

tents are divided into public male areas (shigg) and private female

variation in length of time after abandonment of the campsites, this

(mahram) areas. The public area is used for hospitality; coffee, tea, or

research aims to increase our understanding of taphonomic processes

food are served to honored guests here, and the central hearth can be

influencing these soil signatures within anthropogenic sites.

used for preparing coffee and sometimes tea, though tea is usually prepared in the mahram and brought to guests. Various household activ-

1.1

Description of sites and field methods

ities take place within the private area, which includes a kitchen with
a hearth which is used for cooking. The use of space within Bedouin

The name “Bedouin” refers to populations across the steppes and

households at Wadi Faynan has both static and dynamic aspects. While

deserts of the Arab world whose lifestyles were traditionally tied to

activities take place within designated areas, each section of the tent

a nomadic, pastoral existence (Na'amneh, Shunnaq, & Tasbasi, 2008;

can change its function throughout the day. For example, the private

Saidel, 2009). The mobility of Bedouin populations has decreased over

area can be used for activities such as weaving, churning butter, or

the past century due to external influences, which led to an increased

entertaining female guests, and will be used for sleeping at night. And

rate of sedentism and modernization, and today herding practices

when guests are not present, the public area is used by all members of

range between transhumance and home range (Na'amneh et al., 2008;

the household.

Palmer, 2002; Saidel, 2009). Ethnoarchaeological studies of Bedouin

The ethnographic soil samples analyzed in this study were col-

campsites became popular in the 1980s as part of efforts to establish

lected from one occupied and five abandoned sites at Wadi Faynan

a better understanding of different aspects of pastoral and nomadic

(Figure 1). The majority of samples were collected as part of an eth-

occupation and to improve our understanding of archaeological pas-

noarchaeological survey of abandoned Bedouin campsites at Wadi

toral communities. These studies provided insights into the mate-

Faynan during 1999–2000, led by Carol Palmer and Helen Smith. The

rial remains associated with the abandonment of pastoral campsites,

aims of this survey were to explore the nature of pastoral activity in

the correlation between the location activity areas and refuse, and

the Wadi during the recent past and assess the potential for identify-

later studies expanded the methodologies used to identify the lay-

ing ancient pastoral activity following abandonment. An initial survey

out of Bedouin sites and formation processes related to their aban-

during April 1999 documented the locations and main architectural

donment (Banning & Köhler-Rollefson, 1983; Goldberg & Whitbread

characteristics (both durable and perishable) of Bedouin tents in the

1993; Saidel, 2001; Simms, 1988). While micromorphology had been

landscape (Figure 2). During the visits, several physical attributes were

successfully applied for spatial analysis of a Bedouin floor (Goldberg &

recorded, including tent size, orientation, position, spatial arrange-

Whitbread, 1993), other geoarchaeology techniques could also carry

ment, and both common and supplementary features such as storage

potential for the study of activity areas in anthropogenic sites. Phy-

facilities or outdoor hearths (Palmer, Smith, & Daly, 2007).

tolith analysis in Bedouin campsites has so far been limited to the

These data were accompanied by narrative accounts given by the

examination of dung samples (Shahack-Gross & Finkelstein, 2008), and

occupants of the area, who provided information about the abandoned

geochemistry has previously only been used to establish the effects of

campsites and the activities that took place at these. The team con-

pollution and waste resulting from ancient mining activities at Wadi

versed with the tent inhabitants in order to gain a better understand-

Faynan (Grattan, Gilbertson, Waller, & Rusell, 2014).

ing of the use of space at these campsites and where possible, about
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F I G U R E 2 Photo of occupied Bedouin tent JTW, with a goat and sheep pen on the left and cleared circular areas marking the locations of old
animal pens in the foreground
Notes. Images of a hospitality hearth and a kitchen hearth can be seen at the bottom left and bottom right (respectively).

the individuals that were living there and the animals owned by them.

occupied site provided a reference point for soil signatures prior to

An accompanying local informant, Jouma’ ‘Aly Za'noon of the ‘Azazma

abandonment, to compare to the abandoned sites in order to observe

tribe, assisted with this (Palmer et al., 2007).

the influence of taphonomic processes. The additional campsites were

During 2000 the same campsites were revisited and studied in

sampled in May 2014 at Wadi Faynan (JTW and JTS, see Table 1 and

greater detail. An artifact distribution study was undertaken, and

Figure 3) by Daniella Vos, Carol Palmer, and Jouma’ ‘Aly Za'noon. The

the soil samples analyzed in this study were collected from chosen

sample collection strategy followed that of the ethnoarchaeological

sites (Palmer & Daly, 2006). The sampling was aimed at capturing the

survey carried out by Carol Palmer and Helen Smith (Palmer & Daly

soil signals of the activity areas at each campsite. Sample locations

2006; Palmer et al., 2007) as closely as possible, and the same context

included the kitchen and hospitality hearths, animal pens, animal pen

categories were used. As the tents were occupied, or very recently

floors, floor spaces in the hospitality area, and the private activity

abandoned during sampling, understanding how different localities

area and kitchen (Figure 3). In addition to these, three background

were used was straightforward as features were still recognizable in

samples were taken for each site from areas considered to reflect low

the field, and samples taken from the animal pens could be described

human presence within approximately 40 m from its perimeter. The

in detail.

number of samples varied according to the available features at the
sites, ranging from 7 to 34. The soil was collected using a clean trowel
and bagged in plastic sample bags by Helen Smith and Carol Palmer
for the sites WF916, WF940, WF953, and WF982 (Table 1). The
amount of soil varied for each sample, some of the dung and hearth

2
2.1

METHODS
Laboratory methods

samples containing around 15 g of material, while others weighing

The geochemical analysis in this study focused on the following

approximately 40 g. The type of occupation and a schematic site plan

chemical elements, measured in parts per million (ppm): magnesium

were recorded for each campsite, including the available features such

(Mg), silicon (Si), potassium (K), calcium (Ca), phosphorus (P), iron (Fe),

as hearths and animal pens.

