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Abstract: Sediments exposed in a construction excavation form a sequence: alluvial deposits > black
soil > made ground. Peat-like deposits, organic muds and occasionally sand occur between the soil
and the made ground. High aeolization of alluvial sediments allows relating their age to the Late Vis-
tulian. The sediments were eroded and in the washout at first organic muds were deposited and sub-
sequently sands. The lowest layer, radiocarbon-dated at 4510460 uncal. years BP (Gd-12724), can be
probably linked to climate moistening at the transition between the Holocene Atlantic and the Subbo-
real period. Pollen grains found in muds, black soil and peat-like deposits reflect the changes of local
plant cover from dominated by pine woodlands (at the transition between the Atlantic and the Subbo-
real period) to strongly deforested with single trees, meadows, small crop fields and gardens in the
Medieval period. Palynological results describing the character of vegetation might have been influ-
enced also by direct human activity on site, e.g. by storage of wood and branches (then used as con-
struction material or fuel), crops, fodder or waste. Microartefacts found in soil suggest metal process-
ing in the vicinity during the Bronze Age. In the made ground, which has been accumulating since the
14th century, quartz, clay minerals and micas were identified together with fragments of bricks, con-
crete, ceramics, bones, slag, charcoal, organic matter, limestone fragments and metals. Horizons en-
riched in slag fragments are also high in metals: Fe, Mn and Pb, which reveal a twofold increase in
metal processing activity.

Keywords: Wista River valley, river deposits, made ground, pollen analysis, chemical and minera-
logical analysis, radiocarbon dating, environmental changes.

1. INTRODUCTION

Taking advantage of an opportunity (rather unique in
large city downtowns) for tracking the evolution of envi-
ronment from natural to entirely transformed by human
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activity, the authors carried out geomorphological, ar-
chaeological, palynological, mineralogical, geochemical
studies as well as radiocarbon dating of sediment exposed
in a construction excavation made in the backyard of an
apartment house in the 7 Krupnicza Street located in the
Piasek quarter — one of the oldest parts of historical
downtown of Krakow (Fig. 1). Such a wide variety of
methods could be applied due to the existence of natural
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Fig. 1. Location of studied area against the geomorphic sketch of
fragment of Vistula river valley (according to Setmajer, 1973 — modi-
fied).

deposits beneath the made ground. As the unified meth-
odology suitable for such research does not exist, as yet,
methods applied in the following project are proposed as
a standard for studies on co-existing, natural and anthro-
pogenic sediments. Application of these methods allowed
to accomplish the goals of the project: (i) reconstruction
of environment evolution recorded in the sediments since
the last glacial epoch and (ii) determination of the chro-
nology of noted events. The results are valuable also
because such comprehensive research has not been under-
taken up to date in Krakow, despite the importance of that
city as one of the oldest and the most prominent settle-
ment centres in Poland.

2. STUDY AREA

The walls of the 4-meter-deep excavation (marked
No.1-4) were oriented NNW-SSE, WWS-EEN and N-S
(No. 5, Fig. 1). Generally, in all the walls the same strati-
graphic sequence was observed: alluvial sediments
(TD) > black soil (BS) > made ground (MD). From the
bottom of the made ground rectangular holes of various
depths protruded into the underlying strata (Fig. 2). Some
were filled with livestock (mostly cows and goats) bones
and horns. Locally, made ground was underlain by peat-
like, grey soil and/or sand.

The recent surface of the made ground is located at
the altitude of 206.2-207.2 m a.s.l. whereas the top sur-
face of river terrace occurs at 203.2-204 m a.s.l. Similar
values were reported by Radwanski (1975) and, partly, by
Jamka (1963).

The oldest settlements recognized at archaeological
sites located in the close vicinity are dated back to the
Early Medieval period (9th century — Jamka, 1963; Rad-
wanski, 1975; Walowy, 1986). Between the 14th and the
16th centuries AD the Garbary village had existed here as
the suburb of ancient Krakow. Garbary played an impor-
tant role in the city’s economy as a servicing and handi-
craft centre (see e.g. Pieradzka, 1931; Wisniewski,

1986b; Laberschek, 2005) where tanneries, fullers,
bleacheries, breweries, metal grinderies, pottery and
silver melting workshops have been operating. Power
was provided by water mills supplied by canals con-
nected to the Rudawa River. Digging of canals has started
in the mid 13th century (cf. Krasnowolski, 2003). One of
such canals, which was the arm of the Rudawa River run
some 40-50 meters north from the described site.

3. RESEARCH METHODS

Lithology of alluvial sediments was recognized by
field observations and measurements of sedimentary
structures. Petrographic composition was determined for
several fractions obtained with a set of screens differing
by 1 ®. Sand fraction (0.8-1.0 mm) was analyzed for
roundness and frosting of quartz grain surfaces, according
to the method proposed by Mycielska-Dowgiatto and
Woronko (1998). This analysis combines the roundness
after Krumbein’s scale (Krumbein, 1941) and the charac-
ter of grain surface. The lowest organic layer encountered
in the erosional washout was radiocarbon-dated. Simulta-
neously to structural and textural studies of natural sedi-
ments, archaeological artefacts were searched and col-
lected.

