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Summary. Studying of archaeological sites in the fields of oil and gas pipeline routes, buildings
and oil terminals is very important in Azerbaijan. The application of geophysical methods is based
on the preliminary detection and investigation of important archeological objects that can be dam-
aged by oil and gas pipelines, oil and gas fields, and construction sites. The application of these
methods in our country can extend search opportunities for archaeologists, on the other hand, it
could help to take into account the existing archeological monuments in the area and suggest pos-
sible adjustments for the planning stage of the industrial operations (such as oil and gas pipelines,
oil and gas terminals, oil wells, etc.) and help to take preventive measures. A series of geophysical
investigations have been tested in the Alkhantepe archeological zone of Azerbaijan for the purpose
of developing the method and technology for the application of geophysics of small depths in the
discovery and initial investigation of archaeological monuments. The sensitivity of the archaeolog-
ical methods used to detect various types of objects was taken into consideration and the reliability
of the results was examined on the Alkhantepe archaeological monument and the three-
dimensional space and time models of the archeological object were compiled. To identify the to-
pology of the area high-precision surveying has been applied to the area as well as high-precision
gravitational field measurements were performed for determination of possible archaeological sites
(cavities, fractures, etc.), natural radio-based background of the area and detection of abnormal
zones associated with it were performed with pedestrian gamma-planning method.
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Introduction

nals is very important in Azerbaijan. The application

Geophysical investigations allow getting the ini-
tial information about archeological monuments, their
area of coverage and significance. In archeology geo-
physical methods primarily can be used for search
and discovery of important archeological objects and
for preventive measures. Latter have led to a new di-
rection called "Preventive Archeology", which gives
very good efficiency in the preparation of preventive
measures (Clark, 1990; Maptsitos, llep, 1990).

The application of geophysical methods is based
on the preliminary detection and investigation of
important archeological objects that can be damaged
by oil and gas pipelines, oil and gas fields, and con-
struction sites.

The study of archaeological sites in the fields of
oil and gas pipeline routes, buildings and oil termi-

of these methods in our country can extend search
opportunities for archaeologists, on the other hand, it
could help to take into account the existing archeo-
logical monuments in the area and suggest possible
adjustments for the planning stage of the industrial
operations (such as oil and gas pipelines, oil and gas
terminals, oil wells, etc.) and help to take preventive
measures.

Area of investigation

A number of geophysical methods have been
tested in Mughan archeological field in Azerbaijan
to assess the sensitivity of geophysical methods in
the discovery and initial investigation of archaeolog-
ical monuments. The sensitivity of the archeo-
geophysical methods used to detect various types of
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objects was taken into consideration and the reliabil-
ity of the results was verified on the Alkhantepe ar-
chaeological monument and their three-dimensional
space and time models have been constructed. The
research was carried out with the support of the State
Oil Foundation of the Azerbaijan Republic
(04.01.2018-04.01.2019).

The sensitivity of applied geophysical methods
depends on geological and ecological environment,
the type and character of the archeological monu-
ment. Therefore known Alkhantepe archeological
field has been selected as a base in order to perform
tests of geophysical methods (Figure 1). The monu-
ment is located about 4 km to the north of the village
of Uchtepe, Jalilabad region.

Figure 1. The view of the Alkhantepe excavation area

While the research area has a broad coverage
with rich cultural history, it is located below the
modern level of alluvial plain. Therefore it is cov-
ered with alluvial sediments and does not show any
signs of existence on the surface. This feature of the
archeological field creates ideal conditions to test the
geophysical methods in order to develop necessary
methodology and techniques to discover and inves-
tigate of archaeological monuments.

Archeological view of the research area

South-eastern region of Azerbaijan is divided
into mountainous and lowland parts. Lowland part
consists of Mughan plain situated in the north of the
region and Lankaran lowland which is located be-
tween Talysh Mountains and Caspian Sea. The ob-
ject of our research, the settlement Alkhantepe is on
the territory of Mughan plain. The results of archae-
ological research of the revealed monuments and the
analysis showed the following picture of settling in
the region.
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The traces of early inhabitants in the mountain-
ous part of south-eastern Azerbaijan related to 5th
millennium B.C. were revealed on the territory of
Lerik district in the Buzeyir cave (Coforov, 2012).
But we have no certification of settling in this region
for the later long period of time.

