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& Humanities Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The inclusion of
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GEOPHYSICAL DATA COMPLEX INTERPRETATION TECHNIQUES
FOR STUDIES OF THE EARTH CRUST DEEP HORIZONS
IN THE NORTH CASPIAN REGION

Abstract. Comprehensive interpretation of geophysical data for studies of the Earth crust deep horizons
in the Caspian oil and gas bearing region is based on analysis of regional seismic section wave fields as
per reference geotravers and gravity anomalies’ interpretation results received by posing direct and
inverse problems with use of specialized geoinformation systems. Gravity exploration data in the form of
consolidated medium- and small-scale maps and the observed travel time graphs of DSS and Reflection
Wave/DSS refraction waves taken in separate regional profiles serve as the factual basis for construction
of deep geological-geophysical sections. Physical models of density and structural-velocity proved to be
effective and allowed identifying vertical and lateral heterogeneities in the crust and upper mantle structure.
The models for upper horizons of the Earth crust are most reliable, as they are provided with a large amount
of factual material, including geological data. Structural-velocity sections built on regional seismic profiles
revealed heterogeneous structure of the North-Caspian region’s lithosphere. Negative and positive velocity
anomalies characterize the lower horizon blocks of the Earth crust and the upper mantle of different material
composition and structure. The gravity models of deep structures and density distribution in the Earth crust
allowed to reveal the vertical and sub-vertical boundaries of deep blocks, to predict the material composition
of deep structures and to determine the peculiarities of their formation and tectonic development. Given
the poorly explored territory and incomplete geophysical information, the proposed method of the complex
interpretation of seismic gravimetric data enables to construct reliable density and velocity models of complex
geological situation. The obtained models of the region’s deep structure can be effectively used both for
reconstruction of Paleozoic geodynamic conditions and identification of the modern structural features of the
Earth crust and upper mantle.

Key words: seismic surveys, gravimetry, P-wave velocity, density, modelling, deep structure, Caspian Sea
region.

Introduction. The Caspian region is one of the world’s best known hydrocarbon provinces, characterised
today by highly dense regional detailed geophysical observations, not yet covered by regional summaries on a
unified methodological basis which would contribute to a wide range of tasks assessing its oil and gas potential
[1].

Modern geophysical methods applied today to solve regional geological problems have their advantages
and disadvantages, technical and methodological limitations. Analysis of gravitational and magnetic fields,
results of investigation of petrophysical parameters of geological complexes provide an opportunity to obtain
reliable information about geological heterogeneity of the Earth crust upper part (sedimentary complex and
crystalline basement). When studying structural heterogeneity of deep horizons of the Earth crust and upper
mantle, data of deep seismic survey and magnetotelluric sounding play the major role. The methodical and
complex interpretation of geophysical, structural-geological and petrophysical data allow physical-geological
modelling of the tectonic structures of the Earth crust on the geodynamic basis and linking the heterogeneity
of the upper layers with minerals embedded in deep horizons of the Earth crust [2,3,4,5].
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Regional geophysical materials are sufficient for complex interpretation to construct deep sections of
lower horizons of the Earth crust and upper mantle of the Caspian region. The area is provided with high
degree of geophysical data: gravimetric survey materials, a large number of DSS and RW/DSS profiles, data
generated by rapidly developing seismic tomography which illuminates the structure of the mantle to a depth
of 200 km. Constructing the deep geological-geophysical sections was actually based on the gravity survey
data in the form of consolidated medium- and small-scale maps and observed travel time graphs of refracted
waves obtained by DSS, EWS and RW/DSS methods from selected regional profiles [6].

The authors believe that the currently available regional geophysical database supports identification of the
major deep geotectonic heterogeneities (rises, troughs, tectonic faults, thrusts along the crust’s deep horizons,
the basement surface and overlapping strata, etc.) at a higher qualitative level, which is necessary for further,
more profound, study of the deep structure and geodynamic evolution of the Caspian region’s lithosphere.

Research methodology. Comprehensive interpretation of geophysical data in the study of the Earth crust
deep horizons in the Caspian oil and gas bearing region is based on analysis of wave fields of regional seismic
sections and results of quantitative calculations of gravity anomalies based on methods of direct and inverse
problems with extensive use of specialized geoinformation systems.

