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ABSTRACT

The lack o f  field studies outcom e on ancient w ineries and land plots under vineyards in 
the Kerch Peninsula puts on agenda a h igher dem and for new data, w hich is essential for 
understanding viticulture developm ent o f  the European Bosporus throughout 4th с. BC -  
3rd c. AD. The geoarchaeological approach, w ith the involvem ent o f  the natural sciences 
resources (pedology, geochem istry, palaeobotany). was used to study the soil w ithin the 
archaeological com plex (10 km west o f  Pantikapaion (m odem  K erch)) dated 4 th -  3rd 
centuries BC and 1 с. BC -  1 c. AD. C lim atic heterogeneity  o f  econom ic activity  
conditions has been established by silicon m icrobiom orphs distribution accord ing  to 
post-antique fallow  land profile, as evidenced by a com parison o f  m odem  phytocenosis 
and the com position o f  phytoliths at a depth o f  16-27 cm  produced because o f  tu rf  
ploughing. Physico-chem ical param eters o f  soil types, structural state assessm ent, 
geochemical ratio and coefficients m ade it possib le to establish a particular indicative 
range for post-antique fallow  land and new ly form ed soil types. Using the results o f  
cluster analysis as per concentrations o f  22 chem ical elem ents it was found that the 
geographical factor (soil location) serves as a determ inant when grouping selective 
objects in m ultidim ensional space. This proves the key role o f  parent rock 
K ogeochem istn  and soil types produced by rock in the context the concept o f  "terroir".

Key w ords: soil geochem istry, antique vineyards, post-antique fallow  land,
'gropedogenesis, Kerch Peninsula

INTRODUCTION

For grapes and for o ther plants, N, P. K. Ca. Mg. S and Fe are the m ain food elem ents, 
which are considered essential nutrients. The w inem akers have encountered differences 
between vineyards constantly  (over the decades), such as growth o f  vines and quality  o f  
the grapes and wine, even in v ineyards close to  each o ther [1]. The trace elem ent, 
nutrients and o ther param eters in the soil layers, leaves and grapevines [2] content 
"udies have shown that in addition to the main nutrients Na. Al, Si, Ba plays an 
important ro le in plant life, as well as trace elem ents -  B, As, M n. Cu. Zn. Co. etc. and
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even some o f rare earth elem ents [3]. The V ineyard  plant has great potential in forming 
a deep zone o f  rhizosphere and translocation o f  n u trien ts  and trace elem ents from parent 
rock and soil to leaves and grapevines. It was p rev iously  shown [4] that the elem ents 
that could establish a reliable correspondence betw een  the geolithological features of 
the vineyard soil and the chem ical com position o f  g rape  berries are: Sr, Ba. Ca, Mg, Al, 
K, Zn. B. Ni, Co. A ssessm ent o f the critical concen tra tion  in m icronutrients should be 
considered in order to explain and prevent sym ptom s o f  deficiency that could decrease 
the quantity and quality o f  w ine grapes [5]. T he v iticu ltu re  experience [2; 6] has proven 
the positive role o f incorporating many o f  trace e lem en ts  (Co, Ni, Mn. B. Zn, etc.) into 
the soil. A priority list o f  chemical elem ents useful for p lants (Ca. Zn. Mg, Ni. P, M n) as 
monitoring indicators was substantiated [7]. The ro le o f  the contents o f  trace elem ents 
(Co, Ni, Mn, B. Zn. etc.) in the soil is ju st as im portan t for grow ing high-quality grapes 
as is the content o f the fundam ental m ineral e lem en ts (N, P, K. Ca, S, and Mg) [2: 8]. 
The purpose was to establish  the possibility o f  u sing  the pedoarchaeological approach in 
relation to the study o f  the tw o-period an tique  archaeological complex for 
palaeogeographic reconstruction o f  econom ic ac tiv ity  conditions and the use o f 
pedomemory in the interpretation o f  archaeological data.

