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MICRO-ENVIRONMENTAL REMAINS IN ARCHAEOLOGY:
PHYTOLITHS AND FAECAL SPHERULITES AND
THEIR APPLICATION FOR THE STUDY OF HUMAN-
ENVIRONMENT INTERACTIONS IN ARCHAEOLOGICAL
SEDIMENTS IN KAZAKHSTAN

Abstract. This article explores the archaeological information that can
be gathered from the study of micro-environmental remains (phytoliths
and faecal spherulites) extracted from archaeological sediments, and their
application in the analysis of human-environment interactions in the
archaeology of Kazakhstan. A brief overview of the history of the study
of the two types of micro-environmental remains is given, and assemblage
formation and taphonomic processes are considered. Finally, using examples
from archaeological sediments in Kazakhstan, the article explores the types
of information that can be extracted from phytolith and faecal spherulite
analysis, and what this can tell us about human-environment interactions

in the past.

Keywords: phytolith, faecal spherulite, archaeobotany, environmental

archaeology

Introduction

This  article will explore the
archaeological information that can
be gathered from the study of micro-
environmental remains (phytoliths
and faecal spherulites) extracted from
archaeological sediments, and their
application in the analysis of human-
environment interactions in the
archaeology of Kazakhstan.

Phytoliths are the microscopic three-
dimensional amorphous biogenic silica

(opal) infillings of cavities within and
between the cells of certain plants (Thorn
2007). This process starts when dissolved
monosilicic acid (H45i04) in groundwater
is taken up by the roots of plants and
carried up to the aerial organs through
the xylem (Piperno 2006). The silica is
not metabolised by the plant, and it is
deposited as siliceous gel which gradually
crystalisesinto a solid particle (Thorn 2007).
While not essential for plant growth, the
deposition of silica can increase the plant’s

48
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resistance to biotic and abiotic stressors
such as water availability, disease and
pests (Merpzabaesa and Konricoaesa 2018;
Stromberg, Di Stilio, and Song 2016)).
Once deposited, phytoliths are incredibly
durable, and following the death and decay
of the plant they are deposited into soils
and sediments, forming a fossil record of
the plants which formed them (Piperno
2006; Roberts (unpublished thesis)).

Faecal spherulites are a calcium salt
formed in the gut of certain species of
mammal (Brochier et al. 1992). They are
identifiable in archaeological sediments
as “minute (typically 5-15 pm) spheres
of radially crystallized calcium carbonate
surrounded by an organic coating”
(Canti 1997). The largest number of faecal
spherulites are produced by ruminants
(sheep, cow, goat, deer), low numbers are
produced by omnivorous and carnivorous
species (pig, human, badger, dog, cat,
fox), and they are not produced by caecal
digesters (horse, rabbit, hare) (Canti 1999).

Of course, many different factors
affect the resulting phytolith and faecal
spherulite assemblages that may be found
in archaeological soils and sediments.
This article will consider the different
mechanismsand processes thatmightaffect
the final phytolith and faecal spherulite
assemblage which is analysed in the
laboratory. A brief history of phytolith and
taecal spherulite research is given, and the
formation and taphonomic processes that
may affect archaeological phytolith and
faecal spherulite assemblages are explored
(Roberts (unpublished thesis). Finally,
examples from the territory of Kazakhstan
are discussed which highlight the ways
in which phytolith and faecal spherulite
data can contribute to the understanding
of human-environment interactions in the
past of Kazakhstan.

Phytoliths

History of the study of phytoliths

The history of the study of phytoliths
covers a multitude of disciplines, including
archaeology, biology, ecology, botany, plant
genetics, geology and soil science (Piperno
2006). The first study of phytoliths was
published in 1835 (Powers 1992; Struve
1835), and the earliest taxonomic studies
were conducted between 1900-1935
(Bryant 1993), including the identification
by Ehrenberg of over sixty-seven phytolith
forms from samples of wind-blown dust
collected by Darwin from the sails of HMS
Beagle in 1833 (Darwin 1909; Piperno
2006). Despite these early observations,
Bryant (1993) has highlighted the slow
start in the use of phytolith data in
archaeobotanical research during the
20th century in contrast to that of pollen.
Neolitzky identified phytoliths from
wheat and barley in prehistoric sediments
from European archaeological sites in
1900 (Neolitzky 1900), and later used
phytoliths to prove the use of economically
important plants in settlements from other
European sites(Powers 1992; Netolitzky
1914). However, these early archaeological
studies failed to gain momentum, and
it was not until half a century later that
detailed archaeobotanical research into
phytoliths began in earnest, with the
identification of rice, wheat and barley
phytoliths demonstrated at archaeological
sites in Japan and the Middle East by
Watanabe and Helbaek (Bryant 1993;
Piperno 2006; Lancelotti and Madella 2018;
Watanabe 1955, 1968; Helbaek 1961, 1969).
Metcalfe’simportant publication on the leaf
anatomy of grasses provided the basis for
further morphological study of phytoliths
(Metcalfe 1960; Powers 1992; Lancelotti
and Madella 2018), most notably by Twiss
et al, who developed a classification
system for the discrimination of phytoliths
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belonging to the Panicoideae, Pooideae
and Chloridoideae subfamilies (Twiss,
Suess, and Smith 1969). Rovner further
highlighted the potential of phytolith data
for palaeobotanical research, in particular
demonstrating the complementary role
that phytolith and pollen data can play
(Pearsall 2016; Rovner 1971). Importantly,
for archaeobotanical research, further
studies were also made at this time into
the morphological characteristics of
phytoliths from cereals, such as Parry and
Smithson’s publications on phytoliths from
British grasses and cereals, and Blackman’s
studies of wheat and rye (Powers 1992;
Parry and Smithson 1964, 1966; Blackman
1969; Blackman and Parry 1968). Research
into New World cereals was also being
conducted, for example with Pearsall
using phytolith evidence to demonstrate
maize cultivation in Ecuador (Pearsall
1978; Roberts (unpublished thesis)).

