Serteya

Microbiomorphical analysis

1. Objects of study. Of the entire large sample, 105 randomly selected samples were examined.

2. Method used. Since all samples had a black color due to a large amount of organic matter, first of all, for microbiomorphic analysis, they were treated with 30% hydrogen peroxide (30% H2O2) at room temperature. This is included in the standard sample preparation to break down organo-mineral compounds and disperse the sample. Hydrogen peroxide is added until the end of the reaction, that is, until the available forms of organics are completely removed. The result of the processing was a sharp decrease in the weight of the original sample: from 28-29% (samples 94-96) to 88% (sample 101) (table 1). The exception is sand sample 105 (depth 1334 cm). The average weight loss is about 60-70%. Given the relatively small weight of the initial samples (less than 1 gram in most cases), the volume of the preparation after peroxide treatment made it impossible to follow the standard procedure further (separation of the dusty fraction and centrifugation with a heavy liquid), since in most cases the sample would be “lost”. This showed that the samples contain more complex and durable organic and organo-mineral compounds. The black color of the preparation will interfere with the detection of organic forms of silica when working on an optical microscope, since they are transparent and colorless.

The revealed fact called for the use of an electron microscope, which makes it possible to examine details even in samples of extremely small weight. An electron scanning electron microscope (SEM) JEOL 6610LV (JEOL, Japan) was used. The most characteristic and frequently encountered particles were photographed. To refine the chemical composition of individual particles, an INCAx-act (MAn) microanalyzer (Oxford Instruments, UK) was used in 47 samples (Table 1). The elemental composition spectra are presented in separate files.

Table 1. List of samples reviewed, post-treatment weight loss (gr and %), and methods used.

	№
	Depth, cm
	Weight, gr
	%
	SEM
	MAn

	
	
	Before Н2О2
	After Н2О2
	Before Н2О2
	After 

Н2О2
	Weight loss
	
	

