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Microbiomorphic analysis is a detailed study of microscopic particles of bio-

genic nature (plant detritus, phytoliths, shells of diatoms, spicules of sponges, 

pollen, etc.). Each of such particles characterizes environmental conditions at 

the time of its formation and, therefore, provides useful information for palae-

oenvironmental reconstructions. The Early Pleistocene deposits were studied 

in Armenia at the sites, where tools of ancient hominids (Early Acheulian) 

were found. The genesis of these deposits was identified. It was shown that 

these ancient alluvial-lacustrine sediments were transformed by soil-forming 

processes. The environmental conditions at the time of the ancient hominids’ 

migration were reconstructed. 
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INTRODUCTION 

Microbiomorphic analysis is a study of microscopic biogenic 

particles with characteristic morphological features. This is a compre-

hensive analysis of the quantity and quality of plant detritus (wood and 

grass), fossil grass cuticules, phytoliths, shells of diatoms, spicules of 

sponges, etc. Each of such particles bears information on environmen-

tal conditions (natural or anthropogenic) at the time of its formation. 

The times of different particles’ formation partly overlap, which allows 

independently control and supplement data from each source. As a re-

sult, multifaceted and valid information on palaeoenvironmental condi-

tions within a specific site can be obtained. 

This method of analysis is very useful for resolving problematic 

questions on soil genesis, with especially valuable applications in pale-

osol and archaeological research. It is most often applied to the Holo-
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cene soils and sediments of different genesis (Golyeva et al., 1994; 

Golyeva, 2009; 2011; Kiryushin et al., 2012). A good preservation of 

all the components analysed in this method is necessary for successful 

palaeoenvironmental reconstructions. 

OBJECTS AND METHODS 

A high informative capacity of a complex microbiomorphic 

analysis is illustrated in the present paper by the example of research 

on the Karakhach archaeological monument located in the north of 

Armenia, at the south-eastern foot of the Dzhavakhetsky Ridge (about 

1800 m a.s.l.). A new series of Acheulian sites with stratified profiles 

was discovered at this location by an Armenian–Russian research ex-

pedition (Aslanyan et al., 2007; Lyubin and Belyaeva, 2011, 2012). 

The diggings revealed sites of the Early Acheulian stone industry 

(Belyaeva and Lyubin, 2012, 2013). The SIMS U-Pb dating of the low-

er part of an artefact-rich layer provided the following results: 

1.750 ± 0.020; 1.799 ± 0.044; 1.804 ± 0.030 and 1.944 ± 0.046 million 

years (Presnyakov et al., 2012).  

The aims of the research included reconstruction of palaeoenvi-

ronmental conditions within that unique area inhabited by the ancient 

hominids. According to one reconstruction (Trifonov et al., 2015), 

there was a small valley with a meandering river in between the hills 

that received regular inputs of volcanic ash from the growing Caucasus 

Mountains. However, it still remained uncertain whether the soil sur-

face was stable within this area and all the local artefacts were found in 

situ, but not re-deposited by diluvial or alluvial processes. 

Because of the very old age of the deposits studied, there were 

no proper palaeosols identified. However, there were thin soil-like lay-

ers between coarse stone and volcanic ash strata, which allowed sug-

gesting that there were short periods of surface stability and soil for-

mation (Sedov et al., 2011; Khokhlova et al., 2014; 2015). 

The above hypothesis was verified with the use of the microbi-

omorphic analysis. Two samples were taken in two replications from 

one of the ancient soil-like layers (at a depth of 5.6–5.9 m from the 

modern surface). The standard sample treatment technique was used 

(Golyeva, 2008, 2012). The light fractions rich in biogenic silica were 

separated and studied under an optical microscope (magnification 

× 400) and also a scanning electron microscope (SEM). The latter pro-
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vided additional information on the composition of the microbiomor-

phic fraction in the samples studied. The quantitative and qualitative 

analyses of the particles were conducted. The quantities of the particles 

were re-calculated for the slide area (24 × 24 mm) to allow the data 

standardizing and making comparisons between different samples. 

The biogenic silica particles found in the samples included phyto-

liths, shells of diatoms and spicules of sponges. While the phytoliths 

generally characterise the terrestrial plant community composition, the 

diatoms and sponges are aquatic organisms. However, they prefer differ-

ent aquatic habitats: diatoms are usually found in stagnant and slowly 

flowing waters, while sponges are more typical for fast flowing waters.  