Furtherresearchintophytolithevidence
of prehistoric plant use and domestication
in the Americas by researchers such as
Steven Bozarth, Dolores Piperno and
Deborah Pearsall contributed to the
establishment of phytolith research in
archaeology (Bozarth 1987; Piperno 1984,
1985a, 1985b, 1988; Pearsall 1982), the real
blossoming of which was marked by two
publications: the first dedicated publication
on the use of phytoliths in archaeology
by Piperno (Piperno 1988); and the
inclusion by Pearsall of phytolith analysis
in her handbook of palaeoethnobotanical
procedures (Pearsall 2016, first published
1989). These two publications brought
phytolith analysis to the attention of a
wide audience, and provided key starting
points for interested researchers (Bryant
1993; Roberts (unpublished thesis)).

With the foundation laid by these
early pioneers, the number of phytolith
researchers has since grown dramatically,

with an increasing diversity of research
topics (Hart 2016; Lancelotti and Madella
2018).

Formation and preservation

of phytolith assemblages

When analysing any phytolith
assemblage, there are a number of factors
that must be considered with regard to
how the assemblage was formed, and how
the depositional environment may have
affected the formation and preservation
of the phytolith assemblage, leading to
biases in the archaeological phytolith
record. The first factor to consider is that
not all plant families produce phytoliths,
and of those that do, only some of the
phytoliths produced have significance for
taxonomic identification (Piperno 1988,
2006; Stromberg 2003). Those families of
primary relevance to the mountainous,
semi-arid and arid steppe zones of Central
Asia whose phytolith production is both
high and phytolith forms have taxonomic
significance are: Poaceae (grasses);
Cyperaceae (sedges); and Equisetaceae
(horsetails, scouring rushes) (Piperno
2006). Additionally, phytoliths have been
observed in the Pinaceae which may
have diagnostic value, but which are not
produced in such abundance (Klein and
Geis 1978; Rovner 1971). Klein and Geis
note that some species of Picea produce
silicified endodermal cells, which could
be confused with grass bulliforms (Klein
and Geis 1978). This may have particular
relevance to the analysis of high mountain
steppe zones, where the tree line meets
the high-mountain grass meadows. In
addition to those phytolith morphotypes
that have taxonomic value, phytoliths are
also produced in wood and twigs which
have a distinct form attributable to woody
plants, but for which no further attribution
is possible (namely globular/ellipsoid
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forms, irregular forms with mineral Research  into the relationship

inclusions, and silica aggregates) (Albert
et al. 1999; Piperno 2006). Work by Collura
and Neumann on West African bark and
wood indicated that silica production in
bark is much more common than in wood,
but that overall production is uneven at
different taxonomic levels (Collura and
Neumann 2017; Roberts (unpublished
thesis)).

In addition to genetically driven
species-specific variations in phytolith
formation, aspects such as soil chemistry,
water availability and evapotranspiration
rates have been demonstrated to affect
both the amount of available dissolved
silica and the rate at which it is taken up
by plants (Msip3zabaesa and KonsicOaesa
2018; Piperno 2006). Laboratory studies
have shown that the amount of available
dissolved silica is an important factor in
the rate of phytolith production, with
grasses in particular showing a direct
positive correlation between amounts of
solid silica deposited in the plant and the
amount of dissolved silica in the growth
medium (Blackman and Parry 1968;
Blackman 1969; Parry and Smithson 1964;
Jones and Handreck 1965). The amount of
silica available in groundwater depends
on a complex soil-plant cycle (Cornelis and
Delvaux 2016). The rate at which this cycle
occurs is governed by the same factors that
govern soil formation processes (namely
climate, topography, soil parent material,
the age of the soil) and biotic factors
(vegetation, micro-organisms, and land
use) (Alexandre et al. 1997; Cornelis and
Delvaux 2016; Stromberg, Di Stilio, and
Song 2016). Acidic soil environments are
known to have more free silica available,
but high concentrations of iron and
aluminium oxides can absorb or bind silica
to their surfaces, thus removing it from
solution (Piperno 2006).

