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Geoarchaeological study in Verteba Cave — a Trypillian
Culture Site (Ukraine) - using geophysical methods
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The remains of sixteen Trypillian settlements of stages Cl (3700-3200 BC) and ClI (3200-2750 BC) were
found within a radius of 10 km to the cave, which are synchronous to Verteba cultural horizons, according
to radiocarbon dating of selected materials (3700-2700 BC)

Kapra-cxema po3TanryBaHHS maM’ATOK TPUNLIbCHKOI KYIbTYpH
etranis C I, CII B pagiyci 10 kM Bix meuepu Bepre6a

[T - wununeuska rpyna (llgasa)
[ - xommrorenska rpyma

3] - xacnepiscbka rpyna
] - ueuepa Bepreta



Lithologically the deposits are mainly loamy layers with the inclusions
of gypsum fragments. Three chronological horizons of Trypillian
culture, which are clearly separated by the 'sterile' layers, are present in
the excavation 7. These horizons belong to the chronological periods of
Cl, CII and represent three local groups of Trypillian culture.
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0,15 Layer of grey-yellowish loam with rough gypsum and limestone
debris overlaying gypsum rocky bottom

0,15-0,2m Coarse-grained lamellated grey loam with gypsum and limestone

debris. This is an artificial dip for levelling holes on a rocky bottom.

0,4-0,6 m  Dark-grey, carbonate loam. Significant concentrations of coals,
ashes and reburned gypsum. Contains ceramic shards, flint and
bone products, as well as scattered human and animal bones. The
oldest cultural horizon, dated to the late Cl phase of Trypillian

culture.

0,1m . .
’ Pale-yellow loam, carbonate, archaeologically 'sterile’,

homogeneous

0,35-04m Mixed layer of dark grey loam containing reburned gypsum, coal
(small remains of burnt wood). Dense saturation with sherds of
painted ceramics. Terracotta figurines of humans and animals,
bone products (daggers, trowels, amulets) were found. Whole and
fragmented mealing stones and animal bones are present.
Anthropological materials are in disturbed condition. Dated to the
early Cll phase of Trypillian culture.

0,1-02m  Pale-yellow loam, carbonate, archaeologically 'sterile’,
homogeneous

0,6 m Dark-grey loam of cloddy-nut texture with manganese inclusions,
small stones, reburned lime and coals. Contains a lot of ceramic
sherds. Whole small vessels (cups) were found. Gray pottery with
cord impressions prevails. There are models of sledges, ovens and
spindlewhorls among finds. Dated to the late Cll phase of
Trypillian culture.

0,8-1m Chernozem soil material, dark-grey, loose, carbonate, with
fragments of gypsum and limestone deposited through the karstic
sinkhole. Does not contain archaeological finds.



Geophysical techniques

a) MAGNETOMETRY
b) ELECTRICAL RESISTIVITY TOMOGRAPHY
c) GROUND PENETRATING RADAR

Total station, GPS, UAV-photography

SEG Geoscience Field Camp in Ukraine 2018

-23 participants;
-9 countries;




Magnetic survey

For the survey on the ground surface, we used the
cesium magnetometer PKM-1M (Geologorazvedka,
Russia). This consists of one magnetometer probe with
an automatic data log on a handled controller.

On the surface:
10 measurements per second;
sensitivity of +/-0.01nT;

traverse interval was chosen with 1 m;

measurements were taken in manual mode.




Results of magnetic survey on the surface

The total 1,5 ha survey area includes series of
round and oval-shaped magnetic anomalies
with dimensions of 10-25 m and maximal
intensity of 15-20 nT. These anomalies are
supposed to correspond to old sinkholes
infilled with top-soil material and not
expressed in the relief. The terrain where the
anomalies are located makes potential
Verteba cave continuation area. No anomalies
have been recorded within the measured
plots, which can correspond to Trypillian
culture houses or other remnants of
habitations from Eneolithic Age.
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Induction of
anomalous geomagnetic field, nT
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Verteba karstic field. Magnetogram in greyscale, raster 1.0x0.1 m
interpolated to 0.5x0.5 m, dynamics of the anomalous magnetic field
+/-5nT



Electrical Resistivity Tomography
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During fieldworks on the cave field of Verteba, the
one-channel device furnished with 64 brass electrodes
was used (Khomenko et al., 2013).

ERT measurements were made using a Shlumberger
array protocol.

In the surface survey the electrodes were placed at every
1 m. Such distribution allowed recognizing electrical
resistivity to a depth of about 11 m.

In the cave the distance between electrodes was 0.25 m
with the maximum depth of 2,5 m achieved.

Measured electrical data were inverted using the

interpretation software Res2DINV, implying the
smoothness-constrained least-squares optimization
technique (deGroot-Hedlin and Constable 1990; Sasaki
1992; Loke and Baker 1996) to obtain inversion of a
measured resistivity.



Sulphate rock, containing 75 to 100% of
gypsum shows electrical resistivity values In
a range of 700-1,000 Om (Guinea et al,
2010). According to (Dublianski] &
Smolnikov, 1968), Miocene gypsum unit
contain over 99% of gypsum (CaSO,x2H,0).

Geological units, recognized from inverted
ERT profiles are characterized by resistivity
values varying in the range 10-3100 Qm.
The presence of cavities filled with air leads
to high resistivity values (>1000 Qm). Low
resistivity values (<500 Qm) can be
associated with loamy sediments and soills.