As the methodology of made grounds studies com-
patible with mineralogical, petrographic, geochemical
and environmental methodologies (Pawlikowski, 1992;
Gworek et al., 2000) has not been established, as yet,
procedures applied in geological (Lamparski, 1992), soil
(Karczewska and Kabata, 2005), made grounds (Pis-
arczyk, 2004) and archaeological (Renfrew and Bahn,
2000) research were used.

Grain size analyses (both dry and wet) were run for
sand fraction using the polyethylene screens, avoiding the
crushing of aggregates. For each of the sample, moisture,
loss on ignition, pH, specific electric conductivity and Eh
were measured. Comparison of the results of dry and wet
analyses provided data on sediment aggregation which, in
turn, informed on saturation of made ground with solu-
tion of TDS higher than that of meteoric waters.

Mineralogical observations were made with the
POLMI-2 polarization microscope for fraction 0.2 (0.18)
- 0.5 mm, which occurred in representative quantities in
all studied samples. In this fraction all components were
inspected, particularly those of anthropogenic prove-
nance. Quantitative data were obtained with the point
counting method (ELTINOR counter). In each sample
about 500 grains were counted.

For chemical composition fraction <0.18 mm was
treated with concentrated nitric acid and boiled at 130°C
for 2 hours. Obtained extracts were analyzed with the
AAS method (PYE UNICAM SP-9 instrument).

Samples for pollen analysis were collected from black
soil and peat-like deposits as well as from thin organic
intercalation, from soil aggregates found in channel
washout and from grey soil. From each sample 1 cm® of
sediment was prepared with the modified Erdtman’s
acetolysis method. Sediment was pre-treated with HF
acid to remove mineral components.

Obtained results were presented in a form of percent-
age pollen diagrams. Percentage value of each individual
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taxon was calculated in relation to the total sum consisted
of a sum of arboreal and non-arboreal pollen, excluding
pollen of local plants: limnophytes, telmatophytes, as
well as spores of Pteridophyta and Sphagnum.

4. RESULTS

The results are described in an order, which generally
reflecting the succession of particular stratigraphic layers.
The layers were marked with symbols (Fig. 2).

Natural deposits

Two lower members of the succession provide the
natural background of human activity, namely the alluvial
terrace deposits (TD) and black soil (BS). The former
member (TD in Figs 2 and 3) observed at the bottom of
excavation usually comprises medium- and coarse-
grained sands with scarce gravel grains (®,,x = 3 cm).
Locally, especially along the wall No. 5, sands reveal
medium-scale (up to 30 cm thick) planar cross-bedding
(Sp lithofacies), which can be linked to flat, transversal

W
MP 2 a6

Sm, St, Sr, Fl

bars (2D). Such forms combined with angular base con-
tact indicate deposition from shallow flows of decreasing
flow intensity. More common are massive structure sand
(Sm lithofacies) of undefined origin although diffused
boundaries between both lithofacies and their lateral
contacts seem to suggest the origin of Sm lithofacies from
post depositional processes. The main component of
sands is quartz (95.9%) accompanied by feldspars, micas
and fragments of limestone and crystalline rocks (Fig. 4).
Quartz grains show matt surfaces (91.8%) shaped in
aeolian environment (RM and EM/RM — Table 1).

Sands are overlain with continuous layer of black soil
(Mollic Gleysols — BS — Fig. 2). Its fabric is medium- and
coarse-grained, locally silty sand. Palynological analysis
revealed slight dominance of tree pollen (Fig. S, part A,
phase I), mostly with predominance of pine (Pinus sylves-
tris — max. 46.8%) and oak (Quercus — max. 8.1%). In
almost all samples low amounts of spruce (Picea abies),
fir (dbies alba), lime (Tilia), poplar/aspen (Populus),
alder (Alnus) and maple (Acer) pollen were noticed.
Among herbs high percentage of grassland species were
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Fig 2. Schematic logs of deposits.
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Table 1. Classes of rounding of quartz grains.

NU EL RM EMEL EMRM C 0
[%]

D 07 00 45 30 873 22 22 134
CW-a 00 00 00 521 370 55 55 146
GS 08 00 00 244 557 23 168 131
FS 00 00 17 108 717 17 142 120
1. NU - fresh surface, angular (Krumbein roundness 0.1-0.2);
2. EL - round, shiny surface (roundness 0.7-0.9);
3. RM - round, matt surface (roundness 0.7-0.9);
4. EM/EL - intermediate, shiny surface (roundness 0.3-0.6);
5. EM/RM - intermediate, matt surface (roundness 0.3-0.6);
C - broken, this group includes grains with at least a 30% loss of the
original surface;
O - others.

observed, e.g. Centaurea cyanus, Centaurea jacea (max.
12.8%) and Centaurea scabiosa, as well as Filipendula,
Trifolium-t, Ranunculus, Thalictrum, Lychnis-t. and Cir-
sium, and/or Carduus. Common were also pollen grains
of taxa of wide ecological tolerance, e.g. Poaceae, Cyper-
aceae, Cichorioideae and Apiaceae. Pollen spectra dem-
onstrated also significant amounts of ruderal plants and
weeds: Polygonum aviculare, Artemisia, Urtica, Brassi-
caceae and Chenopodiaceae, which suggests local pres-
ence of farm buildings or houses. In several samples
Anthoceros punctatus was encountered, which is e.g. an
indicator of existence of fields. Apart from agriculture
indicators, i.e. pollen of cereals (mostly Triticum-t., rarely

depth (cm)