between water availability and phytolith
production in grasses, or more specifically
cereals, has indicated that an increase in
water supply, whether through rainfall
or irrigation, leads to an increase in the
production of phytoliths, with Rosen and
Weiner noting an increase in the number
of conjoined phytoliths (Rosen and Weiner
1994), Madella et al. (Madella et al. 2009)
and Jenkins et al. (Jenkins et al. 2016)
noting an increased ratio of long cells to
short cells (see Figure 1 for an example
of conjoined long and short cells). High
evapotranspiration rates can also cause
an increase in solid silica deposition in
the aerial structures of grasses due to the
presence of a supersaturated solution of
silica leading to the precipitation of solid
forms (Jones and Handreck 1965; Piperno
2006; Rosen and Weiner 1994; Roberts
(unpublished thesis)).

The second group of factors to consider
are the external mechanisms behind the
deposition and subsequent taphonomy
of the phytolith record. Zurro et al. (2016)
identify two major groups of mechanisms
thatinfluence the compositionofa phytolith
assemblage: 1) the origin of the input plant
assemblage (whether anthropic, natural or
both); and 2) pre- and post-depositional
taphonomy (Zurro et al. 2016). The origin
of the deposition of plant material in an
archaeological sediment can be assumed
to be largely deposited by human activity
(although periods of no occupation should
also be considered for sites with multiple
occupancy periods), and therefore
phytolith assemblages recovered from
various contexts can be expected to reflect
different activities around a site, such as
crop processing (Harvey and Fuller 2005),
craft production (Wendrich and Ryan
2012), bedding (Cabanes et al. 2010), and
the burning of fuel (Lancelotti and Madella
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2012). Phytolith and spherulite data has

Fig. 1. Multi-celled phytolith from grass
leaf or stem from the archaeological site of
Tuzusai, Kazakhstan, showing long and
short cells in situ (elongate psilate, elongate
echinate, elongate sinuate, and bilobe). Scale

bar is 10um (Roberts (unpublished thesis))

the potential to answer some of these
questions by identifying, for example,
whether a sediment contains evidence for
a concentration of crop processing waste
or sheep/goat dung, which might indicate
a midden, or a phytolith assemblage that
is concurrent with surrounding mud
brick, indicating that the fill was caused
by the collapse of a wall (Katz et al. 2007;
Lancelotti and Madella 2012; Portillo,
Albert, and Henry 2009)

Pre- and post-depositional taphonomic
processes begin with the death of the plant,
leading to the release of phytoliths into the
surrounding sediment. This can happen
through a number of different pathways,
for example the natural death and decay
of plants within a soil A horizon, through
the deliberate burning of plant material
(phytolith morphology is preserved at
temperatures up to 800C (Parr 2006),

deposition through animal dung (which
may also be redeposited by human action
for example as fuel or temper (Lancelotti
and Madella 2012), and midden deposits to
name butafew (Shillito 2011; Piperno 2006).
Jenkins (2009) compared the extraction
of phytoliths from modern durum wheat
plants (Triticum durum) wusing dry
ashing and acid digestion methods, and
determined that the resulting number of
conjoined phytoliths was greatly reduced
using the acid digestion method (Jenkins
2009). This not only has implications
for future studies using modern plant
material, but also illustrates how pre-
depositional taphonomic processes might
change resulting phytolith assemblage. An
example of this might be the destruction
of a thatched house through fire compared
to a gradual process of disuse and collapse
(Roberts (unpublished thesis)).

Madella and Lancelotti (2012) highlight
that following the death of the plant, the
decay of the plant tissues releases the
phytoliths and at this point they may be
subject to pre-depositional transport by
wind or water which can cause damage, for
example through abrasion and chipping. In
open, wind-blown environments such as
deserts this transport might be significant,
however in most cases it is minimal since
phytoliths are relatively “heavy” particles.
In archaeological contexts phytoliths might
be spread and dislocated through actions
such as sweeping a floor, which may also
lead to the redeposition of material in a
different place to that of its origin (Madella
and Lancelotti 2012), for example the
clearing and burning of crop processing
waste away from a threshing floor.