In this study, materials of deep seismic sounding (DSS, EWS-DSS) along geotraverse lines crossing the
Kazakhstan part of the North Caspian region were employed. In addition, when studying the structure of
the Earth crust and the upper mantle of the Northern Caspian, seismic methods were applied: correlation
refraction method, DSS and its combination with the method of earthquake exchange waves (EWS) on
individual regional profiles. The lack of traditional deep seismic surveys in some areas was recuperated by
profile seismic tomography [7] (Figure 1).
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Figure 1 - Diagram of regional seismic profiles (DSS), the Caspian Depression.

At present, the entire territory of the Caspian sedimentary basin is covered by gravity surveys of various
scales and accuracy (1:500,000-1:200,000), and high precision detailed surveys have been carried out for
individual perspective areas with high-performance modern gravimeters (1:50,000-1:25,000). The results of
gravimetric work were summarised and presented in the form of consolidated maps (Figure 2).

Traditionally, seismometry (DSS and seismology) provides basic information on the structure of the Earth
crust and upper mantle. The data are mainly used to delineate horizontal boundaries. Gravimetry is more
sensitive to the block heterogeneity of the crust and the entire tectonosphere, but is poorly suited to detecting
extended subhorizontal interfaces. In other words, an important feature of gravity survey is that it cannot study
smooth horizontal and subhorizontal interfaces and is most effective when studying local bodies (separate
structures, blocks, massifs, lenses, dikes, etc.) and vertical and sub-vertical boundaries [8,9].
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Figure 2 - Gravity field transformations. Caspian Basin. Scale 1:2 500 000
(edited by Nussipov E., 2005).

The authors widely used traditional methods of geophysical data interpretation, namely: analysis of
physical properties of rocks and evaluation of their area and depth differentiation degree, sectional modelling
of deep structure by quantitative calculations and selection of parameters of geological section. The calculated
petrophysical models of the lithosphere (velocity and density) were linked to results of lithological and
formation analyses of geological complexes, petrochemical composition of rocks, etc. [10].

The following general principles guided the authors in their attempts to improve efficacy of geophysical
data integration while constructing the deep geological and geophysical models:

1. Seismic section is assumed to be the main information source on deep structure of an area. Results of
profile seismic tomography (Shatsilov V.I., Saipbekova A.M., 1994) were used for velocity characteristics of
the Earth crust and the upper mantle, and volumetric seismic tomography for deeper (up to 500 km) mantle
horizons (Saipbekova A.M., 2003; Shatsilov V.I., 2003; Xu Yi, 1994).

2. Gravity field is a link in interpreting materials of other geophysical methods. The complex analysis of
gravimetric, seismic tomographic and seismological investigations allowed to reveal the density stratification
of the crust and upper mantle and thereby to develop the data obtained earlier by seismological methods on
the deep structure of the region.

3. Interpretation of geophysical fields is oriented towards the areal variant to enable the construction of a
volumetric model of a deep structure.

4. In the process of interpretation, computer technologies were widely used to develop a unified information
base of initial data.

The method developed by V.I. Shatsilov, based on the method of transformation of observed travel time
graphs of refracted waves into a field of true velocity values in the section plane was applied for construction
of structural-velocity models of the region. Using the most productive of existing methods of transformation
of travel time graphs of refracted waves into velocity models, the expert team of the Institute of Seismology
at the RK Ministry of Education and Science processed more than 200 DSS, DSS-EWS and correlation
refraction profiles, obtained in different years in Kazakhstan and the adjacent areas [7,11].

The structural-velocity sections obtained along regional profiles enabled the typification of crustal blocks
based on mutual correlation of its layers and zoning of the territory by crustal types (continental, relict
paleoceanic, transitional crust). Figure of sectional velocity isolines confidently fixes such structures as deep
thrusts, sialic blocks submerged into the lower crust, blocks of intense basification and abrupt accretion of the
lower crust, tops of mantle asthenoliths, and other [2, 7].

Development ofthe 2D density models of the Earth crust in the Caspian region profited from main provisions
of the methodology of deep geological modelling formulated at the RK MES Institute of Seismology for
studies aimed at laying the deep geological and geophysical grounds for solving seismological problems in
Kazakhstan [12,13,14].