titanium (Ti), manganese (Mn), aluminium (Al), strontium (Sr), sulphur

In addition to the material obtained in 2000, this study includes

(S), chlorine (Cl), zinc (Zn), and zirconium (Zr). The analysis was per-

samples from one campsite, which was occupied during sampling and

formed using a Thermo Scientific Niton XL 3t Goldd+ (geometrically

one which was briefly abandoned. Incorporating samples from an

optimized large area drift detector) handheld XRF analyzer (pXRF),
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F I G U R E 3 Plans of the Bedouin campsites at Wadi Faynan (plans of WF953, WF940, and WF982 after Palmer et al. 2007; 381–387. Plans of
WF916, JTS, and JTW created by DV based on schematic drawings made in the field)

with an Ag anode 50 kV, 200 𝜇A tube. A helium purge was used in

ranges was adjusted to achieve the following settings: the main range

order to lower the detection limits for light elements. The samples

was run for 40 s, the high and low ranges for 30 s each, and the light

were placed in 9 mm plastic cups, covered with a thin polypropylene

element range for 80 s to allow for reliable readings for elements on

film, and analyzed using a mobile test stand in order to provide

the edge of the detection limits of pXRF such as Mg and P. In total, each

reproducible measurement conditions. The pXRF machine was set

reading took 180 s. The helium was allowed to flow into the machine

to the “mining Cu/Zn mode” and the exposure time for each of the

approximately 10 min before the first samples were run.
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TA B L E 1 Description of the Bedouin campsites at Wadi Faynan and
sampled features

Site

Duration of
abandonment

WF916

Three years

WF940

One year

Description
Winter campsite, sampling included
substantial stone-lined hospitality
hearth, kitchen hearth, outdoor goat
pen, gully, floors.
Temporary occupation, no division
between hospitality and private areas.
Sampling included single hearth
(remains of older hearth visible),
indoor dung spread, gullies, floors.
This campsite was previously
published as WF942.

One year

Winter campsite, sampling included
hospitality hearth, kitchen hearth,
indoor dung spread, gullies, floors.

WF982

Approximately
15 years

Likely occupied during a number of
winters, duration of occupation
unknown. Sampling included:
hospitality hearth, kitchen hearth,
dung spread outside tent outline.

JTW

Six months

Occupied

Statistical analysis

Separate databases for geochemical and phytolith data were created

WF953

JTS

2.2

for each site, and a combination of sites, using IBM SPSS statistics
version 23. The geochemical database included the readings of
the chosen elements (see previous section) for each sample, which
contained error readings of ≤3%. Other elements containing error
readings (two-sigma precision) of ≥10% were excluded from the
analysis. An exception to this rule was made for Mg, Mn, and Zn, which
contained error readings of 20, 23, and 13% (respectively), but was
kept in the analysis as they are valuable indicators of anthropogenic
activities. The phytolith database included the morphological categories used in the counting sheets and additional variables calculated
from the raw data: dicots, monocots, single cell, multicell, Panicoideae,
Pooideae, Chloridoideae, Arundinoideae, Palmaceae, Hordeum sp.,
Triticum sp., leaf, leaf/husk, leaf/stem, husk, awn, weight percent of
extracted phytoliths, and number of phytoliths per gram. As the total
number of fields of view varied per slide, the data were transformed to
percentages in order to enable a comparison of the slides, which is not

Summer campsite, in use for the past
three years. Private area and kitchen
were indoors, hospitality area and
hearths were outdoors. Sampling
included two hospitality hearths,
kitchen hearth, outdoor sheep and
goat pens, floors.

affected by the amount of counted fields. This was done by dividing

Winter campsite, occupied by the family
previously housing WF953. Sampling
included hospitality hearth, kitchen
hearth, outdoor sheep and gat pens,
gullies, floors.

relative weight of different phytolith types of silica aggregate material,

the number for each counted category by the number of phytoliths
counted for the relevant slide, and then multiplied by 100. The number
of phytoliths per gram of sediment was calculated in order to get
an estimate of the amount of phytoliths, which is not biased by the
using the following formula:
Number per slide = (phytolith count/number of counted fields)
× total number of fields on slide

One silica (blank) standard and three National Institute of Stan-

Number per gram

dards and Technology (NIST) standards were analyzed using the
same setting as the soil samples during each analysis session; SRM
2711a (Montana II soil), SRM 2709 (San Joaquin soil), and SRM 1646a
(Estuarine sediment). Precision of all elements measured within the
NIST standard reference material in this study was better than 5%

= (number per slide/mass of phytoliths mounted in mg)
× (mass of phytoliths extracted in mg/total sediment weight in mg)
× 1000

when present at more than 5%, except for: Mg, P, and Mn (for a list of
precision calculation for NIST standards see Supporting Information).

The data were explored using box plots and bar charts that were

For Mg precision was only measured for concentrations below 5%

created for every variable and for related variables (such as plant parts

and was above 10%, for P precision exceeded 5% when present above

or genus categories). When analyzing the results, it became clear that

8%, and precision for Mn was better than 10% for concentrations

several categories plotted very similarly, in most cases these were vari-

above 5%.

ations of floor surfaces. For example, samples collected from the edges

Phytolith extraction was performed using the dry ashing method,
where the soil sample is burnt in a muffle furnace in order to remove

of hearths did not differ from the general floor samples, and so were
grouped under the floor category.