Post-deposition, phytoliths in both
natural and anthropic contexts are exposed
to the processes of pedogenesis, fossil
diagenesis, and bioturbation (Madella
and Lancelotti 2012). A study by Fishkis
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et al. (2010) using a fluorescent marker
on phytoliths extracted from Phragmites
australis and added to active soils found
that over the course of a year, phytoliths
were found to move downwards by an
average of 4cm, with smaller phytoliths
exhibiting greater movement than larger
ones (Fishkis et al. 2010). Cabanes et
al. (2011) also determined that root
activity and active soil formation on
an archaeological site can affect the
preservation of phytoliths. Bioturbation
is also acknowledged to be a major factor
in the post-depositional relocation of
phytoliths(Madella and Lancelotti 2012),
and is certainly an issue witnessed at the
sites in this study, for example pit fills
having been used by burrowing mammals
and section walls being colonised by
tunneling wasps and bees (author’s
personal observations). These factors
mean that one must be very vigilant when
sampling a context in order to ensure
that the original context is sampled and
not an artefact of animal disturbance. In
addition to these natural processes, human
activity can greatly affect the depositional
environment, for example through
trampling of floors which might change
the rate of water percolation (Madella and
Lancelotti 2012), and industrial activity
which could affect local soil chemistry
for example through the dumping of
large quantities of alkaline ash, where
highly alkaline soils have demonstrated
low phytolith densities (Piperno 1985b).
Ditferent pH values in soils and sediments
have been proven to affect the dissolution
rate of different phytolith morphotypes,
with some forms being more sensitive
to dissolution than others (Cabanes,
Weiner, and Shahack-Gross 2011), with
alkaline conditions causing dissolution,
and mechanical agitation causing the loss
of appendages on certain morphotypes

(Roberts (unpublished thesis)).

Phytolith extraction from sediment,

identification, and quantification

Only a small quantity of dried
sediment is required to be collected in the
field for phytolith and faecal spherulite
analysis, equivalent to about a teaspoon
(5g). Following the collection of samples
in the field, the sediment must be treated
in order to isolate the phytoliths, and then
once extracted a subsample of phytoliths
is mounted to a slide for morphological
identification and quantification. Coil et
al. (2005) provide a useful comparison of
different microfossils that can be extracted
from sediments, and how they might be
affected by various laboratory processes
as well as the strengths and weaknesses
of different mounting media, making
the point that identifying the end-goal
of the extraction and the specific nature
of the sediment are important factors to
consider when devising a protocol (Coil
et al. 2003). There is no single agreed
method for the isolation of phytoliths
from sediment, nor indeed should there
be, since the researcher may be attempting
to extract another microfossil at the same
time, such as starches (Horrocks 2005).
Stromberg (2003) has identified three
common steps in all these processing
methods: 1) pre-treatment of the sediment
to ‘free’ the phytoliths (disaggregation
through the removal of binding agents
such as carbonates, and the removal of
clays and organics); 2) separation of the
phytoliths from the mineral fraction; and
3) preparation of slides. The process for
extracting phytoliths depends on the type
of information required, the nature of the
sediment, and the laboratory equipment
available to the researcher (Roberts
(unpublished thesis)).

The identification of phytolith
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morphotypes can be conducted on two
levels:identifying and recording the form of
thephytolith,ideallyusing thestandardised
nomenclature of the International Code for
Phytolith Nomenclature 2.0 (International
Committee for Phytolith Taxonomy
(ICPT) 2019), and then attributing each
morphotype to a particular family or
genus (and, where possible, species).
Confident identification of family, genus,
or species-level phytolith morphotypes
is dependent on having locally-obtained
plant reference material with which to
compare the archaeological samples, since
one must also bear in mind that a) local
species may be found to produce forms
similar to different species in other regions
(the problem of redundancy (Rovner
1971)), and b) a single plant may be found
to produce a wide range of morphotypes
(multiplicity  ((Rovner 1971; Piperno
1988)). Not being able to compare local
variants in phytolith producing plants is
a particular problem in Kazakhstan, and
indeed Central Asia more widely, where
phytolith work remains a developing
discipline (Rosen, Chang, and Grigoriev
2000). Establishment of a reference
collection for the varied ecological zones
found in Kazakhstan will be an essential
next step for continuedphytolith research
in the country. Regional work in southern
West Siberia by Marina Solomonova and
colleagues has produced a database of
phytolith assemblages for a variety of
environments, including steppe, forest,
and high-mountains, which serves as a
valuable regional reference resource (Co-
aoMmoHoBa et al. 2019).

Given biases in their production, which
leave many plant species either ‘silent” or
underrepresented in the phytolith record,
and the need for further region-specific
phytolith work in Kazakhstan, phytoliths
are most powerful when employed to

study plant community assemblages as a
whole (Stromberg 2003), particularly using
multivariate statistical techniques, with
the exception of the domesticated cereals,
which are discussed below.