In case of the Caspian region, the authors applied the technique of iterative construction of density gradient-
layer models of complex environments based on numerous velocity sections obtained in recent years and the
identified features of the o = f (Vp) relation for various rock types. With help of developed deep structure
gravity models along a number of geotraverses crossing the south of the Caspian Basin and adjacent regions,
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both velocity features and density distributions were established for different blocks. These results together
with other geological and geophysical materials enable us to predict the material composition of individual
deep blocks and assess the peculiarities of their formation and tectonic development.

Construction of density models was carried out in three stages: at first, the observed gravity field was
split into orthogonal components reflecting the gravity effect of crustal and mantle density objects; secondly,
density of the layered environment’s vertical section was determined by gravity field and P-velocity data to
reveal the structure and properties of the section; thirdly, links were established between the lithosphere’s
identified features of density structure with tectonics and geodynamics of its most critical elements. A uniform
law of transition from velocity to density was observed [15].

Transformations of the observed gravity field obtained by the principal component method produced three
orthogonal components: regional, residual and local (Figure 2). The process of gravity field modelling began
with selection of the regional component of the field, which manifests the inhomogeneity of the structure of
the entire thickness of the Earth crust. Then, inhomogeneity models of deep crustal layers (granulite-basite
and granite-metamorphic) were built by selecting the intracrustal field effect Ag. In the last stage, local Ag
anomalies indicated the near-surface structures characterizing geological heterogeneities in the sedimentary
layer. The zero approximation of the section was carried out in strict accordance with the P-velocity
section. Using the latter, bodies were “coded” separately for the main crustal layers and the mantle material
inhomogeneities. The calculations were iterated until the theoretical and observed gravity fields, representing
the regional, intracrustal, and near-surface models were in complete agreement. The final model is the result
of summation of quantitatively consistent models: mantle, crustal, intracrustal and the near-surface one.

Accordingly, we obtained the following layer densities: 2.4g/cc for the suprasalt layer, 2.2g/cc for the
salt layer, 2.65g/cc for the sedimentary layer (further separation of the sedimentary layer into two sub-layers
with density values of 2. 55g/cc and 2.65g/cc), 2.75g/cc for the granite-gneiss bed, 2.85g/cc for the granulite-
gneiss bed, 2.95g/cc for the granulite-basite bed, 3.05g/cc for the crust inclusions in the active mantle
(coromantle mixture). Density of the active mantle below the Mojo surface is 3.25g/cc. As the Caspian mantle
is characterized by lower density, rocks of normal mantle with density 3.29g/cc are assumed as host medium
for crustal objects. In addition, fragmentary inclusions with increased density of 3.31 g/cc were individuated
in the mantle. Anomaly-forming bodies complicating the structure of the main crustal layers were used for
constructing the density model of intracrustal objects. Quality of results of petrophysical modelling depends
on the choice of technique for dividing the gravity field into components anomalies of which reflect the
velocity and density inhomogeneities of the geological section.

Research results. The authors analyzed the 2D density and structural-velocity models along regional
profile lines (geotraverses) located in the Northern Caspian, namely, Atrek-Abdulino-Sagiz, Volgograd-
Chelkar-Turgai, Emba-Kolpashevo, Meridian 500, provided with velocity models as per the DSS data (Figure
1). The modelling results are shown in the 2D density sections accompanied by the original P-velocity models
(Figure 3).

For example, re-interpretation of the primary DSS travel time graphs for the Volgograd-Chelkar profile and
of the regional CRM for the Turgai profile allowed us to obtain a velocity model for the Volgograd-Chelkar-
Turgai profile with a total length of 1500 km. The P-velocity model prominently reflects the sophisticate
structure of the lithosphere of the unique Caspian Basin: an abnormally large thickness of the platform cover;
a complex shape of the transition zone from the sialic layer of the consolidated crust to the basaltic layer
expressed in frequent alternation of high-speed protrusions and low-speed deflections in the depth interval
of 10-35 km; and in the mantle, below the centre of the basin, a high-speed block is clearly marked with
significantly increased lateral dimensions as compared to intracrustal ones [16].