organic matter and isolate phytoliths (Rosen, 1992). Slides containing

Principal component analysis (PCA) was run in SPSS using the cor-

the phytolith material were counted using a Meiji infinity polarizing

relation matrix, a method which standardizes the variables. No rota-

microscope at a magnification of ×400, using a modern Jordanian phy-

tion was applied to the analysis, and the components were extracted

tolith reference collection prepared from plants collected in Jordan

based on eigenvalues greater than 1, and saved as variables based on

(housed at Bournemouth University and the CBRL British Institute in

regression. Discriminant function analysis was carried out with the

Amman). At least 250 phytoliths were counted per slide, and the entire

independents entered together and the prior probabilities computed

slide was counted if this amount was not reached. The counted quan-

from group size, including leave-one-out classification in the display

tities of different phytolith types and (when relevant) taxa were doc-

option. A two-tailed Pearson correlation test was run with variables

umented on a tally recording sheet. The names of the phytolith types

from both the geochemical and phytolith analyses in order to identify

followed the International Code for Phytolith Nomenclature (Madella,

patterns that could influence the results of the PCA analysis. In addi-

Alexandre, & Ball, 2005).

tion to these analyses, decision trees were applied to the geochemical
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readings, phytolith counts, and to a database combining variables from

would occur in the other chemical elements and phytolith attributes

both methods. This was done in order to understand and visualize how

measured in this study over longer durations of abandonment than

well the data are categorized into activity areas, and which variables

the 15 years represented at the Wadi Faynan campsites studied here.

are important within this classification. The decision trees were cre-

Generally, most geochemical taphonomic processes are slow, although

ated in Weka version 3.6.13 software, using the standard settings for

anthropogenic impact can speed them up in some cases (Mulder &

classifier J48.

Cresser, 1994).

3

RESULTS

3.2

Phytolith analysis

Trends seen within the phytolith analysis results are more variable and

3.1

Geochemical analysis

site specific than the geochemical patterns, as was the case in previous
phytolith studies of spatial patterning (Portillo et al., 2014; Shahack-

The geochemical analysis of the Wadi Faynan campsites revealed pat-

Gross, Marshall, Ryan, & Weiner, 2004; Tsartsidou, Lev-Yadun,

terns of enrichment and depletion in the context categories most

Efstratiou, & Weiner, 2008). Nevertheless, some general observations

affected by human activity; the hearths, dung sediments, and, to a

can be made regarding the nature of anthropogenic input at the

lesser degree, the animal pen floors (Figures 4 and 5). The floor and

Wadi Faynan sites through phytolith analysis. A two-tailed Pearson

gully samples plotted similarly to the background samples in the PCA

correlation test (Table 3) shows a strong association between chemical

scatterplot (Figure 6). The highest concentrations of Mg, Ca, Mn, S, and

elements characteristic of anthropogenic enrichment and, among

Sr among the context categories were found in the hearths, and Zn was

others, the phytolith analysis categories monocots and multicelled

selected by the decision trees as the best distinguishing factor between

phytoliths. High concentrations of these two variables in comparison

kitchen and hospitality hearths (Figure 7). High concentrations of K,

to the opposed variables dicots and single-celled (respectively) are

P, and Zn were characteristic of both hearths and animal dung. How-

found in the hearth and animal dung contexts (Figure 9). The largest

ever, while the highest concentrations of K were either associated with

weight percent or number of phytoliths per gram is associated with

hearths or dung, depending on the site, P and Zn were highest in the

either the hearths, animal dung, or animal pen samples—this varies

fireplaces of all sites except for WF916 where dung samples contain

among the individual sites (for details see Vos, 2017).

higher elevations of these elements.

The average percentage of degraded phytoliths is highest in the con-

Animal dung at the Wadi Faynan sites also contained the high-

text categories background, floor, and animal pen floor at WF982, the

est concentrations of Cl, followed by the enrichment in hearths in all

campsite with the longest duration of abandonment (Figure 9). The

sites but WF916. The concentrations of this element, however, were

floor and background samples were also the context categories that

found to diminish over time. Ti, Al, and Fe were abundant in the back-

contained the largest fraction of degraded phytoliths in the other sites.

ground and floor-related samples, the latter containing slightly higher

The general composition of phytolith morphotypes is similar in all sites

concentrations of Cl, which allowed us to distinguish them from the

except for WF916 (Figure 9). The variation in concentrations of mor-

natural sediment. These observations agree with findings of earlier

photypes among sites does not seem to correlate to duration of aban-

studies—Table 2 summarizes the associations between chemical ele-

donment.

ments and anthropogenic activities found in several previous studies
and in this research. The decision tree created for the geochemistry
results (Figure 7) provides an overview of the role that different ele-

4

DISCUSSION

ments play within various activities. Sr divides the hearths from the
rest of the samples, indicating that the hearths comprise the most dis-

The dual geochemical–phytolith method used in this study was able to

tinctive traces of activity. K is used to separate between the dung and

identify several correlations between known activities and soil signa-

pen samples, after these two contexts were differentiated from the

tures present at ephemeral sites prior to abandonment. Hearths were

other samples through Mg.

found to be the most visible, with the highest concentrations of Mg, Ca,

The variation in abandonment episodes among the Bedouin camp-

Mn, S, and Sr, and contained large amounts of monocot and multicelled

sites allowed this study to explore patterns of short-term dissolution.

phytoliths. Animal dung had the highest enrichment of Cl, K, P, and Zn,

The only geochemical elements that were found to suffer from a reduc-

and contained high concentrations of monocots and multicelled phy-

tion in their concentrations within the 15 years of difference in dura-

toliths. Animal pen floors at Wadi Faynan portray the same type of

tion of abandonment are Cl and K (Figure 8). The clearest deteriora-

anthropogenic enrichment as dung layers, but to a lesser degree, and

tion effect can be seen within the dung samples. The depletion of Cl

plotted between the dung and floor samples in the PCA scatterplots.