Theexceptionstothe potential problems
with identification mentioned above are
multi-celled silica skeletons from the seed
bracts of domesticated cereals, which have
been widely studied in many regions of the
world, providing a wealth of comparative
material to aid in the identification of these
phytoliths in archaeological samples (Rapp
and Mulholland 1992; Piperno 2006, 1988;
lF'oaseBa 2001; Ball et al. 2015), together
with online databases. Based on previous
macrobotanical and phytolith work in
Kazakhstan, cereals of relevance are wheat,
barley, millet (Panicum miliaceum and
Setaria italica), and rice (Spengler, Chang,
and Tourtellotte 2013; Spengler, Frachetti,
and Doumani 2014; Rosen, Chang, and
Grigoriev 2000; bamrannuk 2007; 'oabesa
2001; D. A. Gavrilov et al. 2016; Doumani
et al. 2015).

In addition to identifying phytolith
morphotypes, quantification of phytoliths
present in a sample is needed in order
to allow the assemblage to be analysed
and answer questions about relative
abundancesof morphotypes and ratios of
taxonomically significant phytoliths. As
with their extraction and identification,
once mounted to a microscope slide there
is no single methodology for quantifying
the number of phytoliths present (Piperno
2006). However, there is general consensus
that the number of single-cell phytoliths
that must be counted before a statistically
significant representative sample of the
assemblage has been recorded is between
200 and 300 diagnostic phytoliths (Rapp
and Mulholland 1992; Piperno 1988, 2006).
In a study tallying phytolith morphotypes
recorded against a high reference count
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size of 800 phytoliths, Albert and Weiner
(2001) noted that less abundant phytolith
morphotypes were lost when fewer than
200 phytoliths were counted (Albert
and Weiner 2001). Statistical analysis
by Stromberg (2009) of two commonly
employed indices, D/P (tree cover index)
and Iph (aridity index), determined that
while a count of around 200 diagnostic
phytoliths appeared to be a good starting
point, the value of the index and the
number of diagnostic phytoliths together
determined the statistical significance of the
result. She also argues that for vegetation
inference, more skewed samples towards
a particular vegetation signature show
more statistical significance than evenly
distributed  assemblages  (Stromberg
2009). This serves to demonstrate that,
as with extraction methods, effective
and statistically valid counting methods
depend upon the nature of the assemblage
and the number of diagnostic morphotypes
that are present, and these factors should be
considered both when counting phytoliths
and when analysing the subsequent data
(Roberts (unpublished thesis)).

Faecal Spherulites

Structure and formation of faecal

spherulites

In 1983 Brochier carried out a
comparative study of fresh ovicaprine
droppings and Neolithic deposits from
four caves in France and Greece, and
proposed that archaeological deposits of
sheep/goat dung could be determined
through the presence of faecal spherulites
in association with grass phytoliths in
sediments (Brochieret al. 1992). Further
ethnoarchaeological and geological work
in Sicily reinforced these discoveries, and
determined that faecal spherulites are
always present in sheep droppings but

sometimes absent from goat droppings,
and never present in rabbit faeces (Brochier
et al. 1992). Through further investigation,
Canti determined that the largest number
of faecal spherulites are produced by
ruminants (sheep, cow, goat, deer), low
numbers are produced by omnivorous and
carnivorous species (pig, human, badger,
dog, cat, fox), and they are not produced
by caecal digesters (horse, rabbit, hare)
(Canti 1999, 1997).

Faecal spherulites can be identified in
sediment samples (and distinguished from
calcium oxalate druses) by their size (much
smaller than calcium oxalate druses), and
the presence of a permanent extinction
cross in crossed polarised light (Canti 1997,
1998) (Canti 1997; 1998). Faecal spherulites
have a detached inner core, which is
frequently visible under plane polarised
light, and an organic outer coating.

Bysamplingsectionsofsheepintestines,
Canti was able to determine that faecal
spherulites are absent in the upper acidic
small intestine but become abundant in the
more alkaline lower sections of the small
intestine. The spherulites form when
acidic chyme containing Ca2+ and ClI-
ions from the breakdown by hydrochloric
acid of calcium rich plant cell walls, plant
calcium oxalates and calcite ingested in
soil is neutralised by secretions rich in
sodium bicarbonate lower in the small
intestine. These conditions are ideal for the
formation of calcium carbonate spherulites
(Canti 1999; Roberts (unpublished thesis)).

Preservation of faecal spherulites

Experiments have shown that faecal
spherulites will dissolve in distilled
water if subject to constant stirring,
although not in calcareous water, and
they are therefore sensitive to water flow
through sediment. In simulating leaching
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conditions for various pH values (Canti
1999). A pH below 7.7 is detrimental to
faecal spherulite preservation, however it
is important to note that if the dung has
been burned the pH value will be much
higher, and therefore the spherulites are
more likely to be preserved in dung ash
(Canti 1999). Faecal spherulites may be
victim to bioturbation if consumed by
meso-organisms whose digestive tract
would then destroy them (Canti 1999).