DATA AND M E T H O D S

Description o f the  s tu d y  a rea . A lthough there is a range o f  indirect data 
(palacobotanical m aterials, scenes on coins, rem nants o f  w ineries) indicating the high 
level of viticulture in the European Bosporus, w e know  very little about this line o f  
business. The 1962 archaeological excavations have confirm ed that the lands o f  the 
Pantikapaion Chora in 4 th -  3 rd centuries BC had land p lo ts which were fenced with 
stone walls and included fields for grain crops and vineyards [9]. 10 km northwesi o f  
Pantikapaion (m odem  K erch) we have studied the soil near the O ktyabrskoe estate (4th -  
3ld centuries BC and 1 с. BC -  1 c. AD). The clim ate  o f  the area is warm but arid 
(precipitation is 400 (329+438) mm y r '!. average annual air tem perature is 11 °C). Soils 
in this region are form ed on eluvium  o f  carbonate  rocks. The archaeological complex 
included the territory o f  the estate, the boundary ram part (Figure, R) separating the 
upper terrace (under field crops. N o 9) from the low er ten-ace (under perennial 
plantings. No 10) and the southern exposure slope suitable for viticulture (Figure, P2). 
The size of the land plot for field crops and perennial p lantings was 4.5-5 ha [9]. The 
four sides o f the plot were enclosed by stone double-paneled  walls o f  1-1.45 m thick 
made from large lim estone blocks. The study objects w ere located on the upper terrace 
bounded by an earthen ram part located 10.5 m aw ay from the southern steep-sloped 
fence, which also partially served as a retaining structure betw een the ram part and the 
wall. There, at a depth o f  0.5 m, we have found som e spots diam eters from  0.3 to 0.45 
m o f  soft soil, which probably  filled holes for g rape  bushes [9]. W ine was prepared not 
for sale but only for the needs o f  the inhabitants o f  the estate. An assum ption that the 
ancient farmers "separated the vineyard from the grain  field with a stone w all” [9. p. 57] 
has determined it necessary to search for d ifferences in soil fertility due to these types o f 
land management (Figure. Plots (P I)  w ith soil sections No. 9 and to the south o f  it No- 
10). A new stage in the agricultural developm ent o f  this region occurred at the turn o f 
the era. Sizes o f  the vineyard  in 1 с. BC -  1 c. A D . apparently , rem ained the same, but 
the area under crops was very increased [9].

600



Section Ecology and Environmental Protection

1 * 
к

/Г *А  \ VV 
/  1 \ v j  I \

t— f*У

r -  .......

lr Щ
Д  - т у

• mm

m

• • J L N V

• ' L  ,-J
F ig u re . A rchaeological com plex near the v illage o f  O ktyabrskoe (10 km NW  o f

Pantikapaion (m odem  K erch))

M E T H O D S

Soil colours (dry/m oist) were described using the M unsell co lo r Charts. 2000. The 
determ ination o f  Corg in the soil was perform ed by oxidation o f  the organic substance 
with a solution K^CrjO- in sulfuric acid until the form ation o f  carbon dioxide. The 
group and fractional analysis o f  hum us (hum ic acid (H A ) and fulvic acid (FA)) was 
fulfilled by T yurin ’s m ethod m odified by Ponom areva and Plotnikova. Total nitrogen 
(N) w as estim ated by K jeldahl’s procedure. The pH values (H 2O) were determ ined by a 
potentiom etric  m ethod (pH m eter Sartorius Basic M eter PB -11) and CO ; in carbonates 
by acidom etry. Soil cation exchange (C EC ) was estim ated by K appen-G ilkow itz 
procedure. A w avelength-dispersion X-ray fluorescence spectrom eter (Spectroscan 
M ax-G V ) was used to determ ine the conten ts o f  chem ical elem ents. The concentrations 
o f  m acroelem ents and trace elem ents in soils (22 m etals and oxides) were determ ined 
by m easuring the fractions o f  m etal m ass and oxides in pow dered sam ples. The 
eluviation coefficient (K e) w as determ ined by the formula: Ke =  SiO i/(C aO + 
M n 0 -M g 0 ^ K :0 -^ N a :0 ) . M obility factor was assessed using the formula: Km = 
(N a ;0 ~ K > 0 ~ M g 0 -Z n V S i0 2 . The sum o f  heavy m etals covered a list o f  six elem ents: 
IH M = E (A s, Co. Cr. Cu. Pb. Zn). Soil quality (SQ ) assessm ent was obtained by the 
form ula: SQ  = ( f l s Я , -...5.iC.)' where B i . . .B io - ( K ,  Mg, Ca): (M n, Fe. Ni, Cu, Zn);