and K through time could reflect the effects of exposure to sunlight

Floors and gullies contain no elevations in the anthropogenic chemical

and rain, mainly affecting outdoor animal pens, but also indoor areas

markers described above such as Mg, P, K, Mn, Sr, and Ca, or the phy-

after abandonment and removal of the tent. The depletions could also

tolith categories related to anthropogenic input such as high levels of

have resulted from anthropogenic inputs of decomposing organic mat-

monocots and multicells. Unlike floor areas that have been described

ter and urine through animal dung, and water from household activities

as high-traffic zones (Middleton, 2004; Vyncke et al., 2011), the floors

such as cleaning (Brito, Telles, Schnitzer, Gaspar, & Guimarães, 2014;

and gullies at Wadi Faynan do not show signs of a depletion in concen-

Petrucci, 2007; Sconce, 1962). It is difficult to estimate which changes

trations of chemical elements. They plot similarly to the background
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F I G U R E 4 Average measurements in ppm for all samples within all of the sites per context category for the following chemical elements: (a) Mg,
(b) Si, (c) K, (d) Ca, (e) P, and (f) Fe
Notes. Context categories abbreviations: AP, animal pen; AD, animal dung, KH, kitchen hearth, HH, hospitality hearth, F, floor, G, gully, B, background.

samples that suggest that signatures of activity remained local and

as fuel in the hearths, to the contexts mostly affected by anthropogenic

did not spread out across the floor surfaces. While Ti, Al, and Fe were

behavior—hearths and animal enclosures (Figure 9). In addition to ele-

depleted in the hearths and dung contexts, they remained within back-

vations of monocots and conjoined phytoliths, occasional enrichment

ground levels in the floors and gullies.

of indicative plant material allows for specific activity areas to be

The phytolith trends reflect the input of plant material, in particular

distinguished. An example of such enrichment was found in the kitchen

that derived from monocots, through grazing and the use of dung cakes

hearth of WF953, which contained a high concentration of Triticum sp.
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F I G U R E 5 Average measurements in ppm for all samples within all of the sites per context category for the following chemical elements: (a) Mn,
(b) Al, (c) Sr, (d) S, (e) Cl, and (f) Zn
Notes. Context categories abbreviations: AP, animal pen; AD, animal dung; KH, kitchen hearth; HH, hospitality hearth; F, floor; G, gully; B, background.

derived from the preparation of bread. The dominance of cereals asso-

as the last activity that took place prior to sampling was the addition of

ciated with food preparation could provide an indication for cooking

dung cakes, which dominated the phytolith signature for this kitchen

hearths and areas archaeologically, though such trends depend on local

hearth.

preferences for food consumption, the availability of identifiable cereal

This example illustrates the influence of abandonment processes

material, and abandonment processes. The hearth of JTW did not con-

and the importance of sampling, which was found to work best when

tain a high enrichment of wheat even though bread was prepared on it,

specific activity locations were sampled at the Wadi Faynan sites.
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ably derived from salts, decrease over time more rapidly within dung
deposits than with other context categories (Figure 8). This could be in
part due to the organic nature of the dung and dung-related sediments
they are found in, but probably also as a result of exposure to moisture
and sunlight.
Within the phytolith data, the lack of clear influence by the shortterm abandonment might relate to the depositional environment at
Wadi Faynan, an arid region characterized by yellow steppic soils
(Palmer et al., 2007). Arid conditions have long been considered favorable for phytolith preservation due to the high rates of evaporation
under these conditions, which contribute to silica consolidation in the
plant cell and a lesser degree of loss of phytolith material in the soil
through water seepage (Hillman, 1984). In addition, the initial amount
of available silica and the depth of burial will also have an impact on the
chemical dissolution (diagenesis) of phytoliths in archaeological sites
(Cabanes et al., 2012).
Beyond the depositional environment, the characteristics of the

FIGURE 6

PCA scatterplot for all Wadi Faynan sites
Notes. The first component is driven by P, K, and Zn, and negatively by
Si, Al, Ti, and Zr. The second component is driven by Ca, Mn, and Mg.

phytoliths themselves contribute to their preservation. The degree of
silicification, shape, and surface area all influence durability, and there
is evidence to suggest that phytolith dissolution rates vary among different plant taxa and even within a single plant (Bartoli & Wilding,

When analyzed, floor samples taken from the edges of hearths did

1980; Piperno, 2006; Wu, Yang, Wang, & Wang, 2013). A recent study

not portray an enrichment typical of the fire places, but were rather

by Cabanes and Shahack-Gross (2015) indicated that the dissolution

identical in composition to the other floor samples. Phytolith and geo-

of various morphotypes differs depending on their surface area to

chemical soil signatures at the Wadi Faynan sites appear to be spatially

bulk ratio. Within the Wadi Faynan material, relative phytolith mor-

restricted rather than reflected in gradual transitions, and could only

photype composition is similar across sites, and does not appear to

be identified by targeted sampling. An accurate sampling of activity

reflect taphonomic trends. WF916 stands out in comparison to the

locations, perhaps guided by laboratory analysis in the field, could pro-

other sites, but this is considered to reflect the differences in use of

vide a better analysis of soil signatures. In addition, the use of means to

fuel rather than preservation (elaborated below). Similarly, the relative

investigate formation processes such as micromorphology could bene-

abundance of elongate dendriform at WF940 would not reflect disso-

fit both the sampling strategy and interpretation of the analysis results.

lution, as this morphotype would preserve worse, not better than the

The majority of chemical elements and phytoliths measured in this

bulliform type ones less abundant at this site. Overall, there does not

research do not appear to be affected by taphonomic processes within

appear to be a clear decrease through time in the presence of morpho-

the short span of time differentiating the periods of abandonment of

types, which would be expected to suffer from dissolution in a way that

the Bedouin campsites. However, Cl and K concentrations, presum-

would exclude nontaphonomic explanations.