The next settling in the lowland part of the re-
gion began in the 5th mil.B.C. and from time to time
continued up to now spreading to all areas. At that
period of the time tribes and states with different
cultures replaced one another and inhabited the areas
in accordance with their economic needs.

In the 5th mil. B.C. the tribes known as
“Mughan Neoliths” have settled in Mughan plain
and mainly on the territory of modern Jalilabad dis-
trict. Their traces are kept up to our days in more
than 20 monuments. The archaeological research
was held only on two of them — Alikomektepe and
Polutepe which are situated on the territory of Uch-
tepe village (Mirzazads, 2016).

There are traces of Leylatepe tribes in this re-
gion which replaced “Mughan Neoliths” tribes in the
second half of the IV mil. B.C. At that time the trac-
es of settling embrace the majority of parts of the
region, the lowlands as well as the mountainous
ones. One of these parts is our object of research —
the settlement Alkhantepe (Axynmos, 2014;
Akhundov, 2018).

The next settling in south-eastern Azerbaijan
replacing Leylatepe tribes and relating to the Ill
mil.B.C. belongs to the bearers of Kur-Araxes cul-
ture. Their traces are observed in different parts of
the region. But in the meanwhile the reconnoitering
excavation was held only on the settlement Mis-
harchay-1 which is situated in the east of Jalilabad
city, on the crossway of Misharchay and Baku-
Astara road (Maxmyos, 2008).

We cannot show any common culture character-
istic to this region in the second half of the Il
min.B.C. and the first half of the 111 min.B.C. At that
time, the tribes belonging to different cultures main-
ly cattle-breaders were living here. They are re-
vealed and observed both in the tumuli and in the
remains of settlements, belonging to tribes preceding
them. The only known settlement of this period was
registered in Jalilabad district on the territory of
Jafarkhanly village (Axundov, 2009).

In the second half of the Il mIn.B.C. — first half
of the I mIn.B.C. in the south-eastern Azerbaijan
there was revealed a number of specific culture trac-
es known as “Talysh-Mughan” culture. They ap-
peared as “stone boxes” in mountainous parts and as
tumuli in lowland areas.

Thus as we pointed it out, in the south-eastern
Azerbaijan, different tribes and states replaced one
another, got mixed, settled on this territory, lived
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here and left their traces. The researches and the ma-
jority of results gave the certifications which show
that the most part of traces for a long time of millen-
niums are beyond the modern earth surface and are
not observed visually. The cause of it are geomor-
phological processes. Traditional archaeological
methods are not enough to efficiently reveal these
monuments. It is necessary to use different ap-
proaches and apply new techniques and geophysical
methods.

Research methods

High-precision leveling and gravity measure-
ments were performed in order to determine possible
archaeological sites (cavities, fractures, etc.) of
Alkhantepe zone. Natural background radioactivity
of the area and associated anomalies were detected
by the pedestrian gamma-ray surveying.

High-precision leveling

High-precision leveling was performed in order
to study the relief features of Alkhantepe archeolog-
ical zone. Measurements were performed by the
high-precision "AFL-320", produced by Pentax and
GPS. Nine profiles were selected to carry out high-
precision leveling measurements. Figure 2 illustrates
the location of measured points on each profile.
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Figure 2. Leveling and gravity measurement points on the pro-
files in Alkhantepe area

High-precision leveling measurements were car-
ried out on stationary bench marks. Point L1 has
been selected as the starting point for measurements.
The total length of the profiles is 2.7 km (65 pt). The
difference between the starting points is 3.216 m.
Discrepancy of measurement was 4 m. Acceptable

error A was i3«/t mm = 18 mm, where L is the
average length of one step.