(Si, Al). Dry sieving o f  the soil was carried out in a colum n o f  eight sieves with square 
cells (Fritsch G m bH ). The w ater resistance o f  aggregates (dW ) in fractions o f  1-2. 2- 
3.15, 3.15-5 m m  was determ ined according to the A ndrianov m ethod. The m ethod is 
based on aggregates, which disintegrate in w ater over a certain period. The structural 
coefficient (K str) is calculated as the ratio o f  the m ass o f  1 to 7 m m  aggregates to the 
m ass o f  the total aggregates <1 and >7 m. The structural cloddiness (DEFL) has been 
determ ined  by the content o f  aggregates o f  >1 mm. The content o f  silicon 
m icrobiom orphs and the d istribution o f  nine diagnostic groups o f  the phytolith have 
been determ ined in the exam ined soils. Phytolith analysis results allow 
palaeoenvironm ental reconstruction [10]. G rouping o f  the soils was conducted by the 
m ethod o f  cluster analysis hierarchic classification (unification by W ard’s m ethod) 
based on the m ost inform ative indices norm alized through m ean-square deviation.
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RESULTS A N D  D I S C U S S I O N

At the tim e o f  the c o n stru c tio n  o f  the boundary ram part (4 c. BC) the clim ate was more 
humid than it is now. T h is  is proven by a greater C h a : C f a  ratio value at the buried soil 
o f the orig inal a c cu m u la te d  ram part (2 .25) than at the top o f  this ram part (1 .99) as well 
as in the upper horizon o f  fallow soils (2.03-2.14). These C h a : C f a  values correspond to 
the range o f  p a ra m e te rs  at the m odem  southern Chernozem . Therefore, the climate 
preceding the 4th c e n tu ry  BC rem ained steppe but the annual precipitation was 20-40 
mm higher than in th e  contem porary days. i.e. the potential soil bioproductivity  was 
higher. C lim ate o p tim u m  for the northern Black Sea coast accounts for the period from 
4th c. BC to m id 3rd c. BC  with the subsequent transition to a heat-dry phase. It is no 
doubt that the first s ta g e  o f viticulture developm ent generally  occurs on 4 th -  3rd 
centuries BC when th e re  are specialized w ineries with vineyards being nearby, although 
it is possible, that the g rap e  acclim atization period falls on the 6 th -  5th centuries BC
[1 1]. During the R o m an  tim es (up to the m iddle 3 rd c. AD) the steppes o f  the northern 
Black Sea coast w ere characterized  by a dry-oui clim ate. Based on the num ber and 
types o f  w ineries, the  Bosporan viticulture began to flourish starting from the 1st 
century BC. and this b u s in e ss  kept to be stable also later up to 3 c. AD [11].