Secale cereale, Avena-t., Hordeum-t.) and buckwheat
(Fagopyrum), some Poaceae, Brassicaceae, Chenopodi-
aceae or Apiaceae representatives might also have origi-
nated from cultivated plants. Characteristic weed accom-
panying the winter crops is cornflower (Centaurea
cyanus). It is suggested that during deposition of studied
sediments the vicinity of the site was unforested although
some tree clusters were present. Locally, grasslands
(meadows and/or pastures) occurred. Some areas used as
corn fields could be temporary utilized as gardens. Stud-
ies revealed coexistence of plants inhabiting dry (e.g.
Centaurea scabiosa, Calluna vulgaris, Rumex acetosella,
Pteridium aquilinum), wet (Caltha, Phragmites, Typha
latifolia, Sphagnum, Thelypteris palustris) or aquatic
(Lemna, Potamogeton, Stratiotes aloides) habitats. This
may advocate both the local diversification of biotopes
and/or the intentional or casual collection of plant mate-
rial derived from various sources. In soil rare ceramic
artefacts were found, typical of the Early Medieval period
(Fig. 6). Interesting is the discovery of flint artefact — a
hafted knife made of Jurassic flint originating from the
vicinity of Krakow, which shows features of decadent
flint knapping typical of the Bronze Age (Fig. 7).

Other anthropogenic components of soil are charcoal
and slag fragments found in large amounts along the full
studied succession (Fig. 4). Slag fragments are grey, low
in glassy material, which may suggest low processing
temperatures. Slag is always accompanied by charcoal
fragments. Small amounts of brick fragments were also
observed. Soil reveals decreased pH and high contents of
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Cr as well as increased amounts of Zn, Pb and Fe (Figs
10-12).

In the northwestern part of excavation, in No. 1 and 2
walls a clear channel washout was encountered (CW in
Fig. 2). The washout cuts both the older alluvial sedi-
ments and the black soil. The filling deposits formed
several layers separated by erosional surfaces. Their bot-
toms remain unexposed, except for the highest layer in
this succession. The oldest layer is sand, rarely gravely
sand with medium-scale, trough cross-bedding (St and
SGt lithofacies — layer a, Fig. 3). Such structures are
related to three-dimensional megaripplemarks, which
originated from bottom rhythmic transport in deeper
flows of higher energy. Quartz grains indicate variable
roundness but dominating are shiny grains (EM/EL —
Table 1) typical of high-energy aquatic environment.

Petrographic composition of river gravels from the vi-
cinity of Krakéw shows domination of sandstones origi-
nating from the Flysch Carpathians and flints derived
from eroded Jurassic limestones of the Silesian-Krakow
Upland but quartz from other sources is also present.
Other clastic components: Jurassic limestones, Carpa-
thian lydites as well as igneous and metamorphic rocks of
glacial origin occur in small amounts. Petrographic com-
position of gravels representing SGt lithofacies allows to
precise the time of their accumulation between deposition
of gravels of the Holocene Vistula River terrace (Bielany-
see Rutkowski and Sokotowski, 1983) and deposition of
the Rudawa River gravels from the Budryk Street which
were laid down during the last glacial period (Fig. 8).
Hence, sediments from the Krupnicza Street can be clas-
sified into the Rudawa River Holocene gravels. Subse-
quently, these sediments were eroded and succeeding
layer deposited in erosional channel shows more complex
structure (layer b — Fig. 3). Its lowermost part is a mas-
sive structure sand (Sm lithofacies). After its sedimenta-
tion the washout evolved into the oxbow bend in which
periods of water stagnation resulting in deposition of
organic muds were interrupted by episodes of low-energy
flows (lower part of lower flow regime) with the accumu-
lation of fine and medium sands with local ripplemark
lamination (Sr lithofacies) formed in shallow, low-energy
channels.

Pollen analysis of the lowermost mud layer (part B,
sample — K-OG — Figs 2, 5) revealed the domination of
tree pollen, mostly Pinus sylvestris (70.5%) with smaller
amount of Picea abies (6.0%), Alnus (3.6%), Abies alba
(2.4%), Tilia (1.0%) and Betula (3.4%). The undergrowth
contained mostly fern (Filicales monolete — 30.8%) and
bracken fern (Pteridium aquilinum). Herbaceous plants
reveal low taxonomic diversity. The most common are
pollen of Poaceae (3.8%) and Cyperaceae (2.2%). These
results allow suggesting that during deposition of muds
the area was covered with pine forest, possibly with small
Picea admixture. The sample deposition was dated back
to the 4510460 uncal. years BP (Gd-12724 — Table 1).

In the uppermost mud layer (part B, sample Kr-m,
Figs 2, 5) palynological analysis showed different charac-
ter of vegetation, i.e. low percentage of tree pollen: Pinus
sylvestris (27%), Picea abies (2.6%), Quercus (2.6%),
Tilia (4.6%) and Corylus (2.6%) as well as high represen-
tation of herb pollen with numerous ruderal plants and

3cm

Fig. 6. Reconstruction of ceramic utensil from black soil.