High-precision gravity measurements

High precision gravity measurements were per-
formed in order to identify possible buried archeo-
logical objects, gaps, fractures, etc. The gravity
measurements were carried out on 9 parallel profiles
striking from south-north and all gravity measure-
ments were tied to the fundamental reference points.
The measurements step was 20-25 m. Bouguer
anomalies were calculated using the density of in-
termediate layer (2.67 g/cm?®). Gravity measurements
were performed with GNU-K2 gravimeter. Temper-
ature changes, the Earth's tides and the surrounding
relief features, as well as the non-linearity of the
gravimeter system were taken into account during
gravity data processing. Measurement of gravity dif-
ference between two neighbor points A and B is
done with a simple loop scheme (A1 — Bl — A2).
The gravity difference is calculated by the following
formula:

Gra, — Gra,

ﬂgab = Grb, — |Gra, + t

(tbi - Ial}

g ay

Here, g,o. Gra,» Grp, are the effective esti-
mates of the gravity acceleration obtained for sim-
ple loop between A and B points. Ag_; is the dif-
ference of the gravity acceleration between A and
B. ., ty,. £, are measured times corresponding to
A1, Biand A; points. The Bouguer anomaly and the
Bouguer anomaly gradient were calculated based

on the gravity and geodetic measurements results
(Figure 3).
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Figure 3. Bouguer anomaly map of Alkhantepe area (calculated
using density of 2.67 g/cm?3)

Multiple environments have been detected as a
result of the combined analysis of the Bouguer
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anomaly and Bouguer anomaly gradient characteris-
tics obtained from high-precision gravity measure-
ments carried out in the study area.

As seen from the Bouguer Anomaly Map (Fig-
ure 3) for the Alkhantepe area, the Bouguer anomaly
maximums have been observed throughout the L43-
L56 measuring points (48.462 to 48.4625 in length)
in the eastern part of the study area, where the pres-
ence of this maximums stand out by difference from
other environmental characteristics in the area.
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This is clearly shown in the distribution map of
the Bouguer anomaly gradient (Figure 4) calculated
for the Alkhantepe area. The boundaries of the
anomalous strip found in the distribution map of the
Bouguer anomaly gradient are clearly stated. There
are two anomalous boundaries in the distribution
map of the gradients of the gravitational field. This
shows the existence of walls. The results are con-
sistent with the previous archeological researches
carried out in Alkhantepe.
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(c) forward direction méthod

Figure 4. Bouguer anomaly gradient distribution map of the Alkhantepe area
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Radiometric measurements

Radiometric studies in Alkhantepe were per-
formed according to the "Temporary Methodologi-
cal Guidelines for Pedestrian Gamma-Ray Surveys”,
"Guides for Radiometric prospecting and analysis"
and “RTN 99/2009 Radiation safety norms”
(Opynxuna, Hamkun, 1984; HopMel paanaiinoHHOR
6e3onacHocty, 2009; Temporary methodological
guidelines..., 1986).

Based on the analysis of radiometric measure-
ments in Alkhantepe archaeological area, maps of
gamma-ray and radon gas concentration in under-
ground air has been created (Aliyev Ch.S.). Natural
background radiation of the research area and detec-
tion of anomalous zones were carried out with pe-
destrian gamma-ray surveys.

Dose-radiometer MKC-AT1125 is used to
conduct the measurements. The background radia-
tion measurements were carried out at 188 points,
with a measurement step of about 20 meters by the
pedestrian gamma-ray survey. Gamma-ray field of
the area was mapped based on the obtained results
(Figure 5).
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Figure 5. Gamma-ray distribution map of Alkhantepe research
area (Aliyev Ch.S.)

The map of the gamma-ray field shows that
high values of natural radioactivity (95-98 nzv/h)
were observed in the south-western part, whereas
north-eastern part of the research area is character-
ized by relatively low radioactivity (85-90 nzZv/h).
The background radiation values change between
82-98 nzvi/hr.

Also the radon gas concentration of underground
air was determined at 9 sites of the study area. Here,
the radon gas concentration has been estimated to be
about 168-1190 Bk/m?. Based on these results the map

of radon gas content of the underground air has been
generated for the research area (Figure 6).
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Figure 6. Map of radon gas content in underground air in
Alkhantepe research area

According to the map shown in Figure 6 it ap-
pears that relatively high values of radon gas in the
underground air (900-1200 Bk md) are found in the
north-eastern part of the area and low concentration
(150-400 Bk/m?®) belongs to the south-western part
of the area.