	1
	4
	0,06
	0,02
	100
	33
	67
	+
	+

	2
	20
	0,19
	0,13
	100
	68
	32
	+
	

	3
	36
	0,13
	0,03
	100
	23
	77
	+
	

	4
	52
	0,21
	0,05
	100
	24
	76
	+
	+

	5
	69
	0,20
	0,12
	100
	60
	40
	+
	

	6
	84
	0,13
	0,08
	100
	62
	38
	+
	+

	7
	94
	0,15
	0,03
	100
	20
	80
	+
	+

	8
	110
	0,14
	0,04
	100
	29
	71
	+
	+

	9
	126
	0,16
	0,02
	100
	13
	87
	+
	

	10
	142
	0,23
	0,03
	100
	13
	87
	+
	

	11
	158
	0,11
	0,08
	100
	73
	27
	+
	+

	12
	174
	0,29
	0,04
	100
	14
	86
	+
	

	13
	188
	0,07
	0,02
	100
	29
	71
	+
	+

	14
	204
	0,12
	0,05
	100
	42
	58
	+
	+

	15
	220
	0,06
	0,04
	100
	66
	34
	+
	+

	16
	236
	0,07
	0,03
	100
	43
	57
	+
	

	17
	252
	0,04
	0,02
	100
	50
	50
	+
	

	18
	268
	0,1
	0,05
	100
	50
	50
	+
	

	19
	286
	0,23
	0,15
	100
	65
	36
	+
	

	20
	302
	0,16
	0,04
	100
	25
	75
	+
	

	21
	318
	0,16
	0,02
	100
	13
	87
	+
	+

	22
	334
	0,05
	0,02
	100
	40
	60
	+
	+

	23
	350
	0,09
	0,04
	100
	44
	56
	+
	

	24
	366
	0,09
	0,01
	100
	11
	89
	+
	+

	25
	372
	0,03
	0,01
	100
	33
	67
	+
	

	26
	380
	0,07
	0,02
	100
	29
	71
	+
	

	27
	384
	0,05
	0,01
	100
	20
	80
	+
	

	28
	388
	0,05
	0,01
	100
	20
	80
	+
	

	29
	396
	0,06
	0,01
	100
	17
	80
	+
	

	30
	400
	0,05
	0,01
	100
	20
	80
	+
	

	31
	404
	0,06
	0,02
	100
	33
	67
	+
	

	32
	412
	0,09
	0,01
	100
	22
	78
	+
	

	33
	416
	0,10
	0,01
	100
	10
	90
	+
	

	34
	420
	0,06
	0,01
	100
	17
	83
	+
	

	35
	428
	0,06
	0,01
	100
	17
	83
	+
	

	36
	432
	0,13
	0,02
	100
	15
	85
	+
	

	37
	436
	0,72
	0,02
	100
	3
	97
	+
	

	38
	444
	0,05
	0,01
	100
	20
	80
	+
	

	39
	450
	0,11
	0,02
	100
	18
	82
	+
	+

	40
	466
	0,23
	0,06
	100
	26
	74
	+
	+

	41
	482
	0,16
	0,1
	100
	62
	38
	+
	

	42
	498
	0,17
	0,05
	100
	29
	71
	+
	

	43
	514
	0,17
	0,1
	100
	59
	41
	+
	

	44
	530
	0,15
	0,02
	100
	13
	87
	+
	+

	45
	546
	0,09
	0,03
	100
	33
	67
	+
	+

	46
	552
	0,19
	0,04
	100
	21
	79
	+
	+

	47
	576
	0,12
	0,05
	100
	42
	58
	+
	

	48
	592
	0,21
	0,05
	100
	24
	76
	+
	+

	49
	608
	0,17
	0,06
	100
	35
	65
	+
	

	50
	624
	0,21
	0,04
	100
	19
	81
	+
	+

	51
	639
	0,39
	0,09
	100
	23
	77
	+
	

	52
	663
	0,4
	0,11
	100
	27
	73
	+
	+

	53
	679
	0,24
	0,05
	100
	21
	79
	+
	

	54
	695
	0,4
	0,02
	100
	5
	95
	+
	

	55
	711
	0,50
	0,03
	100
	6
	94
	+
	

	56
	727
	0,2
	0,03
	100
	15
	85
	+
	

	57
	740
	0,18
	0,01
	100
	6
	94
	+
	+

	58
	756
	0.13
	0.035
	100
	27
	73
	+
	

	59
	760
	0.2
	0.062
	100
	31
	69
	+
	+

	60
	764
	0.2
	0.053
	100
	27
	73
	+
	+

	61
	768
	0.22
	0.051
	100
	23
	77
	+
	

	62
	772
	0.22
	0.07
	100
	32
	69
	+
	+

	63
	776
	0.25
	0.1
	100
	40
	60
	+
	+

	64
	780
	0.24
	0.059
	100
	21
	79
	+
	

	65
	784
	0.25
	0.052
	100
	21
	79
	+
	+

	66
	788
	0.25
	0.042
	100
	17
	83
	+
	+

	67
	792
	0.19
	0.046
	100
	24
	76
	+
	+

	68
	796
	0.11
	0.027
	100
	25
	75
	+
	+

	69
	800
	0.17
	0.046
	100
	27
	73
	+
	+

	70
	804
	0.12
	0.026
	100
	22
	78
	+
	

	71
	812
	0.08
	0.021
	100
	26
	74
	+
	

	72
	816
	0.16
	0.038
	100
	24
	76
	+
	+

	73
	826
	0.24
	0.054
	100
	23
	77
	+
	+

	74
	834
	0.22
	0.053
	100
	24
	76
	+
	

	75
	854
	0,22
	0,04
	100
	18
	82
	+
	

	76
	882
	0.24
	0.093
	100
	39
	61
	+
	

	77
	890
	0.16
	0.04
	100
	25
	75
	+
	+

	78
	904
	0.36
	0.051
	100
	14
	86
	+
	+

	79
	908
	0.31
	0.101
	100
	33
	67
	+
	+

	80
	920
	0.35
	0.08
	100
	23
	77
	+
	+

	81
	932
	0.38
	0.077
	100
	20
	80
	+
	+

	82
	952
	0.35
	0.123
	100
	35
	65
	+
	

	83
	976
	0,28
	0,06
	100
	21
	79
	+
	

	84
	1001
	0,45
	0,08
	100
	18
	82
	+
	

	85
	1020
	0,33
	0,09
	100
	27
	73
	+
	

	86
	1045
	0,32
	0,07
	100
	22
	78
	+
	

	87
	1068
	0,45
	0,1
	100
	22
	78
	+
	

	88
	1096
	0,43
	0,12
	100
	28
	72
	+
	

	89
	1116
	0,39
	0,1
	100
	26
	74
	+
	

	90
	1140
	0,45
	0,14
	100
	31
	69
	+
	

	91
	1164
	0,45
	0,17
	100
	38
	62
	+
	

	92
	1190
	0,73
	0,34
	100
	47
	53
	+
	

	93
	1198
	1,25
	0,48
	100
	38
	62
	+
	+

	94
	1214
	1,62
	1,16
	100
	72
	28