ERT results on the surface
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GPR results on the surface

The survey was conducted within two
polygons over the cave and near it (Fig. 3).
The GPR instrument VIY-3-125i (Transient
Technologies) has been used. As evidenced
by radarograms form the both polygons, soil
effectively adsorb electromagnetic waves
providing poor depth of GPR exploration.
Thus no information was obtained from
surface GPR measurements.
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ERT and GPR measurements by cave floor
(site 4)
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The underground survey was performed in Archaeological district of the cave in manual mode.

A traverse interval was chosen with 0.5 m.

Interval between points on the line was 0.25 m.

The ends of each line were geolocated using Leica Disto X310 laser distance meter with an upgrade kit
which adds a compass and clinometer.

Another the same cesium magnetometer was utilized to record variations during survey.

It operated in the sampling rate of 1 meas/sec.

At the processing stage the variation was subtracted from the measured values along the profile.

All measured points were organized in an irregular grid about 0.25x0.5m and interpolated to the regular grid
0.12x0.12 m.



Results of magnetic survey in cave

Decrease of the geomagnetic field in the eastern direction is
observed. The reason for this phenomenon may be the proximity
(about 10 m) of the measuring plot to the iron entrance door of
the cave, which created the corresponding anomaly. Complex
anomaly 1, probably, is of archaeological origin. The source of the
complex anomaly 1 can be an object with 0.7 m size, laid on a
shallow depth. The expected depth to the upper edge of the
object is about 0.5 m. The anomaly 2 could correspond to clay bed,
such as known near the walls in other places of the cave.

Verteba cave, Archaeological chamber. Scheme of survey points (a) and magnetogram in rainbow scale
(b), raster 0.5x0.25 m interpolated to 0.12x0.12 m, dynamics of the total magnetic field 49510+/-20nT



BbiBOAbI

[codm3nueckuM TMpH3HAKAMH HAJIMYHMSI  KapCTOBOTO
poriecca Ha TEPPUTOPHH SIBIISIOTCS.

1) maraumTHBIe aHoMaauu  guamerpom  10-25 M w
UHTEHCUBHOCTHIO 15-20 HTI1, mpeuMyIiecTBEHHO OKPYTII0i
(OopMBI, COOTBETCTBYIOIIME B IICIIEPE BBHICHITIKAM, a Ha
MOBEPXHOCTH — 3aTAHYTHIM IPOBaJbHBIM BOpOHKaM. [Ipu
TOM BBICOKAS CKYYCHHOCTh TAKHMX BOPOHOK TOBOPHUT O
CUJILHOM MOPYIMICHHOCTH TUIICOBOTO CJIOS U, KaK CJICICTBUE
— OTCYTCTBHUH ITYyCTOTHOTO MTOCTPAHCTBA;

2) nHanuume B BhICOKOOMHOM (>1000 OMM) THIICOBOM Cl0€
30H yparaHHO BbICOKMX comnportuBieHuid (>2600 Omm)
TOBOPUT O HAJIMYUM 3HAYUTEIHLHOU MO BEJIUYUHE TCIICPHI,
IIPUTOTHOM JIJISI 3aCEJICHUS YEIIOBEKOM;

IlepcieKTUBHBIMUA  JJI1  TIOMCKA HOBBIX XOJOB CIIEAYET
IpU3HATh HaNpaBlICHUS BAOJIb OOpPTOB MEIIEphl, IJE MO
JAHHBIM  TEOPANAPHOTO CKAHPOBAHUA CTE€H  BBIABIICHBI
BEPTUKAJIbHBIC TPAHUIIBI B TUIICOBOM TOJIIIE, 0COOEHHO B TEX
Cly4asX, KOTJAa NPUCYTCTBYIO ITPU3HAKU TPaHUIBl  THIIC-
BO31YyX.




BbiBOAbI

Bo3MoxHbIE 30HBI pa3BUTHSA nemepbl
MPEAIONAaraloTcs Ha TEPPUTOPUU K CEBEpPy OT €€
LHEHTPAJIbHOW 4YacTH, HEMOCPEICTBEHHO BJIOJIb
CEBEPO-BOCTOYHOTO OOpTa MO MArHUTHBIM JAHHBIM

" pe3ylibTaTaM 1ecopaaapHOoro CKaHnpoBaHUA CTCHOK

Induction of

BHYTpI/I HeH_[epBI. anomalous geomagnetic field, nT
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B Tosme MIMHUCTOrO 3alOJHUTENS NEEephbl MpHU
MIOMOIIIM MAarHUTOPAa3BEJKW YCICIIHO BbISIBIISIOTCS
000X KEHHbBIC apXEO0JIOTUYECKUE OOBEKTHI.
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Tomorpadust >I€KTPUUECKOTO COMPOTUBICHHUS Ha

MOCTOSSHHOM TOKE M Teopajgap MOTyT ObITh
VCTIOJIb30BAHbI JIJI1 UCCIEAOBAHUS CTPYKTYpPHI IOJa
memepsl B TE€X CIIydasX, KOIJa COCTOSIHUE
MTOBEPXHOCTU Y TEOMETPUS XOJ1a MO3BOJISIET CHIENATh
U3MEPEHUS MO JOCTATOUYHBIM M0 JTUHE TPODUIIIM,

[eopusnueckass pa3Beka Ha TOBEPXHOCTU HE
BBISIBUJIA CJIEIOB DHEOJUTUYECKOIO MOCEIICHHUS, YTO
JUIIHUN pa3 JOKa3bIBACT, YTO JIFOAW MCIIOIb30BaJIN
Neliepy B KauecTBe yOSKUIIA WK CBATUIMIIA.




Thank you for attention!
Cnacnbo 3a BHUMaHue!