3em

Fig. 7. Bronze Age flint tool from black soil.
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weeds: Centaurea cyanus (4%), Brassicaceae (5%) and
Artemisia (2%). High frequencies of grassland taxa:
Poaceae, Cichorioideae, Apiaceae, Centaurea jacea and
Hypericum were noticed. Crops were represented only by
wheat pollen grains (Triticum-t., 2%). It is concluded that
accumulation of upper mud layer took place in quite open
environment, in the neighbourhood of meadows and
small arable fields.

The erosional surface cutting the uppermost mud
layer and local sand accumulations was covered by sand
with small admixture of fine gravel (layer c, Fig. 3). Very
interesting feature is the presence of lumps, up to 20 cm
across, composed of black soil, identical with described
above. Pollen spectra of lumps (part B, sample Kr-b,
Figs 2, 5) revealed quite high percentage values of trees,
mostly Pinus sylvestris (44.4%) as well as grassland
plants, usually Cichorioideae (28%) and Centaurea jacea
(9%). Small amounts of Centaurea cyanus (2%) and
single pollen of Triticum-t. were noted. Such composition
points to the local presence of meadows and, possibly,
crop fields.

Deposition of succeeding layer (d — Fig. 3) was pre-
ceded by lateral erosion and expansion of the washout.
Almost flat erosion surface, which levelled the underly-
ing sediments was covered by coarse and medium sand of
massive structure (Sm lithofacies) with locally developed
layer of channel pavement composed of fine gravel
(Prmax = 2.5 cm). Deposition was fast and the increasing
load from overlying sediments resulted in the formation
of unstable density bedding reflected in minor bending of
mud layer and local folding of underlying sand layer.

Along the wall No. 1, above the black soil and, lo-
cally, also above the sand filling of the washout, a
25-cm-thick layer of grey, silty sand was found (GS in
Figs 2 and 3). It shows features of initial soil, as con-
firmed by high percentage of chemically corroded grains
(16.8%) resulting from the action of humic acids (class O
— Table 1).

Palynological analysis of these sediments (part B,
sample KII-G, Figs 2, 5) demonstrated very low percent-
age of tree pollen (mostly Pinus sylvestris — 16.7% and
Quercus — 3%). Among herbs single pollen grains of
cultivated plants: Triticum-t. and Cannabis sativa were
observed but the most common were: Artemisia (3.0%),
Brassicaceae (4.8%), Poaceae (11.2%), Cyperaceae
(8.9%), Cichorioideaec (11.2%), Apiaceae (5.9%) and
Centaurea jacea-t. (11.5%). These results suggest accu-
mulation in an environment totally transformed (defor-
ested) by human activity.

In the remaining parts of excavation, particularly in
walls No. 3-5, the soil is covered with the made ground
or, in some parts, with 20-cm-thick layer of poorly sorted
sand (FS in Fig. 2) with rare gravel pebbles
(®pax = 1.5 cm). The sand of Sm lithofacies laterally
grades into the Sp lithofacies (planar cross-bedding).
Relatively high percentage of matt grains (class RM and
EM/RM, Table 1) suggests redeposition of older terrace
deposits (TD). In big parts of No. 3, 4 and 5 walls this
sand is overlain by 25-cm-thick made ground followed by
15-cm-thick layer of poorly sorted sand, identical with
that described above.

13

Locally, the black soil is directly overlain by dark, or-
ganic mud, which grades up the sequence into a dozen-
cm-thick peat-like deposit layer (P in Fig. 2). Pollen
analysis demonstrated significant differences in both the
taxonomic composition and the percentages values of
pollen spectra of mud and peat-like deposit samples, in
comparison with soil. It enabled to distinguish a separate
pollen zone marked as phase II in the diagram (Fig. 5,
part A, phase II). Analyzed samples showed high per-
centage of tree pollen (up to 62%) with dominance of
Pinus sylvestris (max. 38.3 %), and Quercus
(max. 6.5%), Alnus (max. 6.1%), Abies alba (max. 4.4%),
and Corylus (max. 2.2%). Birch pollen constituted up to
5.2% but such a low percentage excludes the occurrence
of this tree “on site” (see Ralska-Jasiewiczowa et al.,
2004). Moreover, pollens of Carpinus betulus, Tilia,
Populus, Salix, Fagus sylvatica and Juglans regia were
identified. Characteristic feature of phase II was very
high content of cereals, particularly Triticum-t.
(max. 12.0%), Secale cereale (max. 5.0%), Avena-t
(max. 2.2%) and Hordeum-t. (max. 2.0%). Single pollen
grains of Cannabis sativa and Fagopyrum were noted, as
well. Ruderal plants and weeds were less common: Cen-
taurea cyanus (max. 0.7%), Chenopodiaceae
(max. 2.7%), Brassicaceae (max. 1.0%) and Spergula-t.
Also pollen of Artemisia was present in all samples, al-
though in small amounts. A few pollen grains of Poly-
gonum aviculare-t were noticed whereas grassland taxa
were represented by Poaceae (max. 17.1%),
Cichorioideae, Ranunculus-t., Lychnis-t., Centaurea
Jacea-t., Apiaceae and others.

In the course of sedimentation of phase II, the site vi-
cinity was still open with single trees growing (pine, oak,
alder, hornbeam, fir, spruce and walnut Juglans regia).
High percentage of cereal pollen compared with the lack
of coexisting cornflower suggests that this pollen were
locally overrepresented due to e.g. temporary harvest or
straw storage. Peat-like deposit and dark mud are not the
floodplain sediments but were formed in the shallow,
local lowerings or hollows filled up partly with anthropo-
genic material.

