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NATURAL RADIOACTIVITY IN SOME CAVES OF THE VAYOTS DZOR
PROVINCE, ARMENIA

Dmitry Albov'?, Boris Gasparyan®
'Lomonosov Moscow State University, Chemistry Department, Leninskiye Gory 1-3, Moscow, 119991 Russia
Czech Speleological Society ZO 3-05,Vitézna 414/72, Karlovy Vary, 36009 Czech Republic, dmitryalbov@ gmail.com
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Abstract

During the international expedition in Armenia in 2017 levels of gamma radiation were measured in four caves in
Vayots Dzor province. Background radiation levels in the Archeri, Mozrov and Magel caves show no difference with
the medium level in the district, but in one hall of the Areni-1 cave gamma radiation level is up to 3 times higher. This
hall contains archaeological layers with the cultural material of Chalcolithic period. The results of gamma spectral
measurements of samples from this cave are presented in this article.

Keywords

Radioactivity, gamma radiation, archaeology, cave

To find a suitable location for radon monitoring, levels of
gamma radiation were measured in four caves in the area
of Noravank monastery, Vayots Dzor province, Armenia.
Radon is known as an important earthquake predictor
(Riggio & Santulin, 2015), its isotopes are formed by the
radioactive decay of the uranium and thorium traces in the
most rocks. Radon is released during rock fracture and can
be easily detected due to its radioactivity. Its very short
half-life makes radon levels sensitive to short-term
geological processes. Radon concentrates in underground
structures such as natural and artificial caves, mines and
cellars. Radon is a pure alpha emitter, but its daughter
isotopes yield strong gamma radiation, so there is a
reasonable correlation between radon concentration and
gamma radiation level suitable for a preliminary search of
radon.

Measurements were carried out in the caves Archeri,
Mozrov, Magel and Areni-1 using a SRP-68 scintillating
exploration radiometer. Background radiation levels in
three of them show no difference with the medium level in
the district, they are in the range of 7-11 pR/h. An
interesting anomaly was found on the floor in one of the
galleries of the Areni-1 cave, where gamma radiation level
reached 21 uR/h, up to 3 times exceeding levels on the
surface and in other caves. However, this cave is perfectly
ventilated through several entrances, so radon hardly
concentrates there and we could suppose that it should not
be the main reason of radiation.

The Areni-1 cave is a noticeable archaeological site, it is
situated at 1 km from the Areni village on a bank of the
Arpa river. Archaeological excavations were carried out
from 2007 to 2014. Several strata were found dating since
the Late Chalcolithic to Medieval time. Excavations
showed that different parts of the cave were used by
inhabitants for different purposes such as storage, living
and ritual purposes. Soil in the cave consists of sand-rich
silts of unknown genesis, probably by weathering of the
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cave enclosing rock and cultural activities took place
inside of the cave.

Cave entrance

‘,Sam ple2

Figure 1. Plan of Areni-1.

In the remote hall (Fig. 1) the Trench 1 was excavated,
revealing four archaeological layers of late Chalcolithic
period with thickness of 4.5 m (units 1002-1005,
Wilkinson et al., 2012). Unit 1005 contained scattered
ceramics and animal bones (mainly of sheeps and goats).
Units 1003 and 1004 contained whole ceramic vessels,
pottery fragments, animal bones and obsidian artefacts.
Two of the pots contained sub-adult human crania and an
adult femoral shaft. Six large ceramit storage vessels
contained plant remains and were set within clay basins,
which in turn formed part of a more extensive baked clay
surface. A '*C date on charcoal from Unit 1004 suggests
that deposition occurred around 4230-3970 Cal B.C.
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In the entrance of the cave the Trench 2 was excavated.
Several units of the Chalcolithic period also contained
crania in ceramic vessels, storage vessels, bones of
animals and remains of plants. Units in the Trench 2
containing storage and ritual vessels dated by 3970-3800
B.C. are contemporary with the units 1002 and 1003 in the
Trench 1.

Unusual gamma radiation level was found only in the
Trench 1 and at the soil surface around it (Fig. 1). The
Trench 2 snows no radiation anomaly as well as the rest of
the cave.

Table 1. Activities of major nuclides.

Nuclide Decay Sample 1 Sample 2
chain Bqg/kg Bqg/kg
U U 0.82 0.66
21IBj 2y 36.11 32.43
38U (calculated) U 17.51 14.19
Th By 11.12 10.40
214pp By 13.47 12.83
219Bj By 12.30 11.54
22T (calculated)  **Th 33.66 2.30
28Th #2Th 77.41 5.30
2Ac *Th 12.87 0.91
212pp *Th 14.91 1.05
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Activities of nuclides belonging to the **U and ***U decay
chains are a little bit more in the sample 1. However,
activities of nuclides belonging to the ***Th decay chain is
about 14 times higher in the sample 1.

We assume that higher content of thorium and its dauther
isotopes is a result of human activity in the Areni-1 cave.
For example, thorium may present in a peculiar type of
pottery made from thorium-rich clay. Also the source of
thorium could be bones of animals and humans who lived
in the area with high thorium content. Also we can not
exclude the role of geological processes in thorium
accumulation. In order to locate thorium containing
material it might be possible to use alpha radiation meter
in the cave and namely in the Trench 1, followed by
gamma spectrometry of some artefacts.
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