	+
	

	95
	1238
	1,38
	0,98
	100
	71
	29
	+
	

	96
	1254
	0,98
	0,7
	100
	71
	29
	+
	

	97
	1270
	1,67
	0,45
	100
	27
	73
	+
	+

	98
	1278
	1,86
	0,63
	100
	48
	52
	+
	+

	99
	1282
	3,66
	1,98
	100
	54
	46
	+
	+

	100
	1290
	2,92
	1,36
	100
	46
	54
	+
	+

	101
	1294
	3,22
	0,37
	100
	12
	88
	+
	+

	102
	1302
	2,54
	0,85
	100
	33
	67
	+
	+

	103
	1314
	0,88
	0,14
	100
	16
	84
	+
	+

	104
	1319
	0,10
	0,05
	100
	50
	50
	+
	+

	105
	1334
	10,30
	10,26
	100
	99
	1
	+
	+


Morphological descriptions and designations of phytoliths were based on the International Code for Phytolith Nomenclature (ICPN) 2.0 (International Code.., 2019) and their biocenotic characteristics were defined according to (Golyeva, 2007). To conduct a comparative analysis of some forms of phytoliths, we used our own database.
3. Results and discussions

All detected particles of biogenic and mineral nature are given in Table. 2, in which semi-quantitative data is noted for biogenic amorphous silica particles. 
3.1. The first large group consists of biogenic particles, consisting mainly of amorphous silica.
3.1.1. The first two columns show the presence of diatom shells and sponge spicules, which are aquatic organisms. It should be noted that spicules are somewhat rarer than diatoms. At that time, diatoms are present in large accumulations, while spicules are rare (shown in the photographs). But if the shells of algae in the vast majority of cases are represented by fragments of different sizes, then the spicules are mostly intact, without signs of corrosion. Perhaps this is due to the history of the sediment formation, when long periods of stagnant or weakly flowing water near the reservoir were replaced by relatively short periods with a stronger current. Noteworthy is the small size of the shells of most algae (on average, 10 µm long and 5 µm wide). Larger fragments are rare and in a small number of samples. Probably, the sizes of the shells reflect the ecological conditions of their formation. 
In the upper part of the studied sediment column (samples 1-33), there are no particles characterizing increased watering, or these particles are single, which may be due to their accidental introduction. The exception is sample 28 (depth 388 cm). Perhaps there was a short period when there was open stagnant water on the site (pond, lake, oxbow lake). Diatom shells and sponge spicules are stably present from a depth of 420 cm to a depth of 1319 cm. This indicates that the entire lower sequence is composed of water sediments.
Comparative analysis of the distribution of these particles showed alternation of maxima of sponge and diatom spicules in depth. The abundance of sponge spicules was recorded at depths of 428-444, 514-546, 826, 1096-1164 cm (samples 35-37, 43-45, 73 and 88-91, respectively). Diatom shells are either not present at all in these samples, or they are rare. On the contrary, in samples with an abundance of diatoms, spicules are rare or absent. Small exceptions are deposits at depths of 679.816, 854 and 952-1001 cm (samples 53, 72, 75 and 82-84, respectively), where the ratio of particles is relatively the same.
Diatoms prefer calm, stagnant or low-flowing water, while sponge spicules prefer flowing (river waters). The revealed specifics of the distribution of hydrophilic organisms allows us to conclude that the types of water deposits change in the process of their formation.
3.1.2. The column "Phytoliths" includes all the variety of occurring forms, except for spherical ones, which are highlighted separately. These particles were found in only 31 samples out of 105 studied. At the same time, in all cases, the number of phytoliths is single or several. The exception is sample 2 (depth 20 cm). The total number of phytoliths in this sample was 11 pcs.