Silicon m ic ro b io m o rp h es were presented in three layers o f  virgin soil and only in the 
lower layers o f  the o b je c t  \ o  9 (17.5-26.5 cm ) and 10 (5.5-18 cm). W e have detected no 
phytoliths o f  five g ro u p s  (cultivated cereals, reeds, and  grasses, needles o f  conifers and 
mosses). The co m p o s itio n  o f  the m icrobiom orphic fraction on a post-antique deposit for 
grain crops (N o 9) is o n ly  characterized by the presence o f  detritus and am orphous 
organic m ass. It p ro v e s  that the stubble was regularly burned and then ploughed. 
However, the 17.5-26.5 cm  layer, which can reflect a typical deep-p loughed ancient tu rf 
layer, contains a p h y to lith  complex o f  m eadow  grasses. The soil on the post-antique 
deposit under the v in e y a rd  (No 10) at a depth o f  5.5-18 cm contains phytoliths o f 
meadow grasses and s h e ll  amoeba, which is a diagnostic  sign o f  soil overturning. It has 
been quite unexpected t o  have data for the soil, w'hich we classified, as w ild land (No 
23) according to its m orpho log ica l structure. S ince a shell am oeba and pollen were 
found at a depth o f  8.5-1 5.5 cm it has been determ ined that this layer used to be surface 
one. The sam e co n c lu s io n  applies to  the 15.5-22.8 cm  layer since the num ber o f 
phytoliths was the m ax im u m  for the soil profile No 23. The southern  carbonate 
Chernozem  w as de fin ed  as a virgin soil based on the profile m orphological structure. 
Ad, 0-8.5; A', 8 .5 -1 5 .5 ; A", 15.5-22.8; A IB , 2 3 ^ 7 ;  Bca, 47-80: BC. 80-100 cm. 
powdery m ealy n e o p la sm s  with a diam eter o f  5 m m  from a depth o f  100.5 cm. 
However, at a depth o f  1 5.5-22.8 cm we have found the m axim um  num ber o f  phytoliths 
characterizing the m eadow -steppe m otley grasses, which is im possible in the current 
bio-clim atic conditions o f  dry  steppe it is safe to say that th is area w as probably  subject 
to episodic ploughing w ith  rotation o f  upper soil horizons. T his event can be attributed 
to the late antique - e a r ly  medieval period o f  using  the fallow  farm ing system. 
M echanical cultivation on steep vineyard slopes can endanger soil fertility [12]. 
Therefore, it is ju stified  to  use tenace  agriculture fo r perennial p lantings on the southern 
slopes. The soil catena o n  the southern slope (F igure, P2) contain  on average 28%  CaO 
in the upper layer, w h ich  is close to the content o f  fallow land (2 4 -2 9 % ). C om pared to 
the virgin soil, horizon A in the post-antique fallow  land has a h igher content o f  
carbonates and few er m o b ile  forms o f  P :0<  (Table 1). Based on the content o f  C org and
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N total the old fallow vineyard soil (No 10) was less transform ed from ploughing than 
the soil under grain crops (No 9). which is probably due to the num ber o f  cultivations. 

T ab le  I. Physico-chem ical characteristics o f soils on eluvium  carbonate rocks

No
Depth.

cm

M unsell
co lor
(dry):
10YR

pH
(H :0 )

Corg
СаСОл,

%

P :0 ?.
mg
100
K'1

CEC,
cm ol(+)

kg ''

N
total.

%
C:N

Old fal ow soil

9-1 6-18 6/1.5 7.7 2.6 47.7 I 1.4 49.2 0.2 11
9-2 18-26 5/1.5 8.0 1.8 52.2 I 1.6 49.2 0.2 11
10-1 6-18 5/1.5 7.9 3.4 45.9 1.6 49.5 0.3 10
10-2 18-37 6/1.5 8.1 2.6 49.5 1.8 49.5 0.3 9

V irgin soil
23-1 0-16 4 2 .5 8.0 2.9 9.7 2.0 49.8 0.2 12
23-2 16-23 5/2.5 8.1 2.3 10.8 4.2 49.8 0.2 10

Soils form ing on dense carbonate rocks have a dispersed structure and poor water 
resistance, so they are often subject 10  severe erosion [13]. Any differences in horizon A 
differentiation degree by w ater stability  (AS criterion) in the upper and lower parts o f  
the horizon (Table 2) tend to increase from  the virgin soil tow ards grain crop soil (No 9) 
and vineyard soil (No 10). M oreover, vineyard soil has the greatest residual agrogenic 
degradation o f  w ater-stability structure in a more hom ogeneous horizon A (5.5-37 cm ) 
as com pared to the soil w ithin any field crop plot. V ineyard fallow soil in the low er part 
o f  the horizon A (layer w ith some relict signs o f  agro-pedogenesis) is worse in waier- 
stability  structure than the soil in any grain crop plot, prim arily due to the low water- 
resistant capacity  o f  aggregates with a d iam eter o f  1 to 2 mm.