Analysis shows that cross-border of the high
and low values may be considered as prospective for
archaeological investigations. The presence of
anomalous boundary in the distribution map of the
radon gas content is consistent with previous studies
in Alkhantepe.

Conclusions

The first experience of use of near-surface geo-
physical methods in archeological researches in
Azerbaijan (radiometric and gravimetric) can be de-
veloped in the future to continue the research in this
direction. The following results have been obtained
during archeo-geophysical studies:

— the historical archeological scene of the re-
search area is described;

— the possibility of applying of preventive geo-
physical methods in the complex study of archaeo-
logical monuments has been identified and the
methodology of modified methods has been devel-
oped considering the characteristics of the area;

— the three-dimensional space and time model
of the archeological site (Alkhantepe) with different
physical parameters has been compiled;

— the sensitivity of the used archeo-geophysical
methods to detect different types of objects was as-
sessed and the reliability of the obtained results was
tested on Alkhantepe monument.
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PE3YJIbTATBI IPUMEHEHUSA APXEOI'EO®PU3UYECKUX METO10B
HA TEPPUTOPUU APXEOJOTHMYECKOI'O MAMSITHUKA AJIXAHTEIE (A3SEPBAMIKAH)

Cadapos P.T.%, Axynaos T.1.2, 3amanoBa A.I'.}, Anues U.C.1,
Ilapudosa A.T.}, Aoaymriaes A.H.2, Barupau P.JIx.!
Uncemumym 2eonozuu u 2eopusurxu HAHA
AZ1143, 2. baxky, npocn. I" JPicasuda, 119: rafigsafarov@gmail.com
2Uncmumym apxeonozuu u smuozpagpuu HAHA
AZ1073, 2.baxy, npocn. I [lcasuoa, 115: rafigsafarov@gmail.com

Pe3tome. V3yueHne apxeolornyeckux OOBEKTOB B pailoHe HaXOXKICHHs HedTe- M Ta30mpOBOJOB, MPOMBIIUICHHBIX 3[aHHH U
HEe(TSHBIX TEPMHUHAJIOB OYCHb aKTyalbHO st A3zepOaiimkana. [IpumeHeHrne reou3nueckux METOI0B OCHOBAHO Ha MPEIBAPHUTEIb-
HOM BBISIBIICHHH U HCCJICIOBAHUH apXEOJOTHIECKHX 00BEKTOB, KOTOPHIE MOTYT OBITh IIOBPEXKACHEI IPH BO3MOXXHOM CTPOHUTEIIECTBE
HedTe- 1 ra3ompoBosOB, pa3paboTke HE(YTEra30BBIX MECTOPOXKIICHHUMH, a TaKXKe NMPOBEJEHUN KaKUX-JIHOO CTPOUTENBHEIX padot. Mc-
MIOJTE30BaHME 3THX METOJOB B HAIIEH CTpaHe IMO3BOJISIET apXEeOJIOraM PACIIMPUTH BO3MOXKHOCTH MOMCKA apXEOJIOTHIECKUX NaMsITHH-
KOB, O€peXHO OTHECTHCH K TAKOBBIM CYIIECTBYIOIINM H MPEATIOKUTE BO3MOXHBIE KOPPEKTHPOBKH Ha CTaJHH IUITAHUPOBAHUS padoT,
a TaKX€ MPUHATH NPEBECHTUBHBIC MEPEI.