Fig. 2. Photograph of a faecal spherulite
under a) plane light, showing dislocated inner
core in the centre; and b) crossed polarised
light, showing extinction cross. Scale bar is
10pum (Roberts (unpublished thesis)) acidic
chyme containing Ca2+ and Cl- ions from the
breakdown by hydrochloric acid of calcium
rich plant cell walls, plant calcium oxalates
and calcite ingested in soil is neutralised by
secretions rich in sodium bicarbonate lower
in the small intestine. These conditions are
ideal for the formation of calcium carbonate
spherulites (Canti 1999; Roberts (unpublished
thesis)).

Discussion: uses of micro-
environmental data in understanding
human-environment interactions in
Kazakhstan

This section will look at some of

the ways in which phytolith and faecal
spherulite data have been used to answer
archaeological questions. The focus of the
literature referenced here will be on those
studies which are of direct relevance to the
study of human-environment interactions
in Kazakhstan, and it is important to note
that this is not an attempt to encompass
all the many and varied ways in which
phytolith data have been employed in
archaeology (a comprehensive review can
be found in Piperno 2006).

Identification of cereals

As outlined above, many studies have
been focused on identifying domesticated
cereals in the phytolith record (Rosen,
Chang, and Grigoriev 2000; Pearsall 2016;
Piperno 2006; 'oasesa 2001), which means
that agricultural activity is identifiable
in the archaeological phytolith record in
Kazakhstan using existing international
reference collections and publications
(Figure 3). This also opens the possibility
for the calculation of the ubiquity of
cereals in the same way as macrobotanical
assemblages (Pearsall 2010), allowing for
a direct numerical comparison between
macrobotanical and phytolith data
(Weisskopf, Deng, et al. 2015; Roberts
(unpublished thesis)). At the Bronze
Age site of Tasbas, Zhetysu, the author
identified wheat, barley and millet (Setaria
italica and Panicum miliaceum) (Doumani
et al. 2015). At the Iron Age site of Tuzusai,
Zhetysu, Arlene Rosen identified wheat,
barley, millet and possibly rice (Rosen,
Chang, and Grigoriev 2000), with wheat,
barley and millet being confirmed in
further analyses by the author (Roberts
(unpublished thesis)). At the medieval
settlement of Jankent, Kyzylorda, wheat
was identified in the phytolith record
(D. A. Gavrilov et al. 2016), while at the
medieval city of Talgar, Zhetysu, millet,
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Fig. 3. Multi-celled grass phytoliths from archaeological sites in Kazakhstan that have been identified

to genus level or beyond: a) barley husk (Hordeum sp.); b) wheat husk (Triticum sp.), having large

sometimes irregular dendritic wave pattern, papillae having 10-12 pits; c), d) and e) silica skeletons

characteristic of Phragmites australis, c) stem and d) & e) epidermal layer with many stomata; f)

Setaria italica husk, having symmetrical rounded dendritic forms; g) & h) Panicum miliaceum husk,

having asymmertrical ‘finger-like’ dendritic forms. Scale bar in each photograph is 10um (Roberts
(unpublished thesis)

barley, rice, and oats were identified (I'o-
aneBa 2001 cited in bamrranauk 2007).

Agricultural practices

In addition to identifying the types of
cereals being cultivated, phytolith data
can also be used to indicate agricultural
practices. As noted above, research into the
identification of irrigation using phytolith
assemblages has been carried out by Rosen
and Weiner (1994), Madella et al. (2009),
Jenkins et al. (2016), and Weisskopf et al.
(Weisskopf, Qin, et al. 2015), with results

indicating that changing water availability
does have an impact on the nature of
phytolith assemblages, meaning thatitmay
be possible to identify cereals which have
been irrigated through the ratio of ‘fixed’
and ‘sensitive’ phytolith forms which
respond to water availability, or (as argued
by Rosen and Weiner 1994) through an
increased number of conjoined phytoliths
(Roberts (unpublished thesis)). Analysis
of medieval irrigated soils from Bozok
archaeological district, North Kazakhstan
by M. Khabdulina and D. Gavrilov
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employed multivariate statistical analysis
of phytolith assemblages in combination
with soil chemistry analysis to reveal that
ancient irrigated soils can be identified
in the archaeological record (D. Gavrilov
and Khabdulina 2018).  Phytoliths also
have the potential to provide information
about crop processing. Harvey and Fuller
(2005) propose a model whereby phytolith
forms attributable to different parts of the
plant, such as leaves and stems, and husks,
can be used to identify different stages of
crop processing. This has the potential to
inform about the differing use of space
in an archaeological site, and the use and
disposal of crop processing waste, for
example as temper or fuel, such as in the
mud brick at Tasbas (see below) (Doumani
et al. 2015). At Talgar, a lack of phytoliths
specific to the stems of rice was noted,
leading to the conclusion that rice was
an imported cereal, as opposed to the
other cereals whichappear to have been
cultivated nearby due to the presence of
stem fragments (I'oasesa 2001).