T ab le  2. Indicators o f  the structural state o f  soils (num erator) and w ater resistance 
(denom inator) o f  m eso-aggregates with a d iam eter o f  I to 5 mm

Structural units, mm
No Depth, cm 5-3.15 3.15-2 2-1 AS*

%

9-1 6-17.5
10.7
92.6

22.2
86.1

Ш
88.9 89.15

9-2 17.5-26.5
£ 4

72.1
17.8
81.9

23.6
83.2

79.03

10-1 5.5-18
&5

83.4
Ш
81.7

28.7
83.0

82.67

10-2 18-37
13.0
76.3

24.5
75.3

23.2
73.0

74.83

23-1 0-15.5
12.5
90.6

1 L 2
84.1

13.9
84.7

86.42

23-2 15.5-22.8 1U
83.4

1Q-Q
83.6

Ш
84.5

83.82

*AS is a criterion o f  w ater resistance (the ratio o f  the percentage o f  w ater-resistant 
aggregates to the share o f  structural units).
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It was shown earlier [1] that a correct geopedological classification and m apping o f both 
the parent rock and related  soils are essential for supporting the territorial subdivision 
provided by the w ine's product quality  specification. The cluster analysis results have 
shown that the geographical factor (soil location) was crucial to group selected objects 
of m ultidim ensional space into separate sets. In particular, we have established a 
fundamental difference in the concentrations o f  22 chem ical elem ents both betw een No 
23 (wild land) and the residential zone, and betw een them  and the o ther 11 objects of 
the archaeological com plex, which reflect different zones o f  post-antique agricultural 
landscape. The centre o f  the land plot in 4 th -  3td centuries BC was occupied by a rural 
estate in the form o f  a small house with stonew alls and a tiled ro o f  [9]. However, when 
using pedochronological dating m ethod [14] and data on the capacity  o f  new ly formed 
soil in this estate (the th ickness o f  horizon A was 190 m m . and that o f  hum us (A -  AB) 
- 3 1 8  m m ) we have determ ined later tim e for end-of-life in this place -  it is I c. AD. 
The soil on the top o f  the boundary ram part (Figure. R) had A horizon thickness o f  230 
mm. and that o f  hum us (A -A B ) 340 m m . which corresponds to the time o f  estate 
inactivation- 1 c. AD according to the pedochronological dating model [15]. A 
comparison o f  the averaged concentrations o f  chem ical elem ents for three soil profile 
layers w ithin the territory o f  the estate (soil that form ed with 1 c. AD ) and that o f  the 
wild land analogue has show n that several previous centuries w ere characterized by 
more xerom orphic conditions than it had been before. This is reflected in higher content 
of calcium  and strontium  (m ore than tw o tim es) as well as m agnesium  and sodium . This 
pattern is also confirm ed w hen com paring data on 14 testing  points at the archaeological 
complex as com pared to horizon A (0-15.5 cm ) o f  the virgin soil. In particular, this soil 
has a low er content o f  Sr, Ca, M g. Na. as well as P. M n. Zn. Ba than soils in the 
archaeological com plex. And this is despite the fact that the sea proxim ity influence on 
pedogenesis could be m ore significant for the virgin soil (No 23) which is located 120 
m away from the Sea o f  Azov than  for post-antique fallow land near O ktyabrsky (7.8 
km from the Kerch bay). The beginning o f  the first century AD was associated with 
changes in natural conditions due to the end o f  hot arid clim ate period, which existed in 
the previous 200 years [11]. The clim ate w arm ing which was dated to the first centuries 
AD has contributed to viticulture developm ent, w hich can be observed in some regions 
of the N orthern Black Sea region where this business was underdeveloped before. The 
depth-com parable horizons o f  virgin and fallow soils are characterized by a higher 
content in soil No. 23 o f  such heavy m etals as C o>C r>Pb>C u. How ever, the fallow 
soils being m ore carbonate than the wild land significantly exceed (6.5 tim es) strontium 
concentration. The values o f  various geochem ical coefficients show ing content or ratio 
o f m igrationally in-soil m obile and inert elem ents, and accordingly  can diagnose 
eluviation processes, d iffer in fallow lands (on average according to Nos. 9 and 10) and 
virgin soil from 3.2 to 11 tim es (Table 3).
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Table 3. The most inform ative geochem ical relationships and coefficients