Contemporaneous formation of grey soil in more dry
environments cannot be neglected. The study area was
intensively used as e.g. storage or waste disposal. The
surrounding area was covered mostly by meadows and
pastures inhabitated by representatives of grasses, sedges,
accompanied by Centaurea jacea, C. scabiosa, Hy-
pericum, Ranunculus and Filipendula as well as by fields
of wheat, hemp, buckwheat or vegetables. Some pollen
grains of Brassicaceae or Apiaceae might have originated
from vegetable plants planted in the gardens.

Made ground

The made ground forms a continuous layer of variable
thickness (up to 2.6 meters in wall No. 5) which covers
the above described natural deposits. Diversified lithol-
ogy allowed to distinguish several layers (Fig. 2):
MG-a — dark, loamy, with organic matter and light-
coloured streaks, containing small limestone fragments,
MG-b — light-coloured, containing rounded loam frag-
ments, MG-c — light-grey, of rough top surface, locally
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containing limestone fragments, MG-d — dark, loamy,
with organic matter and brick fragments.

Sampling of the made ground was completed along
two lines. The longer sampling line (MP 1) included
specimens collected from depths 30, 60, 90 cm (MG-d),
120 cm (MG-c), 150 cm (MG-b), 180 and 200 cm
(MG-a) below surface. The shorter sampling line (MP 2)
included only the layer a in which lithological diversifica-
tion was more evident. The following layers were ob-
served: MG-al — grey, loamy, with organic matter,
MG-a2 — lighter, occasionally with pink or red shades
and with traces of burning, MG-a3 — black, with charcoal
fragments, MG-a4 — light, with organic matter and small
limestone fragments, MG-a5 — light, with large limestone
fragments, MG-a6 — light, with small limestone frag-
ments, MG-a7 — black, with organic matter, MG-a8 —
light, with limestone fragments, MG-a9 — black, loamy,
with organic matter, MG-al0 — crushed bricks, MG-all —
dark, loamy, with organic matter. From this succession a
channel sample was collected as well as point samples
from depths: 180 cm (MG-a9), 190 cm (MG-a8), 200 cm
(MG-a5), 210 cm (MG-a3) and 220 cm (MG-a2) below
surface were taken.
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Fig. 9. Grain-size composition of made ground (dry deposits).

Grain size distribution indicated that highest amounts
of coarse fraction (>2 mm) related to aggregation appears
at depths -150, -120 and -200 cm of the MP 1 line, and at
depth -210 of the MP 2 line (Fig. 9). This may point out
to more intensive human activity in that period.

Fraction <0.2 mm content is usually less than 60%,
excluding the depth -220 cm of the line MP 2 in which it
raises to 90%. It is possible that local inundations took
place during deposition of this layer.

Mineral composition of made ground is similar along
both lines and includes quartz, clay minerals and micas
(Fig. 4), and anthropogenic components: fragments of
bricks, concrete, bones, slag fragments and charcoal
pieces as well as angular limestone fragments. The an-
thropogenic components constitute usually from several
to a dozen per cent. Organic matter seems to be mostly
anthropogenic although it probably contains some admix-
ture of natural components. For the lower part of the
made ground (sampling depth -200 cm) characteristic is
the high content of carbonate rock fragments and clay
aggregates together with low percentage of artefacts
(excluding bones fragments at various stages of transfor-
mation). Fragments of compact bones are usually well-
preserved whereas those of spongy bones are filled with
organic matter and clay minerals.

The overlying layers (MG-b and c) reveal high com-
positional variability (Fig. 4) with horizons enriched in
organic matter, slag fragments, fragments of ceramics and
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Fig. 10. Variability of pH and electrical conductivity of made ground.
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bricks or in clay aggregates. In the top part (MG-d) slag
fragments dominate whereas higher in the sequence the
concrete fragments appear (0.53%, Fig. 4).

The diversity of made ground is shown also by the re-
sults of physical and chemical analyses. Variability of pH
observed in black soil, in the upper part of MG-a layer
and in the middle part of MG-d layer (see Fig. 10a) is
caused by changes in salt content indicated by specific
electric conductivity but pH values depend also on the
content of carbonates which cement aggregates present in
many parts of the made ground layer. Finally, the increas-
ing pH corresponds to the increasing amounts of organic
matter, whereas the rising specific electric conductivity is
related to the presence of slag and charcoal fragments
(Figs 10b-c).

Migration of pollutants in true or colloidal solutions
depends on permeability of sediments, which, among
others, is a function of grain size. Along the MP 1 sam-
pling line highest percentage of >0.2 mm (over 70%,
Fig. 9) was found only in the top part and at -120 cm
depth, and is related to the presence of angular limestone
fragments. Limestone is also responsible for the rise of
pH in anthropogenic sediments to over 7.5 whereas litera-
ture data for soils indicate values 4.0-7.2.