The density model along this profile agrees with the structural-velocity data of the section, confirming
the complex structure of the lithosphere within the Caspian depression, expressed in frequent alternation of
high-density protrusions and low-density deflections in the 10-35 km depth interval and in simple character
of deep structures of the lower horizons of the crust.
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Figure 3 - Seismic gravity modelling along the Volgograd-Chelkar-Turgai profile
Models: a) density model, b) P-velocity model, c) structural-tectonic model (data by Abdulin A.A.,
Pilifossov V.M., Votsalevsky E.S., 1996).

Conclusions. The seismogravitational modelling allowed obtaining the density and velocity models on
regional seismic profiles of the North Caspian region. The character of the velocity section and differentiation
of density properties convey an idea on correlation of the Earth crust layers, possibility to conduct typification
of the Earth crust blocks on the basis of its layers’ correlation and to carry out zoning of the territory by types
of the Earth crust. Figure showing the velocity isolines across sections confidently identifies large thrusts,
structural heterogeneities of intense basification, sialic blocks embedded into the lower horizons of the crust,
sharp increase in thickness of the crust, tops of mantle decompressed magmatic bodies (asthenoliths), etc.
Gravity models of deep structures and density distribution in the Earth crust are utilised to identify structural
features of individual horizons, vertical and sub-vertical boundaries of deep blocks, and to predict the material
composition of deep structures, their formation and tectonic evolution.
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COJITYCTIK KACIIU MAHBI OMITATBIHBIH )KEP KbIPTBICBIHJIAFBI TEPEH
KAPBUIBIMIAAPABI 3BEPTTEY KE3IHAEI'I TEO®U3UKAJIBIK MOJIMETTEPIAI
KEIHIEHAI UHTEPIIPETALUSAJIAY 9AICTEMECI