In the overwhelming majority of cases, these are ELONGATE ENTIRE morphotypes, characteristic of dicots and a number of monocots (forbs). In six samples: 3, 36, 65, 74, 76, 90 and 98 (depths 36, 432, 784, 834, 882, 1140, 1278 cm respectively), forms related to BLOCKY RESTANGULAR (needles) were found; in seven cases (20, 142, 174, 432, 482, 1198, 1270 cm) we can speak of ELONGATE SINUATE and POLYLOBATE morphotypes characteristic of meadow grasses (photographs). Sample 83 (976 cm) contains Bilobate phytolith’s morphotype and samples 7, 42 and 95 (94, 498 and 1238 cm) - Acute bulbosus. Both morphotypes are characteristic of meadow grasses. 
At a depth of 466 cm (sample 40), an original form of phytolith was found, similar to those that form in grains of barley, a cultivated cereal (Figure 1). It should be emphasized that this form is not unique (typical for barley), that is, it can be found in some wild cereals. Therefore, we can only cautiously assume that during the formation of this layer, barley was grown in the region.
In general, sediments of water origin are characterized by a small amount of phytoliths. This is due to the distance from the shore, the intensity of the currents, and a number of other less studied factors. According to the forms encountered, it can be assumed that the vegetation cover was meadow-forest with a predominance of coniferous trees.

3.1.3. Spherical forms of biogenic silica are distinguished into a separate group, since these forms may include moss phytoliths (SPHEROID PSILATE), cysts of golden algae (Chrysophyte cysts), pores of silicified integumentary tissues of plants, etc. Since many particles are fragmentary, they are represented by fragments to separate one from others is not possible. All of them consist mainly of silica with minor impurities of other elements (numerous spectra), which does not contradict the requirements for biogenic silicon formations. Although the small size of most of these forms (about 5 microns or less) allows them to be classified as phytoliths, since algae cysts are much larger - about 15 microns. It is possible that silicon cysts or fragments of organisms unknown to us were encountered during the work, since the variety of forms is very large. All these particles of various genesis are present in large quantities in almost all samples. The revealed large number and frequent occurrence of silicon spherical forms is typical for swampy water deposits, however, a detailed fixation of all occurring forms with the determination of their elemental composition was made for the first time.
We did not reveal any pattern in the distribution of these particles. Perhaps this is due to their different genesis. One can only note their some correlation with the presence of a large number of diatoms.  
3.2. The second group consists of non-biogenic silicon particles, both organic and mineral.

3.2.1. Organic particles are represented mainly by plant detritus (practically in all samples), single spores and pollen grains (samples from 760, 800, 812 cm) and fungal hyphae in sample 73 (826 cm) (photos and spectra). The presence of such particles is characteristic of samples enriched in organic matter.
3.2.2. Mineral particles are presented at the bottom of the column, starting from a depth of 908 cm. These are gypsum, calcite, phosphorus salts. It is difficult to draw any conclusions from these compounds. Perhaps the composition of the salts reflects the mineral composition of the water.
	Table 2. Diversity of semi quantitative biogenic and mineral particles in samples.

№
	Depth,

cm
	Biogenic amorphous silica* 
	Other particles 

	
	
	Shells of diatom
	Sponge spicules
	Phytoliths (without spherical forms)
	Spherical forms 
	Organic
	Mineral