Highest contents of total heavy metals appear in the
youngest (MG-d) layer, particularly at depths -60 and
-90 cm. Similar values were found also in the MG-a layer
at depth -180 cm. Highest contents of Cd and Ni were
noticed in MG-a and b layers (depths -150 and -200 cm),
that of Cu — at the bottom of MG-d (depth -90 cm) and
that of Pb — in the MG-a layer (depth -180 cm) as well as
in black soil (BS, depth -230 cm). Along the MP 2 sam-
pling line highest pollution with heavy metals occurs at
depths -18 cm (layer MG-a9), -190 cm (MG-a8 layer)
and -210 cm (MG-a3 layer).

Enrichments in Fe and Mn along the MP 1 sampling
line was observed in layers MG-a, MG-d and in the black
soil (depths -30, -60, -90, -180 and -230 cm, Fig. 12b)
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Fig. 11. Contents of metals in made ground.
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whereas along the MP 2 line such values were found in
the upper part of the sequence as well as at -220 cm depth
(MG-a2 layer). The appearance of various contents of
heavy metals at various depths of made ground succes-
sion suggests diversified sources of their origin.

Characteristic is the increase in the number of mi-
croartefacts (particularly slag pieces) with the increasing
contents of Fe, Mn and Pb (Fig. 12b). Apparently raised
content of Ni in the layer MG-b (depth -150 cm) com-
pared with general depletion of that layer in heavy metals
is difficult to explain.

It must be emphasized that basic reaction of anthro-
pogenic sediments and contained organic matter, which
increase their sorptional potential, as well as fine grain
size effectively limit high migration rate of pollutants.
Thus, indicated concentrations of heavy metals reflect
true, anthropogenic pollution.

5. CHRONOLOGY AND DIRECTIONS OF ENVI-
RONMENTAL CHANGES

Summing up the results of studies on sediments un-
derlying the made grounds, it should be highlighted that
natural land surface (i.e. the top of black soil) corre-
sponds to morphological level of the middle terrace,
whose presence in this part of Krakéw was suggested by
Kleczkowski and Adamczyk (1967) and which was dis-
tinguished by Setmajer (1973) — as “the Rudawa River
fan, altitude 205-203 m a.s.l.” and by Kmietowicz-
Drathowa (1975) — as “the lower level of middle terrace”.
The two latter authors related formation of this level to
the activity of Rudawa River in the Younger Vistulian.
Their opinions were fully confirmed by present studies,
i.e. by very high percentage of grains reworked in aeolian
environment (RM, EM/RM) found in sandy sediments
(TD). Moreover, it corresponds very well to the Early
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Fig. 13. Geological cross section.

Vistulian age of the upper part of several meter higher
(Fig. 13), southern fragment of the Pradnik River fan (see
Sokotowski et al., 2006). This fact is contradictory to the
opinions of Rutkowski (1987), Starkel (2001) who in-
cluded the whole area into the Holocene alluvial plain.
Such a high percentage of grains affected by aeolian
processes indicates that deposition of these strata took
place under severe climatic conditions and at poor plant
cover (Seppalld, 2004; Gozdzik, 2007). Wind transported
grains were accumulated most commonly at wet bottom
surfaces of river valleys or in any morphological depres-
sion (Mycielska-Dowgiatto and Woronko, 2004; Goz-
dzik, 2007). At low water levels these grains might have
been again mobilized by winds (Good and Bryant, 1985;
Seppélld, 2004), which contributed to the increasing
roundness of grain surfaces. Such evolution scheme of
aeolian processes was presented by Gozdzik (2007) for
the end of the last glacial epoch. Zielinski (2007) de-
scribed similar sediments from Belchatow and linked
them to the end of the Vistulian glacial period.

This level of medium terrace has been dissected here
by the ancient Rudawa River since at least the Mesoholo-
cene, as revealed by petrographic composition of gravels
in the channel washout. Cutting off the channel and be-
ginning of organic sediments deposition in the area of
recent Krupnicza Street was contemporaneous with the
younger phase of climate moistening during the transition
from the Atlantic to the Subboreal periods (see e.g.
Starkel, 2001).

Pollen analysis of the sample from Krupnicza Street
proved that at the time of sedimentation the studied area
was overgrown by pine woodlands with single spruce
and/or fir as well as alder on wetter stands. Low percent-
ages of plant indicators connected with human activity
allow suggesting that the land was rather rarely used.

The deposition process radiocarbon-dated to the be-
ginning of the Subboreal period (4510+£60 uncal. years
BP). When we compare that information about extra-
local vegetation with data from other pollen profiles from
vicinity of Krakow it is clearly visible that the regional
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vegetational pattern was different. There is no other paly-
nological data from that time period obtained from
Krakow downtown. The closest data come from
Cholerzyn peat bog (west from Krakow) and Stanistawice
(east from Krakow) sites. It is possible that the uppermost
part of the profile PI from Pleszéw can be considered too.
In the Stanistawice area predominance of deciduous for-
est communities was noted. The expansion of Alnus was
observed as well as changes in the forests composition
due to the migration of Carpinus, Fagus and Abies. The
role of Pinus was not significant. The human impact on
vegetation was marked but did not cause large scale re-
duction or disturbances of woodlands (Nalepka, 2003). In
the neighbouring Pleszow, pollen data from oxbow lake
deposit showed the strong destruction of natural vegeta-
tion as a result of the exploitation of loess terrace by
Neolithic tribes (Godlowska et al., 1987). In the analogi-
cal time on the oposite site of Krakéw at Cholerzyn the
data show that the area was strongly forested. The charac-
teristic feature was high representation of Picea, culmina-
tion of Pinus and continuous presence of Abies. Probably
pine-spruce-oak woodlands were predominant. Although
presence of anthropogenic indicators in the pollen spectra
was regular, the changes of vegetation related to human
activity were not strong (Madeyska, Obidowicz, 2001).
Presented palynological results showed both a diverse
character of the local plant cover and a lack of detailed
palaeoecological data from the Krakow area.