FIGURE 7

Decision tree created for all of the sites based on geochemistry, 77% of cases correctly classified
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TA B L E 2 Associations between chemical elements and anthropogenic related activities found in earlier studies and in the analysis of
the site of Wadi Faynan
Associated
Chemical
activity in this
element Associated activity in previous studies study
P

Mg

Ca

K

Mn
S
Sr

Zn

Cl

Fe

Food preparation and consumption
Hearths, animal
(Fernandez, Terry, Inomata, & Eberl,
dung
2002; Parnell and Terry 2002; Vyncke
et al., 2011), burning and food storage
(Middleton, 2004), refuse areas
(Fernandez et al., 2002), excrements
(Vyncke et al., 2011), byres (Wilson
et al., 2008), meat (da Costa & Kern,
1999)

through the use of dung cakes, as their concentrations are significantly
lower in the WF916 hospitality hearth (for details see Vos, 2017).
The nature of each method of analysis affects the way in which their
results can be processed and combined. One aspect related to this is
the level of universal applicability of each technique. The geochemical
patterns can generally be directly correlated to known activities such
as burning and food preparation, which are associated with specific
chemical elements (see overview in Table 2). However, the phytolith
trends must be explored within the context of the site since phytoliths
derived from activities such as burning or animal husbandry may vary
across sites depending on the local availability and use of plants and
other materials leading to an indirect phytolith signature (such as the

Wood ash (Middleton & Price, 1996),
Hearths, animal
cooking hearths, food preparation and dung
consumption (Fernandez et al., 2002),
meat (da Costa & Kern, 1999)

use of dung or wood for construction or fuel).

Cooking hearths (Fernandez et al.,
2002), food storage and preparation
(Middleton, 2004; Vyncke et al.,
2011), lime use (Middleton & Price,
1996)

of chemical elements was ppm. This allowed for one type of compari-

Hearths

In addition, differences in the form the results take for each type of
proxy influence their degree of compatibility. The measurement level
son within the geochemical data, one that is based on the concentrations of elements in the soil. The phytolith assemblages, on the other
hand, could be compared through counts of phytolith types, taxonomic

Wood ash (Middleton & Price, 1996),
Hearths, animal
cooking hearths, food preparation and dung
consumption (Fernandez et al., 2002)

identifications, related attributes such as silica aggregate material or
weight percent, and also through exploring ratios between related categories based on the phytolith counts such as multi- to single-celled

Burning (Middleton, 2004), vegetable
(da Costa & Kern, 1999)

Hearths

Not measured in previous studies

Hearths, animal
dung

comparison within the phytolith data.

Hearths

was found to be greater than that of the phytolith analysis. Decision

Hearths (Wilson et al., 2008),
excrements and food preparation
(Vyncke et al., 2011), lime use
(Middleton & Price, 1996)

phytoliths, or plant parts. This means that there are different levels of
The efficacy of the geochemical analysis in identifying activity areas
trees created for each of the two techniques, and including the results
of both of them, suggest that combining the variables from both anal-

Hearths and Byres (Wilson et al., 2008), Hearths (higher
refuse areas (Fernandez et al., 2002),
concentrations
vegetable (da Costa & Kern, 1999),
in kitchen
meat (Tripathi et al. 1997)
hearths) and
animal dung

yses does not provide a better classification of cases than the geo-

Not measured in previous studies

the cases correctly (Figures 7 and 10). In addition, the PCA scatterplots

Animal dung,
hearths, animal
pens

Craft production (high levels in
Background
combination with burning, Middleton,
2004), burning (Vyncke et al., 2011)

chemistry alone. The latter was able to classify 77% of all cases correctly, compared to 60% for a decision tree combining the results of
both methods, while the phytolith decision trees classified a third of
created for the geochemical data generally showed a better degree of
clustering than the PCA scatterplots presenting the phytolith analysis
results, and explained a higher degree of variance (Figures 6 and 11).
If the geochemical analysis generally provides the best certainty of

Ti

Background (Middleton, 2004)

Background

identification of activity areas, why bother using the phytolith analy-

Al

Background (Middleton, 2004)

Background

sis? Although the geochemistry might explain the largest amount of
variation within the data, it does not explain all of it. The strength
of the phytolith analysis results lies within site-specific trends, where
they can be used to fine-tune the more general interpretation pro-

The discrepancies between WF916 and the other campsites,

vided by initial definition of context categories in combination with the

described in the geochemical and phytolith analysis results sections,

geochemical analysis. Adding information from the phytolith analysis

are probably related to a preference for other fuel sources above dung

not only strengthened the classifications made through the geochem-

cakes at this site. The occupants of WF916 belonged to a paramount

istry, but added new ones not visible within the geochemical results.

group, the Rashayda Tribe, who use well-made stone lined hospital-

The discriminant function analysis scatterplot graphs created for the

ity hearths. The members of this tribe prefer the use of wood to dung

geochemical and phytolith data show how this can work (Figures 12

cakes. The latter are sometimes avoided in the hospitality hearths of

and 13). While the scatterplot presenting the results of the geochem-

all campsites as they produce much smoke, yet preferred in the kitchen

ical analysis exhibits a differentiation between clusters of background

hearth because the burning temperature is lower and more consistent

and floor samples, animal pen, dung, and hearths, the one created for

than with wood. This difference in fuelling between the two hearth

the phytolith analysis results provides a better separation between the

types is most prominent within WF916. This observation also indi-

kitchen and hospitality hearths, while the animal pen category plots

cates that hearths at the other campsites were enriched with K and P

closer to the floor and background samples. This seems to be related
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F I G U R E 8 Average Cl (graph a) and K (graph b) concentrations in ppm within all context categories
Notes. JTW was occupied during sampling, JTS had been abandoned for 6 months, WF953 and WF940 for a year, WF916 for 3 years, and WF982
for 10–15 years.

TA B L E 3 Overview of correlations between geochemical and phytolith variables significant at the 0.01 level according to a two-tailed Pearson
correlation test
Monocots

Multicelled

P

0.798*

0.663

Zn

0.687

0.807*

Sr
Mg
S

Poorly silicified

Pooideae

Husk
0.677

0.807

0.656

0.818*

0.792

Leaf/husk

Leaf

0.714

0.630
0.646

0.807*
0.671

0.618

Ca

0.661

0.690

Ti

−0.707

Si

−0.643

−0.628

Very strong correlations are highlighted with *.