AnHoTauus. JKaHa KOMITBIOTEPIIK TEXHOJOTHSJIAPABI KCHIHEH MalgajgaHa OTBIPBIT Typa JKOHE Kepi
TarchIpMalapabl MIENTy >KOJNIaphl HET131HAe HAKTHI TPABUMETPHUSIIBIK MOIIMETTEPAl TY3E€TY, KUMaJapIblH
TBIFBI3IIBIKTAPBIH €CEIITEY, TIPEKTI CEHCMHUKAIBIK KUMaTapAbl KOJNJIaHy apKbUIBl MYHAMIBI ra3ael Kacrmmii
MaHbl ONMATBIHAAFBI TEPEH JKeP KBIPTHICTAPBIH 3epTTeyAe Teo(DH3UKAIBIK MNIMETTepAl KemleHl
uHTepnperanusiay. JKekelneHreH aWMakTelk Kumamap OoiprHma ['C3 sxome MOB-I'C3 omictepiMen
pedparMaiblK TOJNKBbIHAAPABI rofgorpadTapMeH OakbUIayllap MEH jKaHaMa OpTa JKOHE Killli MacIuTa0ThI
KapTajap TYpiHAETi TpaBuOapiay MarepHaIaphl TEpPeH >KAPBUIBIMIBI T'COJOTHSIBIK-TCO(PU3NKAIBIK
KUMamapblH Heri3i Oombin TaObutafpl. THIFBIBIBIK KOHE JKBULIAMIBIK KYPBUTBIMIAPBIHBIH (DH3UKAIBIK
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MOJIEJIH KYPY — aca THIMJIi OOJBIT TaOBLIA I, IEMEK BEPTHKAI MEH JlaTepall OOWBIHIIIA XKOFAPFBI MAHTHS MCH
JKep KbIPTHICBIHBIH OipTYTac eMec eKeHJIr1 Typaibl MJIIMeT anyFa Oonaabl. HakTel 3epTTey Marepuangapsl
MEH TEeOJIOTHSUIBIK MOIIMETTEep/IiH OOJybIHAH KEp KBIPTHICHIHBIH YKOFAapFbl TOPU30HTApPhl Typasibl HAKTHI
KYPBUIBIMIAP aHBIKTAIBI. AyMaKTBhIK CEHCMHUKAIBIK KUMAaJIap apKbUIbI JIbIHFAH KYPBUIBIMIBIK-KbUTIaMIBIK
kumanapel Ooitpraa ContycTik Kacrmii MaHBI OWITATBIHIAFBI JTUTOC(EpaTbIK KaOBIKTBIH OipTyTac emec
KYPBUTBIMBIH aHBIKTAJIBL. Tepic jkoHe oH Oenrinepi 0ap *KbUIIaMABIK aHOMAHSIIAP OPTYPIIi 3aTTHIK KypaMbl
MEH KYPBUIBIMBI 0ap MaHTHSHBIH O€TKi KabaTbl MEH >Kep KBIPTBHICHIHBIH TOMEHI1 TOPHU30HT OJOKTapbIH
cunartaiapl. TepeH KypbUIbIMIapAbIH TPaBUTALUSIIBIK YIATUIEpiHIH KOMETIMEH Kep KbIPTHICBIHIAFBI Tapaly
TBHIFBI3IBIKTAPbl MCH JKEKEJICHTCH TOPU30HT KYPBUIBIMAAPHI aHBIKTAJI/bl, COHAANW-aK 3epTTey ayMarbIHbIH,
BEPTUKAJIBI, CYOBEPTHKAJIIBI TEPEH IIEKapaJIbIK OIOKTap/IbIH MeKapagapbl 6enriaeri. XKep KbIpTHICHIHBIH
TEKTOHHWKAIBIK JaMybl MEH JKe€p KBIPTHICHIHBIH Tay)KbIHBICTApbIHA CHIAT Oepinni. Y ChIHBUIFAH KeIIeHIl
CEHCMOTPaBUMETPUSIIBIK, MOIIIMETTEP/l HMHTEPIpETAIFsIay OHicTepi apKbUIBl KYPIAETi KYPBUIBIMIIBI
T€OJIOTHSITBIK OPTaHbIH JKbIIIAMIBIKTaPbl MEH THIFBI3BIKTAPhI TypaJIbl MOJTIMET aJIbIl, HAKTHI Te0(U3NKaIbIK
aKnaparrtap OOHbIHIIA KOpIIaFaH OPTaHbIH MOJICIIH KYpyFa Oosabl. AyMaKkThIH TEPEHIIK OOMbBIHINA albIHFaH
MOJISIIIH TaJIe030M/IaFbl MajJeore/iIMHAMUKAIIBIK KaliTa KaJbllKa KeJITIpy YIIIH THIMII Typje naijanaHyra
Oonaibl, OUTKEHI OCBI JJIICTEPMEH KEP KBhIPTHICHI MEH >KOFapFbl MAaHTHSIHBIH Ka3ipri aHa KYPbUTBIMIBIK
EPEKIICITIKTePiH aHbIKTal ajJaMbI3.

Tyiingi ce3mep: celicMUKaIbIK 3epTTEyiep, TPaBUMETPHS, KOJJIEHEH TOJKBIH IKbLUIIAM/IBIKTAPHI,
MOJICTIbICY, TePEH KYpbUIbIMIap, Kacnuii MaHbl OMnaThl, ailMarbl.
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METOJIUKA KOMILUIEKCHOH UHTEPITPETAIIMUA TEO®U3NYECKHUX
JTAHHBIX ITPU U3YYEHUHU ITTYBOKHUX TOPU30HTOB 3EMHOM KOPBI
CEBEPO-KACIIMMCKOI'O PETHUOHA