Psin reodu3nuecknx MeTo0B ObLT OIPOOOBaH B apXEOJIOTHYECKON 30HE AJIXaHTeNe B LeJsIX pa3paboTKH METOJOB MajorIyOHH-
HOIl reodu3nKu Ui 0OHAPY)KEHUsI U MEPBOHAYAIBLHOTO HCCISIOBAHUS apXEOoJIOTHYECKUX MaMsaTHUKOB. Ocoboe BHUMaHHE OBLIO
00pallieHo Ha YyBCTBUTEIBHOCTh apXeoreo(hu3MIeCKIX METOI0B, UCIONIB30BAaHHBIX ISl OOHAPY)KEHHS Pa3IMYHBIX THIIOB 00BHEKTOB,
a HaJeXHOCTb Pe3yJIbTaToB ObLIAa MPOBEPEHA HA apXEOJOTHUECKOM MaMSATHHUKE AJIXaHTene. Bpuin cocTaBlIeHBI TpeXMEpHBIE IPO-
CTPAHCTBEHHBIC ¥ BPEMEHHbIE MOJIETIH apXEOJOTHIeCKHX 00BeKTOB. [l onmpeneneHus penbeda MECTHOCTH NPHMEHSIIOCH BEICOKO-
TOYHOE HHBEIMPOBAHUE, a JUIS BBIIBICHHS BO3MOXHBIX apXEOJIOTHYECKMX OOBEKTOB (TIOJIOCTEH, TPEIIMH U T.A.) — BHICOKOTOUHEIE
H3MepeHHs TPAaBUTAIIMOHHOTO NOJIsl, (POH €CTECTBEHHON paIOaKTUBHOCTH M aHOMAJIbHBIE 30HBI OBIIN YCTaHOBJIIEHB! METO/IOM II€IIIe-
XOJHOM TaMMa-ChbEMKH.

Knroueswie cnosa: apxeozeousuueckue memoovl, Aixanmene, npoQPuUIAKMUYECKds apXeonous, 2amma-cCbemMKd
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ARXEOGEOFIiZiKi USULLARIN ALXANTOPO ARXEOLOJi ABiDOSIi ORAZISINDO
TOTBIQININ NOTICOLORI (AZORBAYCAN)

Safarov R.T.%, Axundov T.i.2, Zamanova A.H.L, Bliyev C.S.%, Sarifova A.T.1, Abdullayev A.N.2, Bagirh R.C.!
TAMEA Geologiya va Geofizika Institutu
AZ1143, Baki sah., H.Cavid prosp., 119A: rafigsafarov@gmail.com
2 AMEA Arxeologiya va Etnografiya Institutu
AZ1073, Baki soh., H.Cavid prosp., 115: tufan_akhundov@mail.ru

xiilaso. Arxeoloji abidalorin agkarlanmasi va ilkin todgiginds kigik darinliklor geofi-
zikasinin totbigi metodunun va texnologiyasinin hazirlanmasi maqgsadilo  Azorbay-
can orazisinin Alxantopa arxeoloji zonasinda bir sira geofiziki todgigatlar sinagdan
kecirilmisdir. Istifads edilon arxeogeofiziki tisullarin miixtolif tipli obyektlorin miioy-
yan edilmasinda hassasligi nozare alinmis va naticalorin etibarliligi Alxantops arxeo-
loji abidasi iizorinds yoxlanilarag, obyektin {i¢6l¢iilii mokan vo zaman modellari
tortib edilmisdir. Todgiqgat orazisinds relyef xiisusiyyatlorinin 6yranilmasi tigiin yiik-
sok dagiqlikli nivelirloma, ehtimal olunan arxeoloji obyektlorin (bosluglar, qirilmalar
va s.) askarlanmasi1 mogsadils yiiksok daqiglikli gravitasiya saha dlgmalari, arazinin
tobii radiasiya fonunun tayini vo anomal zonalarin askar edilmosinds piyada gamma-
planalma islori hoyata kegirilmisdir. Bu iisullarin 6lkamizds tatbiqi arxeologlarin ax-
taris imkanlarin1 genislondira bilor, digar tarafdon — sonaye islarinin planlasdiriimasi
(neft-gaz kamarlorinin g¢akilisi, neft-qaz terminallariin va neft quyularinin yerlarinin
segilmoasi va S.) marhoalasinds arazido movcud olan arxeoloji abidalori nazora almaga,
layihalara lazim olan diizalislori vermaya va preventiv todbirlor gormoys imkan veror.

Acgar sozlar: Arxeogeofiziki iisullar, Alxantopa, preventiv arxeologiya, qgamma-
planalma
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