−0.620

−0.619
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F I G U R E 9 Trends in phytolith data: (a) concentrations of monocots and multicell phytoliths per context category for all samples in all sites: AP,
animal pen; AD, animal dung; KH, kitchen hearth; HH, hospitality hearth; F, floor; B, background; (b) composition of the 12 most common morphotypes in all samples for each site: BSC, bilobate short cell; PBC, parallepipedal bulliform cell; GP, globular psilate; UHC, unciform hair cell; CBC,
cuneiform bulliform cell; R, rondel; S, saddle; RT, rectangle tabular; ED, elongate dendriform; ES, elongate sinuate; EP, elongate psilate; TP, trapeziform psilate; (c) average amount of degraded phytoliths in all samples per context category for each site

FIGURE 10

Decision tree created for all of the sites based on phytolith results, 33% of cases correctly classified
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F I G U R E 1 1 Combined PCA scatterplot for the sites JTS, JTW,
WF916, and WF953
Notes. The first component is driven by monocots versus dicots, multiversus single-celled phytoliths, husk material, and Pooideae. The second component is driven by unidentified phytoliths, leaf, negatively by
no per gram, weight percent, and Triticum sp.

VOS ET AL .

F I G U R E 1 3 Discriminant function analysis scatterplot for ethnographic sites based on results of the phytolith analysis, 73% of original grouped cases and 33% of cross-validated grouped cases correctly
classified

5

CONCLUSIONS

The use of the dual geochemical-phytolith methodology was found
useful for distinguishing between activity areas in ephemeral sites,
confirming associations between chemical elements and phytolith
attributes identified in earlier ethnoarchaeological studies. The
results of the ethnoarchaeological analysis support the hypothesis
that geochemical and phytolith signatures can be found in the soil
at the locations where activities took place, and suggest that soil
signatures at ephemeral sites can be preserved in harsh and dynamic
environments, in our case those of the Near East. While the surfaces
of the Bedouin campsites studied in this research were left exposed
to wind erosion and rain after the tents covering them were moved
to a different location, they retained phytolith and geochemical soil
signatures for at least 15 years.
Within this study, the efficacy of the geochemical analysis was
found to be higher than that of the phytolith analysis when it came to
identifying activity areas. Decision trees and PCA scatterplots created
FIGURE 12

Discriminant function analysis scatterplot for ethnographic sites based on results of the geochemical analysis, 78% of original grouped cases and 58% of cross-validated grouped cases correctly
classified

for the geochemical results of both ethnographic and archaeological
data provided a higher percent of correctly identified instances and
explained a higher percent of variance within the data than those
incorporating the results of the phytolith analysis. This is probably
related to the use of dung cakes for fuel, a dominant activity that

to the difference in use of fuel and addition of wheat in the kitchen

makes it difficult to distinguish between areas and may mask other

hearths, which is better reflected through the phytolith analysis.

traces. Nevertheless, adding information from both methods was

Addressing sources of information that potentially represent differ-

found to be more useful in identifying activity areas than only one.

ent inputs from anthropogenic activities, in our case plant material and

While geochemistry may explain more variance within the data than

chemical elements, provides a comprehensive approach for identifying

the phytolith results, the two methods complement each other and

various spatial divisions. The differences between the two sources of

provide information about different aspects of activities.

data might provide difficulties in combining them, but they are what

This study suggests that while the results of multiple geoarchaeo-

make their integration worth while pursuing—each one can provide

logical proxies cannot always be readily integrated due to differences

information about signatures of activity not captured with the other.

in the nature of the used methods, a parallel analysis carries much
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potential and helps combat issues of equifinality and equivocality when
studying traces of human activities in soils. Geoarchaeological analyses
of activity areas are a fairly recent development, and further studies
looking into the compatibility and integration of such techniques will
help determine the best approach for studying sites of different scale,
date, nature of habitation, and taphonomic disturbance.

ACKNOWLEDGMENTS
We thank the anonymous reviewers and the editors whose comments helped improve and clarify this manuscript. This research
was supported by an AHRC/Bournemouth University PhD studentship and by Arts and Humanities Research Council (AHRC)
grant number AH/K002902/1. The data presented in this article can
be accessed through the Bournemouth University website: https://
eprints.bournemouth.ac.uk/29485/. We would like to thank Timothy
Darvill and Kate Welham for their involvement in this project, which
included much valuable guidance and advice. The original samples for
this study were taken as part of the Wadi Faynan Landscape Survey
(WFLS) led by Graeme Barker, which was financially supported by the
AHRC, NERC, CBRL, University of Leicester, and Society of Antiquaries. The WFLS was run under the auspices and invaluable support of the
Department of Antiquities of Jordan and formed part of CBRL's Wadi
Faynan Project. We also thank Helen Smith, who collected the soil samples as part of the WFLS and provided much support and guidance during the analysis. We are indebted to Jouma’ Aly Za'noon and his family
for their friendship, support, and wisdom over many years.

ORCID
Daniella Vos

http://orcid.org/0000-0003-2938-8857

REFERENCES
Banerjea, R. Y., Bell, M., Matthews, W., & Brown, A. (2015). Applications
of micromorphology to understanding activity areas and site formation
processes in experimental hut floors. Archaeological and Anthropological
Sciences, 7, 89–112.
Banning, E. B., & Köhler-Rollefson, I. (1983). Ethnoarchaeological survey in
the Beidha area, southern Jordan. Annals of the Department of Antiquities
of Jordan, 27, 375–384.
Bartoli, F., & Wilding, L. P. (1980). Dissolution of biogenic opal as a function of its physical and chemical properties. Soil Science Society of America
Journal, 44(4), 873–878.
Bourdieu, P. (1990). Appendix: The Kabyle house or the world reversed. In
The logic of practice (pp. 271–283). Cambridge: Polity Press.
Brito, O. R., Telles, T. S., Schnitzer, J. A., Gaspar, G. G., & Guimarães, M.
(2014). The influence of crop residues in vertical soil mobility of potassium. Semina: Ciências Agrárias, 35(6), 3043–3051.
Cabanes, D., Gadot, Y., Cabanes, M., Finkelstein, I., Weiner, S., & ShahackGross, R. (2012). Human impact around settlement sites: A phytolith
and mineralogical study for assessing site boundaries, phytolith preservation, and implications for spatial reconstructions using plant remains.
Journal of Archaeological Science, 39, 2697–2705.
Cabanes, D., Mallol, C., Expósito, I., & Baena, J. (2010). Phytolith evidence for
hearths and beds in the late Mousterian occupations of Esquilleu cave
(Cantabria, Spain). Journal of Archaeological Science, 37, 2947–2957.