	1
	4
	-
	-
	-
	+++
	Detritus
	

	2
	20
	-
	-
	+ +
	S
	Detritus
	

	3
	36
	-
	-
	+ 
	+
	Detritus
	

	4
	52
	-
	-
	-
	S
	Detritus
	

	5
	69
	-
	-
	-
	+
	Detritus
	

	6
	84
	-
	-
	-
	S
	Detritus
	

	7
	94
	+
	-
	+ 
	-
	Detritus
	

	8
	110
	-
	-
	-
	+
	Detritus
	

	9
	126
	-
	-
	S 
	S
	Detritus
	

	10
	142
	-
	-
	S 
	++
	Detritus
	

	11
	158
	-
	-
	-
	+
	Detritus
	

	12
	174
	-
	S
	S 
	++
	Detritus
	

	13
	188
	-
	-
	-
	+
	Detritus
	

	14
	204
	-
	-
	-
	S
	Detritus
	

	15
	220
	-
	-
	-
	+
	Detritus
	

	16
	236
	-
	-
	-
	-
	Detritus
	

	17
	252
	-
	-
	-
	+
	Detritus
	

	18
	268
	-
	-
	S  
	++
	Detritus
	

	19
	286
	-
	-
	-
	S
	Detritus
	

	20
	302
	-
	S
	S  
	+
	Detritus
	

	21
	318
	-
	-
	-
	+
	Detritus
	

	22
	334
	-
	-
	-
	++
	Detritus
	

	23
	350
	-
	-
	S 
	++
	Detritus
	

	24
	366
	-
	-
	-
	+
	Detritus
	

	25
	372
	S
	-
	-
	S
	Detritus
	

	26
	380
	-
	-
	-
	S
	Detritus
	

	27
	384
	-
	-
	-
	-
	Detritus
	

	28
	388
	+++
	-
	-
	-
	Detritus
	

	29
	396
	-
	-
	-
	-
	Detritus
	

	30
	400
	-
	-
	-
	-
	Detritus
	

	31
	404
	-
	-
	S 
	-
	Detritus
	

	32
	412
	-
	-
	-
	+
	Detritus
	

	33
	416
	-
	-
	-
	-
	Detritus
	

	34
	420
	+++
	+
	
	+
	Detritus
	

	35
	428
	-
	+++
	-
	S
	Detritus
	

	36
	432
	S
	+++
	+
	S
	Detritus
	

	37
	436
	-
	+++
	-
	-
	Detritus
	

	38
	444
	-
	+++
	-
	+
	Detritus
	

	39
	450
	+++
	-
	-
	+++
	Detritus
	

	40
	466
	+++
	+
	+
	+
	Detritus
	

	41
	482
	+++
	+
	S
	+
	Detritus
	

	42
	498
	+++
	+
	S
	+
	Detritus
	

	43
	514
	-
	++
	-
	+
	Detritus
	

	44
	530
	-
	++
	-
	+
	Detritus
	

	45
	546
	-
	+++
	-
	+
	Detritus
	

	46
	552
	+++
	+
	-
	+
	Detritus
	

	47
	576
	+++
	-
	-
	+
	Detritus
	

	48
	592
	+++
	S
	-
	+
	Detritus
	

	49
	608
	+++
	S
	-
	+++
	Detritus
	

	50
	624
	+++
	-
	-
	+++
	Detritus
	

	51
	639
	+++
	S
	-
	+++
	Detritus
	

	52
	663
	+++
	+
	-
	++
	Detritus
	

	53
	679
	+++
	++
	-
	+++
	Detritus
	

	54
	695
	+++
	S
	-
	+++
	Detritus
	

	55
	711
	+++
	S
	-
	++
	Detritus
	

	56
	727
	+++
	+
	-
	+++
	Detritus
	

	57
	740
	+++
	S
	S
	++
	Detritus
	

	58
	756
	+
	-
	+ 
	+
	Detritus
	

	59
	760
	S
	-
	-
	+++
	Detritus, spores 
	

	60
	764
	+
	+
	+
	S
	Detritus
	

	61
	768
	-
	-
	-
	-
	
	

	62
	772
	+++
	S
	-
	++
	
	

	63
	776
	++
	S
	-
	+++
	Detritus
	

	64
	780
	+
	-
	-
	+
	
	

	65
	784
	+
	-
	S 
	-
	
	

	66
	788
	+++
	-
	-
	+++
	
	

	67
	792
	+
	-
	S 
	+
	Detritus
	

	68
	796
	+++
	S
	-
	+++
	Detritus
	

	69
	800
	+
	-
	-
	++
	Pollen
	

	70
	804
	+
	+
	-
	+++
	
	

	71
	812
	-
	S
	-
	+
	Pollen
	

	72
	816
	+++
	++
	S 
	+++
	
	