Identification of fuel sources,

land use, building materials

Analysis of the ratio of woody
dicotyledenous plants to grasses (D/P°
ratio) can provide an indication of the
amount of wood material brought to the
site relative to that from grasses, which
may indicate aspects such as choices in fuel
types (wood versus dung) (Piperno 2006).
Environmentally indicative species, such
as wetland species like Phragmites sp. can
add further information about the use of
plant matter in craft and construction, such
as choices in building materials. At the
Bronze Age settlement of Ajtman, Ustyurt
plateau, wetland species were identified in
the phytolith assemblage, indicating that
its inhabitants harvested plant matter such
as reeds from a nearby freshwater source

such as a spring or lake, now non-existent
in the area, a conclusion reinforced by the
presence of sponge spicules, diatoms and
flax fibre (Aomakosa and I'aBpuaos 2015).

In a recent study of the kurgans at Koy-
Gunzhar cemetery, North Kazakhstan,
the identification of phytoliths from
Phragmites sp., together with co-occurring
aquatic micro-remains such as diatoms
and sponge spicules was combined with
analysis of soil chemistry to conclude that
soils from nearby wetland environments
were favoured in the construction of the
mounds (D. A. Gavrilov et al. 2022). This
observation of the use of wetland/marshy
sods in the construction of kurgans has
also been recorded by Z.S. Samashev
at the burial ground of Eleke Sazy, East
Kazakhstan (Samashev 2021). The analysis
of phytoliths preserved in mud bricks
can also shed light on the technology and
‘recipes’ behind this construction material.
At Tuzusai, two different colours of mudof
mud brick were observed in the Iron
Age phases of the settlement. Analysis of
the plant matter used as temper in their
creation found that both types of mudbrick
had similar compositions in terms of
the relative percentages of different
morphotypes in the phytolith assemblages,
however the smaller yellow mud bricks
associated with internal walls and floors
had a far lower density of phytoliths than
the larger red-brown mud bricks that were
associated with foundations, indicating
that mud bricks were made to different
‘recipes’ according to structural need
(Chang and Beardmore 2016). At Tasbas,
both whole grains and chaff of barley were
found to have been included in the mud
brick surrounding a hearth (Doumani et
al. 2015).

Where preserved, faecal spherulites
indicate the presence of dung, and as Canti
(1999) pointed out, dung which has been

58

Ne3 (102) /2023



Rebecca C. Roberts Y

£,

Q,
4

-
D

0
)

B oR
7

[

turned to ash is more likely to preserve
spherulites. This is particularly useful
for answering questions about the use of
animal dung for fuel, since the presence
of spherulites in a hearth context indicates
the presence of dung as fuel (Lancelotii and
Madella2012), and thisinformationislikely
tobe preserved due to the alkaline nature of
ash. In an experimental archaeology study
on deposits from Butser Ancient Farm,
Macphail reported variable preservation
of spherulites depending on the pH of
the deposit, which demonstrates that
spherulites will not necessarily be found in
contexts where dung was deposited, and
therefore their absence does not indicate
the absence of dung (Macphail et al. 2004).
As an exploratory exercise to test the
potential of archaeological sediments from
Kazakhstan, the author mounted a known
mass of archaeological sediment (c.2mg)
directly to slides from the archaeological
sites of Tuzusai (Iron Age), Tasbas (Bronze
Age), and Turgen II (Iron Age) in
theZhetysu region. Faecal spherulites
were present in samples from all 3 sites. At
Tuzusai and Turgen in particular, there was
a marked difference between presence of
faecal spherulites in ashy contexts vs. floor
contexts, indicating that further studies
in combination with phytolith analysis
have the potential to explore the history
of the use of animal dung as fuel and
building material in Kazakhstan (Roberts
(unpublished thesis)).

Climate reconstruction

Phytolith data have been used to
indicate past climate and land use through
the calculation of two climaticindices using
single cell morphotypes that are particular
to the Pooid, Panicoid and Chloridoid
subfamilies of grasses, as identified by
Twiss et al. (1969). These are the climatic
index, Ic, and the aridity index Iph
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(Alexandre et al. 1997; Piperno 2006, 32-34;
Stromberg 2009). In addition, vegetation
cover can be indicated through the ratio
of phytoliths from woody dicotyledonous
plants to those from grasses (D/P°)
(Piperno 2006; Roberts (unpublished
thesis)). The climatic indices have the
potential to inform about trends in climate
over time, particularly for archaeological
sites that have a long occupation history.
At Tasbas, the climatic index (Ic) indicated
the increasing exploitation of warmer
environments over time, with a return to
cooler environments in the later phase,
while the ratio of phytoliths from woody
dicotyledonous plants to those from
grasses (D/P°) fell over time and the
aridity index (Iph) indicated the increasing
presence of dry-adapted grasses over the
same period (Doumani et al. 2015). Further
such studies could shed light on localised
responses to large-scale climatic trends
across the territory of Kazakhstan.