Cabanes, D., & Shahack-Gross, R. (2015). Understanding fossil phytolith preservation: The role of partial dissolution in paleoecology
and archaeology. PLoS ONE, 10(5), e0125532. https://doi.org/10.1371/
journal.pone.0125532.
Canti, M., & Huisman, D. J. (2015). Scientific advances in geoarchaeology during the last twenty years. Journal of Archaeological Science, 56,
96–108.
da Costa, M. L., & Kern, D. C. (1999). Geochemical signatures of tropical
soils with archaeological black earth in the Amazon, Brazil. Journal of
Geochemical Exploration, 66(1), 369–385.
Cribb, R. L. D. (1991). Nomads in archaeology. Cambridge: Cambridge
University Press.
Douglas, M. (1966). Purity and danger: An analysis of the concepts of pollution
and taboo. London: Routledge.
Fernandez, F. G., Terry, R. E., Inomata, T., & Eberl, M. (2002). An ethnoarchaeological study of chemical residues in the floors and soils of Q'eqchi’
Maya houses at Las Pozas, Guatemala. Geoarchaeology, 17, 487–519.
Friesem, D. E. (2016). Geo-ethnoarchaeology in action. Journal of Archaeological Science, 70, 145–157.
Gifford, D. P. (1978). Ethnoarchaeological observations of natural processes
affecting cultural materials. In R. A. Gould (Ed.), Explanation in ethnoarchaeology (pp. 77–101). Albuquerque: University of New Mexico Press.
Goldberg, P., & Whitbread, I. (1993). Micromorphological study of a Bedouin
tent floor. In P. Goldberg, T. D. Nash, & M. D. Petraglia (Eds.), Formation
Processes in Archaeological Context (pp. 165–188). Madison: Prehistory
Press.
Grattan, J. P., Gilbertson, D. D., Waller, J. H., & Rusell, B. A. (2014). The geoarchaeology of “waste heaps” from the ancient mining and beneficiation
of copper-rich ores in the Wadi Khalid in southern Jordan. Journal of
Archaeological Science, 46, 428–433.
Hardy-Smith, T., & Edwards, P. C. (2004). The garbage crisis in prehistory:
Artefact discard patterns at the early Natufian site of Wadi Hammeh
27 and the origins of household refuse disposal strategies. Journal of
Anthropological Archaeology, 23, 253–289.
Hillman, G. (1984). Interpretation of archaeological plant remains: The
application of ethnographic models from Turkey. In W. van Zeist &
W. A. Casparie (Eds.), Plants and ancient man: Studies in palaeoethnobotany (pp. 1–41). Rotterdam: Balkema.
Hodder, I., & Orton, C. (1979). Spatial analysis in archaeology. Cambridge:
Cambridge University Press.
Kuijt, I., & Goodale, N. (2009). Daily practice and the organization of space
at the dawn of agriculture: A case study from the near east. American
Antiquity, 74(3), 403–422.
Madella, M., Alexandre, A., & Ball, T. (2005). International code for phytolith
nomenclature 1.0. Annals of Botany, 96, 253–260.
Manzanilla, L., & Barba, L. (1990). The study of activities in classic households: Two case studies from Coba and Teotihuacan. Ancient Mesoamerica, 1, 41–49.
Middleton, W. D. (2004). Identifying chemical activity residues on Prehistoric house floors: A methodology and rationale for multi-elemental
characterisation of a mild acid extract of anthropogenic sediments.
Archaeometry, 46(1), 47–65.
Middleton, W. D., & Price, T. D. (1996). Identification of activity areas by
multi-element characterization of sediments from modern and archaeological house floors using inductively coupled plasma-atomic emission
spectroscopy. Journal of Archaeological Science, 23, 673–687.
Milek, K. B., & Roberts, H. M. (2013). Integrated geoarchaeological methods for the determination of site activity areas: A study of a Viking Age
house in Reykjavik, Iceland. Journal of Archaeological Science, 40, 1845–
1865.

694
2

Mulder, J., & Cresser, M. S. (1994). Soil and soil solution chemistry. In B.
Moldan & J. Cerny (Eds.), Biochemistry of small catchments: A tool for environmental research (pp. 107–131). New York: Wiley and Sons.
Na'amneh, M., Shunnaq, M., & Tasbasi, A. (2008). The modern sociocultural significance of the Jordanian Bedouin tent. Nomadic Peoples, 12(1),
149–163.

VOS ET AL .

Simek, J. F. (1987). Spatial order and behavioural change in the French
Palaeolithic. Antiquity, 61, 25–40.
Simms, S. R. (1988). The archaeological structure of a Bedouin camp. Journal
of Archaeological Science, 15, 197–211.

Palmer, C. (2002). Milk and cereals: Identifying food and food identity
among Fallahin and Bedouin in Jordan. Levant, 34, 173–195.

Terry, R. E., Fabian, G., Fernández, F. G., Parnella, J. J., & Inomata, T. (2004).
The story in the floors: Chemical signatures of ancient and modern
Maya activities at Aguateca, Guatemala. Journal of Archaeological Science, 31, 1237–1250.