Geomorphological analysis showed that the washout
was affected by episodic flows even in the medieval
period.

During deposition of uppermost mud layer the area
was overgrown by pine, birch, poplar and alder, which
did not form dense woodlands. Ferns settled shady areas.
Locally, grasslands could have been used as pastures.

Sands laid down in the upper part of washout succes-
sion point to the episodes of rising flow energy and ero-
sion as well as deposition of channel sediments. Interest-
ing products of such episodes are lumps of black soil
accumulated in one of layers filling the channel washout.
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Low cohesiveness and water saturation test suggest that
soil was transported to the river as frozen lumps. Similar
sand and gravel lumps were described from alluvial and
fluvioglacial sediments deposited under permafrost con-
ditions (see Mycielska-Dowgiatto, 1998). Neoholocene
age of this part of the washout indicates that here the
lumps resulted from abrupt rise of water level during the
thaw when river eroded still frozen black soil (seasonal
permafrost).

The character of pollen spectra from lump samples
was similar to those obtained from soil of phase II
(Fig. 2, part A), which may suggest that channel flows
took place as late as in the 13th century AD.

The range of the black soil deposit on the described
terrace is limited. In other excavations located in a dis-
tance of 150 metres from the studied site, the black soil
was not found (see Watowy, 1986, 1991, 1995). This
type of sediment is characteristic for the lower terrace
(floodplain) and is spreaded in west and north-west direc-
tions, what is reflected in local names of settlements and
villages (e.g. Black Gardens, Black Street, Black Village,
see Pieradzka, 1931; Leszczynska-Skrgtowa, 1985a
and b).

It should be emphasized that presented results of pa-
lynological analyses of soil samples and overlying peat-
like deposit differ significantly from those obtained up to
now for Late Holocene peat bogs and oxbow sediments
from Krakéw vicinity (e.g. Latalowa and Nalepka 1987;
Nalepka 1994 and 2003; Madeyska and Obidowicz 2001)
but are very similar to the results attained for medieval
cultural layers studied in the backyards of houses in the
Okot quarter and in the stall in the Main Market (Bieniek
et al., 2003 and 20006).

Results of analyses of the PP profile from the Krup-
nicza Street document strong anthropogenic transforma-
tions of local environment during the deposition of stud-
ied sediments. Hence, the important factors controlling
the pollen spectra might have been the direct human
activity and the livestock. It is reasonable to suggest that
some pollen could have been brought with plants used as
forage, building materials and/or fuel. The presence of
ruderal plants growing in the vicinity of settlements, on
treaded ground and on subsoil enriched in nitrogen (as
Artemisia, Chenopodiaceae, Polygonum aviculare, Urtica
and Plantago major) indicates that the area was a settle-
ment zone. High percentage of grassland plants docu-
ments vast areas covered by these meadow communities.
Some land could have been used for agriculture, as re-
vealed by the presence of cereal and buckwheat pollen.
Typical weed accompanying the winter corn was corn-
flower (Centaurea cyanus). Disturbed soil layers (plough
fields) were settled by Anthoceros punctatus. The pres-
ence of meadows, gardens and corn fields in the vicinity
of Krakow during the Medieval period was confirmed by
historical studies (see e.g. — Pieradzka, 1931; Laberschek,
2005).

The results of palynological analyses allow approxi-
mating the age of soils and peat-like deposits. High per-
centage of Centaurea cyanus pollen (up to 3%) indicates
that the black soil formation was completed in the Late
Holocene. Previous palynological studies revealed that
this weed has been present in Krakéw vicinity since about
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3200 uncal. years BP, as documented by rare occurrence
of its pollen at the Cholerzyn peat bog site (Madeyska
and Obidowicz, 2001). Relatively early (about 1870£50
uncal. years BP) it appeared in the material from the
Stanistawice site (Nalepka, 1994). The burned seed from
the Kryspinow site is dated at the Roman Epoch (Lityn-
ska-Zajac, 2001). Sporadically, Centaurea cyanus pollen
were encountered in layers from the 9th and 10th centu-
ries in Wawel castle (Wasylikowa, 1978) and in cultural
layers from the 17 Kanonicza Street site dated at
11th/12th centuries (Bieniek et al., 2003). Expansion of
this weed presumably took place in the second half of the
12th century or in the first half of the 13th century
(Koperowa, unpubl. after Wasylikowa, 1978) as proven
by numerous cornflower pollen (up to 5% of total num-
ber) identified in late medieval material from the Main
Market in Krakéw. In this material macroscopic relics of
cornflowers were found as well (Bieniek ef al., 2006).