RESULTS AND DISCUSSION 

The samples contained only biogenic silica particles. The ab-

sence of microbiomorphs of other genesis (e.g., plant detritus and fun-

gal hyphae) can be explained by the very old age of the deposit. The 

quantity of phytoliths in the samples studied was higher than usual for 

soils. In total, each sample contained 5280–5470 particles of biogenic 

silica, whereas normally only 1560–1800 units of such kind could be 

found in topsoils. The increased quantity of these particles has proba-

bly resulted from the import of fine earth, e.g., with flowing water.  

The assemblage of phytoliths had a complex composition (Ta-

ble). There were phytoliths from plants that belonged to different eco-

logical niches – dry steppe, wet meadows and subtropical ecosystems. 

Such composition is typical for topographic depressions, where various 

fine particles have been brought from higher grounds and accumulated. 

Such geomorphological position favours the formation of a mixed as-

semblage of phytoliths, which allows reconstructing the ancient vegeta-

tion cover not only at the site, but also over its surrounding lands at 

higher elevations. It should be mentioned that the preservation of phy-

toliths was surprisingly good in the samples studied, with even smallest 

details remaining intact (Fig. a–d). A high degree of phytoliths preser-

vation allows suggesting with full confidence that the soil-like layers of 

the ancient deposits were remaining in place until their burial under the 

volcanic ash.  

Apart from the phytoliths, there were shells of diatoms and sin-

gle spicules of sponges in the samples studied. Revealing the diatom 

shells was only possible under a SEM with great magnifications, be- 
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The phytolith assemblage composition 

Sample № Depth, cm Total (%) 1 2 3 4 5 6 

1Krch 5.90–5.60 100 53 13 21 7 – 6 

2Krch 5.90–5.60 100 48 10 26 10 4 2 

Note: The numbers correspond to the following groups of phytoliths: 1 – di-
cotyledons, 2 – forest grasses, 3 – meadows grasses, 4 – steppe and arid grass-

es, 5 – reed grass, 6 – subtropical plants. 
 

  

  

  
The diversity of silica microbiomorphs and their preservation degrees, where 

a–d are different forms of phytoliths; e – is a fragment of diatom; f – is a 

sponge spicule. 

a b 

c d 

e f 
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cause they were represented only by small fragments (Fig. e). The 

sponge spicules were corroded (Fig. f). 

Such a discrepancy between the almost ideal preservation of 

phytoliths and the almost total destruction of diatom shells and sponge 

spicules can be given only one explanation. Originally this soil-like 

layer was formed within the lowland with a flowing watercourse and 

temporary stagnant water that provided for the accumulation of sponge 

spicules and diatom shells. Later the lowland became drier, which al-

lowed for the development of automorphic soils. The pedogenic pro-

cesses favoured the accumulation of phytolith assemblages as well as 

the fragmentation of diatom shells and the corrosion of sponge spicules 

within the ancient soil layer. Therefore, the fragmented appearance of 

diatom shells can be considered as independent evidence to support the 

hypothesis that the layer studied was ancient soil.  

These are the general conclusions of the research conducted: 

1. The ancient deposit at the Karakhach site was formed by allu-

vial and lacustrine sediments (including oxbow lake sediments). 

2. These aquatic sediments gradually dried out and underwent 

automorphic soil formation processes. 

3. The vegetation cover within the study area was represented by 

savanna-type grassland ecosystems that included wet meadow species, 

xenomorphic grasses and single foliate trees in automorphic topograph-

ic positions. 

4. The palaeoclimate of the study area at the Early Acheulian 

times can be defined as humid subtropics.  

Our conclusions on the Karakhach site independently coincided 

with the results of the phytolith analysis of the samples from the Dmanisi 

site in Georgia (Messager et al., 2010, 2011). An independent interpreta-

tion resulted from different methodological approaches to studying and 

identifying the morphological types of phytoliths. Therefore, it is very 

important that the conclusions and palaeoenvironmental reconstructions 

resulting from of both studies were completely similar. The Dmanisi site 

is located 30 km to the north of the Karakhach site, at similar altitudes. 

The coincidence of the conclusions from these studies confirms the fol-

lowing: about 1.9–1.8 million years ago along the modern border area 

between Armenia and Georgia there was humid subtropical climate that 

favoured the land colonization by the ancient hominids. 



Byulleten Pochvennogo instituta im. V.V. Dokuchaeva. 2016. Vol. 86. 

 159 

Thus, the given example illustrates the informative capacity of 

the microbiomorphic analysis for palaeoenvironmental reconstructions.  
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