Palmer, C., & Daly, P. (2006). Jouma's Tent. Bedouin and digital archaeology.
In T. L. Evans, & P. Daly (Eds.), Digital archaeology. Bridging method and theory (pp. 97–127). London: Routledge.

Tripathi, R. M., Raghunath, R., & Krishnamoorthy, T. M. (1997). Dietry intake
of heavy metals in Bombay city, India. The Science of the Total Environment, 208, 149–159.

Palmer, C., Smith, H., & Daly, P. (2007). Ethnoarchaeology. In G. Barker,
D. Gilbertson, & D. Mattingly (Eds.), Archaeology and desertification. The
Wadi Faynan landscape survey, southern Jordan (pp. 369–395). Oxford:
Oxbow Books.

Tsartsidou, G., Lev-Yadun, S., Efstratiou, N., & Weiner, S. (2008). Ethnoarchaeological study of phytolith assemblages from an agro-pastoral village in Northern Greece (Sarakini): Development and application of a
Phytolith Difference Index. Journal of Archaeological Science, 35, 600–
613.

Parker Pearson, M., & Richards, C. (1994). Ordering the world: Perceptions
of architecture, space and time. In M. Parker Pearson & C. Richards
(Eds.), Architecture and order (pp. 1–34). London: Routledge.
Parnell, J. J., & Terry, R. E. (2002). Soil chemical analysis applied as an interpretive tool for ancient human activities in Piedras Negras, Guatemala.
Journal of Archaeological Science, 29, 379–404.
Petrucci, R. H. (2007). General chemistry: Principles and modern applications.
Upper Saddle River, NJ: Pearson Education International.
Piperno, D. (2006). Phytoliths: A comprehensive guide for archaeologists and
palaeoecologists. Oxford: Altimira Press.
Portillo, M., Kadowaki, S., Nishiaki, Y., & Albert, R. M. (2014). Early Neolithic
household behavior at Tell Seker al-Aheimar (Uppere Khabur, Syria):
A comparison to ethnoarchaeological study of phytoliths and dung
spherulites. Journal of Archaeological Science, 42, 107–118.
Rosen, A. M. (1992). Preliminary identification of silica skeletons from Near
Eastern archaeological sites: An anatomical approach. In G. Rapp & S. C.
Mulholland (Eds.), Phytolith systematics: Emerging issues (pp. 129–147).
New York: Plenum Press.
Saidel, B. A. (2001). Abandoned tent camps in southern Jordan. Near Eastern
Archaeology, 64(3), 150–157.
Saidel, B. A. (2009). Coffee, gender, and tobacco: Observations on the history of the Bedouin tent. Anthropos, 104, 179–186.

Tsartsidou, G., Lev-Yadun, S., Efstratiou, N., & Weiner, S. (2009). Use of space
in a Neolithic village in Greece (Makri): Phytolith analysis and comparison of phytolith assemblages from an ethnographic setting in the same
area. Journal of Archaeological Science, 36, 2342–2352.
Ullah, I. I., Duffy, P. R., & Banning, E. B. (2015). Modernizing spatial microrefuse analysis: New methods for collecting, analyzing, and interpreting
the spatial patterning of micro-refuse from house-floor contexts. Journal of Archaeological Method and Theory, 22, 1238–1262.
Vos, D. (2017). Out of sight, but not out of mind: Exploring how phytolith and
geochemical analysis can contribute to understanding social use of space during the Neolithic in the Levant through ethnographic comparison (Doctorate
thesis). Bournemouth University, Bournemouth, UK.
Vyncke, K., Degryse, P., Vassilieva, E., & Waelkens, M. (2011). Identifying
domestic functional areas. Chemical analysis of floor sediments at the
Classical-Hellenistic settlement at Düzen Tepe (SW Turkey). Journal of
Archaeological Science, 38, 2274–2292.
Wilson, C., Davidson, D., & Cresser, M. (2008). Multi-element soil analysis:
an assessment of its potential as an aid to archaeological interpretation.
Journal of Archaeological Science, 35, 412–424.
Whallon, R. (1973). Spatial analysis of occupation floors I: Application of
dimensional analysis of variance. American Antiquity, 38, 266–278.

Sconce, J. S. (1962). Chlorine, its manufacture, properties and uses. New York:
Reinhold Publishing Corporation.

Wu, Y., Yang, Y., Wang, H., & Wang, C. (2013). The effects of chemical composition and distribution on the preservation of phytolith morphology.
Applied Physics A, 114, 503–507.

Shahack-Gross, R., & Finkelstein, I. (2008). Subsistence in an arid environment: A geoarchaeological investigation in an Iron Age site, the Negev
Highlands, Israel. Journal of Archaeological Science, 35, 965–982.

SUPPORTING INFORMATION

Shahack-Gross, R., Marshall, F., Ryan, K., & Weiner, S. (2004). Reconstruction of spatial organization in abandoned Maasai settlements: Implications for site structure in the pastoral Neolithic of East Africa. Journal of
Archaeological Science, 31, 1395–1411.
Shillito, L.-M. (2017). Multivocality and multiproxy approaches to
the use of space: Lessons from 25 years of research at Çatalhöyük. World Archaeology, 49(2), 237–259. https://doi.org/10.1080/
00438243.2016.1271351.
Shillito, L.-M., & Ryan, P. (2013). Surfaces and streets: Phytoliths, micromorphology and changing use of space at Neolithic Catalhöyük (Turkey).
Antiquity, 87, 684–700.

Additional supporting information may be found online in the Supporting Information section at the end of the article.

How to cite this article:

Vos D, Jenkins E, Palmer C. A

dual geochemical-phytolith methodology for studying activity
areas in ephemeral sites: Insights from an ethnographic case

2018;33:680–694.
study from Jordan. Geoarchaeology. 2018;1–15.
https://doi.org/
https://doi.org/10.1002/gea.21685
10.1002/gea.21685