	73
	826
	-
	++
	-
	+++
	Fungal hyphae
	

	74
	834
	-
	-
	S 
	+
	Detritus
	

	75
	854
	++
	++
	-
	+++
	Detritus
	

	76
	882
	+
	-
	S
	+
	Detritus
	

	77
	890
	++
	-
	-
	+++
	Detritus
	

	78
	904
	+++
	+
	-
	+
	Detritus
	

	79
	908
	+++
	-
	-
	+++
	Detritus
	Gypsum 

	80
	920
	++
	S
	-
	+++
	Detritus
	Gypsum, phosphorus

	81
	932
	+++
	-
	-
	-
	Detritus
	

	82
	952
	+
	+
	-
	+
	Detritus
	

	83
	976
	+++
	++
	+
	+++
	Detritus
	

	84
	1001
	++
	++
	-
	+++
	Detritus
	

	85
	1020
	++
	-
	-
	+++
	Detritus
	

	86
	1045
	+
	+
	S 
	+++
	Detritus
	

	87
	1068
	-
	S
	-
	++
	Detritus
	

	88
	1096
	S
	+++
	-
	++
	Detritus
	

	89
	1116
	-
	+++
	-
	+
	Detritus
	

	90
	1140
	-
	+
	S 
	+
	Detritus
	

	91
	1164
	-
	+++
	-
	+++
	Detritus
	

	92
	1190
	+++
	+
	-
	+
	Detritus
	

	93
	1198
	+++
	-
	S 
	++
	Detritus
	

	94
	1214
	+
	-
	-
	+++
	Detritus
	

	95
	1238
	++
	S
	+
	+
	Detritus
	

	96
	1254
	++
	-
	-
	++
	Detritus
	

	97
	1270
	+++
	-
	+
	++
	Detritus
	

	98
	1278
	+++
	-
	S 
	++
	Detritus
	

	99
	1282
	++
	-
	-
	S
	Detritus
	

	100
	1290
	+++
	-
	+ 
	+
	Detritus
	Calcite

	101
	1294
	+++
	S
	-
	-
	Detritus
	

	102
	1302
	+++
	-
	-
	+
	Detritus
	

	103
	1314
	-
	-
	-
	++
	Detritus
	

	104
	1319
	+++
	-
	S 
	+
	Detritus
	

	105
	1334
	-
	-
	-
	S
	
	Gypsum, calcite


*Semi quantitative distribution of particles: S – single (1-2 units); + several (3-9); ++ many (10-100); +++ abundance (> 100)
4. Conclusion.

Thus, studies have shown that almost all the studied samples are enriched with organic matter and biogenic silica in its various forms. It is safe to say that there are two stages in the formation of the studied column. The upper one is peat of varying degrees of mineralization, the lower one is water deposits. A change in moisture regimes, an alternation of flowing and stagnant waters was revealed.
The main part of diatoms is small (about 10 μm in length), which indicates certain stressful conditions for their functioning (temperature?). Sponge spicules show no signs of corrosion, i.e., they are not redeposited, but are formed in situ. It is possible that the better preservation of spicules compared to diatom shells is associated with the treatment of samples with hydrogen peroxide: thinner and more fragile shells are more easily destroyed. At the same time, the influence of the duration of occurrence of diatom shells is also possible under the influence of changes in natural and climatic factors over millennia.

A small amount of phytoliths allows us to draw only the most approximate conclusion that the vegetation cover of the area around the reservoir was meadow-forest, with conifers in the tree stand and a well-developed moss cover. In connection with the discovered specific form of phytolith, a cautious assumption was made about the cultivation of barley in the region during the Bronze Age.
References

Golyeva A., 2007. Various phytolith forms as bearers of different kinds of ecological information. In: Madella, M., Zurro, D. (Eds) Plants, People and Places: Recent Studies in Phytolithic Analysis. Oxbow Books, UK, pp. 107-203. 

International Committee for Phytolith Taxonomy (ICPT) Neumann Katharina k. neumann@ em. uni-frankfurt. de Strцmberg Caroline AE Ball Terry Albert Rosa Maria Vrydaghs Luc Cummings Linda Scott. 2019. International code for phytolith nomenclature (ICPN) 2.0. Annals of Botany, 124(2), 189-199.