Another age indicator of soils is the presence of
buckwheat pollen. Archaeobotanical studies conducted in
southern Ukraine revealed that Scythians grew this plant
about 2500 years ago. However, its economic importance
dates back to the Medieval or modern times (Litynska-
Zajac and Wasylikowa, 2005). In the vicinity of Krakoéw
Fagopyrum pollen were rarely observed in layers from
the Stanistawice site, probably corresponding to the Ro-
man epoch (Nalepka, 1994) although this dating is con-
troversial (Nalepka, 2003). These pollen grains were also
found in the youngest (perhaps medieval) layers at the
Cholerzyn site (Madeyska and Obidowicz, 2001).
Fagopyrum pollen was encountered in layers from the
11th/12th centuries in Wawel castle and in the Late Me-
dieval layers from the Main Market in Krakow (Wiese-
rowa, 1979; Bieniek et al., 2006). This plant is also re-
ported in pollen spectra from the neighbourhood of
Staszow dated at younger part of the Subatlantic period.
This part of the profile can probably be related to the
expansion of colonization, which has commenced since
the 12th/13th century’s transition (Szczepanek, 1971).
Fagopyrum seeds have not been identified in materials
from Krakoéw area but macroscopic remains were found
in layers from the 9th century in Wolin and as seed ac-
cumulations in cultural layers from the 14th century in
Kotobrzeg (Badura, 1999).

Apart from pollen data, the indications of human ac-
tivity in soils are slag and charcoal fragments, which
document natural fires or usage of wood and fire by hu-
mans. Composition of metal set is typical of the Bronze
Age, hence, metals smelting and processing might have
been run in the vicinity of the study area. Soil contains
also fragments of bricks and ceramics. Sands which lo-
cally cover the soil can be related to floods known from
the 13th and the 14th centuries when water level rise
belonged to the highest in the city history. Peat-like ac-
cumulations point out to the presence of small, shallow
depressions. Summing up, the completion of soil forma-
tion is quite well-dated (13th, locally 14th centuries) but
the beginning of this process is a matter of discussion due
to the fact that soil is a layer of distinct stratigraphic con-
densation, which collects artefacts and ecofacts from
various epochs. Although the pollen spectra clearly sug-
gest the relation of soil formation to the Medieval period
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of intensive human activity, the presence of artefacts
(flint tools and metals) from the Bronze Age (if these are
not secondary accumulations) does not preclude the ear-
lier beginning of soil formation.

The made ground, which covers the natural layers is a
waste dump. Microartefacts found in this material are not
indicative except for slag and charcoal fragments. Their
co-existence may confirm the activity of metallurgical
workshops (metal smelting and grinding) mentioned by
historians (e.g. Pieradzka, 1931) but may also document
ancient fires. Chemical analyses indicate that layers con-
taining slag fragments are also enriched in metals, par-
ticularly iron and lead. Interesting is also the layer in
which bone fragments were found (excluding the holes
where bones were dumped).

Fragments of ceramics, glass and concrete encoun-
tered in upper levels of the made ground indicate that its
formation has lasted since the 15th century until recently.
Similar succession of layers was found during archaeo-
logical studies at the 26 Krupnicza Street site (Walowy,
1986) and in the gardens of the Carmelitan church and
monastery in the Piasek quarter (Watowy, 1990). How-
ever, the formation of made ground since the 15th cen-
tury evidences the intensive colonization at that time
whereas the results obtained by Watowy (1986) point out
to earlier colonization phase (13th-14th centuries).

Almost undisturbed pattern of cultural layers and rare
macroartefacts observed at the study site suggest that the
area has never been build over with stone or brick build-
ings but small, wooden outbuildings could exist. It is
confirmed by historical cartographic materials (see e.g.
Traczewska-Bialek, 1981) and by iconography. The
backyard of the 7 Krupnicza Street residence could be
used as a garden or pasture and/or as a forage store, then
as a waste dump.

6. SUMMARY AND CONCLUSIONS

1) The study area is located within one of the lower
levels of medium terrace. The stratigraphy includes
alluvial sands followed by black soil and capped by
made ground.

2) Significant aeolization of sands from the terrace
sediments (TD) allows concluding their deposition
during the Vistulian (presumably the Late Vistulian).

3) During both the Meso- and the Neoholocene the
Rudawa River flowed over this part of terrace.

4) Anthropogenic sediments (made ground) are domi-
nated by quartz and macroscopically unidentified or-
ganic matter accompanied by mineral aggregates.

5) Three distinct horizons with slag fragments and in-
creased amounts of charcoal point out to metallurgi-
cal activity. One such horizon is hosted in the soil
whereas the remaining two occur in the made
ground. The oldest horizon correlates with increased
contents of Zn and Cr indicated by chemical analy-
ses, which is typical of metallurgical operations of
the Bronze Age. Thus, in the study area three periods
of metal processing were present.

6) In the range of excavation the study area has not
been build over with brick or stone buildings and
might have been used for farming or storage.

7) The results demonstrate the scientific importance of
further, similar projects run in poorly recognized
parts of Krakéw. Only such interdisciplinary and
complementary studies will enable the determination
of character and chronology of environmental and
cultural changes.

8) The crucial problem is the standardization of sam-
pling and research procedures, which would ensure
compatibility of results and interpretations.

9) Palynological analyses revealed the significant
changes of plant cover on and around the studied
site. This very local data well documented the
changes in strength and character of local human ac-
tivity. Taxonomic composition of pollen spectra al-
lowed to determine the probable time of its deposi-
tion which started from the Subboreal period and
lasted with breaks at least till the Late Medieval pe-
riod.
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