Conclusion

The overview presented here brings
together the history, background, and
methods in the study of two different
types of micro-environmental remains
from archaeological sediments: phytoliths
and faecal spherulites. It has been
demonstrated that there is now a solid
foundation of micro-environmental work
in Kazakhstan, but that there is great scope
to build the discipline in the country. The
need for a national reference database
has  beenhighlighted, and it is hoped
that such an initiative could be achieved
through an international collaborative
effort. The study of micro-environmental
remains in archaeological sediments
provides novel insights into past
agriculture, craft, construction, climate,
and human-animal interactions on the
territory of Kazakhstan, and further
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studies can only add to our understanding  people interacted with their environments
of the rich and complex ways in which  in the past.
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APXEOAOI'MIAAATBI MUKPOOPTA KAAABIKTAPBI: ®DUTOAUTTEP MEH
DOEKAAAI COEPOAUTTEP )KOHE OAAPAbl KASAKCTAHHBIH,
APXEOAOI'MABIK KABATTAPBIHAAYTBI AAAM MEH KOPIIIAYAH
OPTAHBIH SPEKETTECYIH 3EPTTEYI'E KOA4AHY

AnnoTtanms. by Makaaaga apXxeoA0TUAABIK 3epTTey KabaTTapblHaH TaObLAFaH M-
KpoopTa KaAAbIKTapbiH (GuTtoaAnTTep MeH dekaaai cpepoanTrep) 3epTrey HoTUXKeCiHAe
JKMHaKTa/AaTbIH apXeoAOTUAABIK MaTepuasdap >koHe oaapably Kasaxcran apxeoaorus-
CBIHAAFBI a4aM MeH KOplllaraH OpTaHBbIH ©3apa 9peKeTTecyiH Taajayda KOAAaHBIAYBI Ka-
pacTeipblaagbl. MuKpoopTa KaaAbIKTapbIHBIH €Ki TYPiHiH 3epTTeAy TapyXblHa KbICKallla
II10AY >KacaAblll, >KMHaKTaAy IIpoliecTepi MeH Ta(pOHOMUKAABIK IIpollecTep Ae KapacThl-
prlaaapl. KasakcraHaarbl apXeoAOTUAABIK KabaTTap4aH aAblHFaH MblcadapAbl Nalijala-
Ha OTBIPBIII, MaKalaja coa Ke3JeTi adaM MeH KOpIllaFaH OpTaHbIH ©3apa opeKeTTecyaepi
Typaasbl TYCiHIK OepeTiH ¢putoautTep MeH Ppekaaai chepoantrepai raasayiad aAbIHFAH
aKIapar TypAepiH 3epTTeiAl.

Kiar cesaep: puroaut, pekaaai cpepoant, apxeoa0rusi, 9KOAOTUABIK apXxeoDo-
TaHUKA.
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OCTATKUN MUKPOCPEADBI B APXEOAOI'MN: PUTOANTDBI 1 PEKAAbHBIE
COEPOAUTEI Y1 UX IPUMEHEHUE AA51 UI3YYEHUS B3AUMO AEVMCTBUSI
YEJOBEKA U OKPY>XKAIOIIEN CPEABI B APXEOAOTUYECKMX
OTAOXEHUMAX KASAXCTAHA

Annoranusi. B 9TOI cTaThe MCCACAYIOTCS apXeO0AOTMdYecKue MaTepuaabl, KOTO-
pble MOTYT OBITH cOOpaHBI B pedyabTaTe M3y4eHMs OCTaTKOB MUKpocpeabl (PpUTOAUTOB
1 geKaabHbIX CPepOAUTOB), U3BA€UEHHBIX U3 apXe0AOTMYeCcKNX OTAOXKEHUI, U UX HpU-
MeHeHMe IIPpU aHaAu3e B3aMOACIICTBII YeA0BEKa U OKPY>KaloIen cpebl B apXe0A0TUI
Kaszaxcrana. Jan KkpaTknit 0030p UCTOPUM U3YIeHUS ABYX TUIIOB OCTaTKOB MUKPOCPeABI,
a Tak>ke pacCMOTpPeHBI Imporeccsl GOPMUPOBAHNS CKOIIAeHMIT 1 TadpOHOMIUYECKIe TIPO-
neccol. Vicrioanr3ys npumepsl U3 apxeoAornmyecknx oraoxkenun B Kaszaxcrane, B crarbe
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