AnHorauus. KomruiekcHass wuHTepnpeTauusi Teo(QU3NYECKHX [IAaHHBIX NP H3YYEHUH [IIYyOOKHX
TOPU30HTOB 3eMHOM Kophbl [Iprkacnmiickoro He)Tera3oHOCHOTO pailoHa OCyIIeCTBICHA HA OCHOBE aHAIIN3a
BOJIHOBBIX IIOJIEM PErMOHAIBHBIX CEMCMMUYECKUX pa3pe30B II0 ONOPHBIM IeOoTpaBepcaM U pPe3yibraraM
WHTEPIPEeTAlMy TPABUTAIIMOHHBIX AHOMATUN METOJaMH peIIeHHs TPSIMBIX W OOpaTHBIX 3a7ad C
[IPUMEHEHUEM CIIELUAIU3UPOBAHHBIX I€OMH(POPMALIMOHHBIX chcTeM. DaKkTHUECKOll OCHOBOI HOCTPOCHHUS
DIyOMHHBIX TEO0J0T0-reo(pU3NYecKUX pa3pe3oB SIBUIMCH MaTepualibl I'PaBUpa3BEIKd B BHIE CBOIHBIX
cpeznHe- U MeJKoMacIITaOHBIX KapT W HaOroAeHHbIe rogorpadsl pedparupoBannbix BoaH MetoqoB 'C3 u
MOB-I'C3 no otzaenbHBIM pernoHaibHbIM npoduinsM. [locTpoenune puznuecknx Mojeneil — MIOTHOCTHON
U CTPYKTYPHO-CKOPOCTHOHM — OKa3anoch BechbMa 3()D()EKTUBHBIM W TO3BOJHIIO BBISIBUTH HEOJHOPOAHOCTH
CTPOEHUS 36MHOM KOPBI U BEPXHEI MaHTUU IO BEPTHKAIN U jJarepanu. Hanbonee 10cToBEpHBI IOCTPOCHUS
IU151 BEPXHUX FOPU30HTOB 36MHOI KOPbI, HOCKOJIBKY OHH 00€CIeUeHbI OOJIBIINM KOJIHMYECTBOM (PaKTUIECKOTO
MaTepuaia, B TOM 4YHCIE€ M TeoJorudeckoro. CTpyKTypHO-CKOPOCTHBIE pa3pe3bl IO pPErHOHaJIbHBIM
celiCMUYECKUM MpOQUIsAM, TO3BOJIWIM YCTaHOBUTh HEOAHOpPOAHOE cTpoeHue mutocdepsl Cesepo-
Kacnuiickoro pernona. AHOManuu CKOPOCTEH OTPULIATEIFHOTO U MOJIOKUTEBHOTO 3HAKOB XapaKTepU3yoT
OJIOKM HIKHUX TOPU30HTOB 3€MHOM KOPBI M BEPXHEH MaHTUH Pa3HOTO BEIIECTBEHHOTO COCTaBa U CTPOCHHSI.
C noMoIIbI0 IPaBUTALIMOHHBIX MOZIENIEN ITyOUHHBIX CTPYKTYP M PAaCIpPENeIeHus INIOTHOCTEH B 3eMHOM KOpe
BBISIBJICHbI BEPTHKAJIbHBIC 1 CyOBEPTHUKAIbHBIE IPAHUIIBI IyOMHHBIX OJOKOB, 1aH IPOTHO3 BEIIECTBEHHOTO
cocTaBa IIyOMHHBIX CTPYKTYp, ONpeNeNeHbl 0COOCHHOCTH MX 00pa30BaHMS M TEKTOHHMYECKOTO Pa3BUTHS.
[IpennoxeHHass METOAMKA KOMIUIEKCHOM HMHTEPIPETALMM CEHCMOIPABUMETPUYECKHUX JAaHHBIX I03BOJIIET
B YCJOBHUSIX CJIa00H M3yYEHHOCTH TEPPHUTOPHI, HEMOTHOTHI reo(u3nueckol MH(OpMaluu 00ecreynTh
[IOCTPOCHUE JIOCTOBEPHBIX IUIOTHOCTHBIX M CKOPOCTHBIX MOJENEH CIIOKHONOCTPOEHHBIX I€OJOTMYECKHUX
cpen. [lomy4yeHHbIe MOJIENIM TITYOMHHOTO CTPOCHHSI PErMOHa MOXKHO 3()(EKTHBHO HCIIONB30BATh KaK IS
pecTraBpanyy NaJeoreOIMHAMHUYECKUX OOCTAaHOBOK B IAJIE030€, TaK M JAJsl BBIABICHUS COBPEMEHHBIX
CTPYKTYPHBIX 0COOCHHOCTEN 36MHOM KOPBI M BEPXHEH MAHTHH.

KuroueBsble ci1oBa: ceficMu4ecKue HCCIIE0BaHNs, TPABUMETPHUS, CKOPOCTh ITPOIOJIBHBIX BOJIH, IIJIOTHOCTD,
MOZICIMpOBaHue, IIyOuHHOE cTpoeHue, [Ipukacnuiickuii pernoH.
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