No. o f  objects 9-1 9-2 10-1 10-2 23-1 23-2
/C a O -M g O -10* Р ;0 5 УАЬ0 з 4.48 4.9 4.31 5.24 0.78 0.89

'  Ke 0.54 0.59 0.61 0.58 6.93 5.86
(C aO *M gO )/A I:O j 4.17 4.57 3.9 4.82 0.6 0.71

N a;0 ^A l;0 ? 0.37 0.44 0.36 0.43 0.11 0.13

C a 0 + M g 0 ~ K :0 30.49 33.34 28.11 33.03 7.1 7.54

Km 3.59 2.99 3.53 3.17 1.07 1.01

(F e 0 -A l:0 } ) / 0.28 0.26 0.31 0.25 1.81 1.53
IH M 198.97 186.37 203.81 187.32 321.71 377.43

SQ 6.33 6.44 6.58 6.39 6.03 5.74

In this regard, the eluviation coefficient (Ke) is o f  particular im portance. Judging by the 
coefficient values, the soil horizons which were turbocharged in ancient tim es to a depth 
o f  26.5-37 cm have substantially higher Ca. K, Mn, M g and Na to silica content than the 
virgin soil in horizon A. These particular features are integrally reflected in the fact that, 
according to SQ values, the fallow soils are 10% more enriched with elem ents, which 
are useful for plants than the virgin soil.

C O NC LU SION
W hen using a natural science approach to the study o f  the archaeological complex 
which included post-antique fallow land (under field crops and perennial plantings) as 
well as newly formed soils on the cultural layer (antique m ansion) and earth fills 
(tam pan top), this m akes it possible to create palaeogeographic context for the 
interpretation o f  archaeological data and to provide new know ledge about the natural 
and anthropogenic evolution o f soils in the sub-A tlantic Holocene period. The 
confirm ed clim ate optim um  on the Kerch Peninsula in 4lh c. BC was reflected in the 
phytolith com plex o f  meadow grasses, which was found in the deep-ploughed tu rf 
layers o f  the post-antique fallow land both under grain crops and on vineyard plot. The 
studies o f  post-antique fallow land in different agricultural zones o f  the tw o-period 
m ansion (4th -  3ri centuries BC and I с. BC -  I c. AD) have show n that in com parison 
with the soil in the grain crops plot the vineyard soil retained greater agrogenic 
degradation o f  w ater-stability structure (prim arily due to the low water-resistant 
capacity o f  aggregates with diam eter from 1 to 2 mm). The topology-based 
geographical factor, that is, the location o f  the parent rock and related soils in this case, 
serves as the determ inant for grouping the studied objects in a m ultidim ensional space, 
which is consistent with the concept o f  “terroir" This was shown by the results o f  
hierarchic classification soils by the concentration o f m acroelem ents (Ca, Si, Al. Fe. Ti, 
Mn. M g. P. K. and Na) and trace elem ents (V. Cr, Ni. Co. Cu, Zn, As. Sr. Pb. Ba. Zr, 
and Rb) by the m ethod o f  cluster analysis.
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