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Abstract

The “NARYN” geoelectric model, which runs along the 76° E meridian through the Central Tien Shan from the
Kazakh Shield to the Tarim Platform, is one of the longest cross-sections in continental Asia. This paper provides
a historical overview of geoelectric models based on magnetotelluric (MT) soundings from 1999-2000 and 2005.
Two inversion models constructed from these data using different algorithms are presented: the discrete-smoothed
NARYN-RLM model and the piecewise continuous NARYN-INV2D model. A local earthquake catalog for 1980—
2022 is considered. Hypocenter distributions from four regional and global seismic catalogs are superimposed
on a reference cross-section to re-examine the previously identified relationship between crustal conductivity and
earthquake depth distribution. It is noted that weak seismicity is mainly concentrated above the upper boundary of
the middle and lower crustal conductor, while the strongest events are grouped in resistive, consolidated blocks of
the earth’s crust or at their contacts with conductive zones.
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Introduction

Intracontinental orogens such the Tien Shanis under our consideration. Situated more than 1500 km
north of the Himalayan front, it has nevertheless absorbed a substantial fraction of India—Eurasia
convergence since the Cenozoic reactivation of its Paleozoic Caledonian—Hercynian basement [1].
Deep electromagnetic sounding, sensitive to fluids, partial melt, graphite and other conductive phases
that mark crustal weaknesses invisible to seismic velocity alone, has therefore been used for three
decades to image the lithosphere beneath the Kyrgyz and Central Tien Shan and to relate its structure
to present-day deformation and seismic hazard. Magnetotelluric (MT) and magnetovariational (MV)
sounding, measured to recover the electrical resistivity structure of the crust and upper mantle.

The “NARYN” profile, running along the 76° E meridian for roughly 500 km across the
Central Tien Shan from the Kazakh Shield to the Tarim platform, is one of the longest-running
deep magnetotelluric cross-section in intracontinental Asia (Figure 1). Instrumental control on this
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seismicity is provided by several overlapping catalogues: KNET, operated jointly by the Research
Station of the Russian Academy of Sciences in Bishkek (RS RAS) and the Institute of Seismology
of the National Academy of Sciences of the Kyrgyz Republic (NAS KR); KRNET, operated by the
Institute of Seismology, NAS KR; CAIAG, compiled by the Central Asian Institute for Applied
Geosciences in Bishkek; and the global National Earthquake Information Center (NEIC) catalogue
of the United States Geological Survey (USGS). Each of these has a different completeness threshold,
spatial coverage and operating interval.
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Figure 1 — Location map of magnetotelluric sounding points along the “NARYN” profile (76°E) 1 —
earthquakes epicenters: a — strong (K>10), b — small- and moderate-size earthquakes (6<K<10);
2 — MT sounding sites; 3 — major faults: NTS — Northern Tien Shan, CT — Central Terskey, NL — Nikolaev
Line, Al — Atbashi-Inylchek, GK — Hissar-Kokshaal; 4 — state border of Kyrgyzstan. The time span is
selected between 2000 and 2025 for the present study, from local and global catalogues.

Materials and methods

RS RAS in 2005, carried out 23 wideband (0.003—1448 s) paired-synchronous MT soundings
using Phoenix MTU-5 stations. This survey effectively quadrupled the spatial density of long-period
control across the “NARYN” depression relative to the 1999-2000 LIMS coverage alone [2]. The
“NARYN” geoelectric cross-section is the product of field MT and MV investigations, which were
interpreted as different geoelectric models, because of the step-change in resolution of the new
updated inversion algorithms.

The geoelectric model is built upon inversion algorithm applied with MT data of the “NARYN”
profile line, from 42 points (1990s), and additional 19 long-period and 23 broadband infill points
(from 1999-2005 records). It is this accumulated and interpreted separately upon new techniques,
which are renovated though decades.

The first-generation model: NARYN-RLM

The earliest two-dimensional geoelectric cross-section spanning the Kyrgyz Tien Shan segment
of the transect was obtained by Bielinski et al. [2], within a discrete, smoothed-structure inversion
scheme (the NARYN-RLM model). This model provided the first regional image of lithospheric
heterogeneity beneath the Kyrgyz Tien Shan, identifying deep conductive zones associated with
major fault systems and a candidate asthenospheric conductor, and established the broad architecture
that was subsequently refined by the sequential-inversion approach described below.

The second-generation model: NARYN-INV2D
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The current reference cross-section NARYN-INV2D (Figure 2) was built using the piecewise-
continuous (block) inversion code INV2D, developed in [3—5], which implements a sequence of
partial inversions treating different field characteristics in turn, beginning with geomagnetic transfer
functions and proceeding, with stepwise fixing of well-resolved conductivity blocks, through phase
and full-impedance data, followed by a robust cell-by-cell averaging of the resulting ensemble
of partial-inversion models. Various aspects of the construction of the NARYN-INV2D model,
and of its subsequent geological-geophysical interpretation, have been described in a series of
publications [4, 5]. Later on this model was recalculated in [6] (Figure 3).

The two models agree on the overall crust architecture, a fragmentary shallow (8—10 km) upper-
crustal conductor, a steep conductive zone rooted beneath the Naryn depression, a lower-crustal
conductive layer and a candidate asthenospheric conductor, which lends confidence to the persistence
of these features across independent inversion strategies and partly independent datasets. However,
NARYN-INV2D achieves markedly higher along-profile resolution.
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Figure 2 — The NARYN-INV2D geoelectric cross-section
of the Central Tien Shan, obtained by robust averaging
of a set of minimally regularised inversions
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Figure 3 — The NARYN geoelectric cross-section
of the Central Tien Shan after Rybin and Kostyuk [6]
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Results

The area studied straddles the South Tien Shan and North Tien Shan seismoactive zones®. Analysis
of seismicity along the “NARYN” geoelectric model and its comparison with the seismicity were
published before [7, 8] and proved some relationship. Here we use the regional catalogues (KNET,
KRNET, CAIAG) for 19802022 restricted to the square 39°—44° N, 75°-77° E (Figures 4, 5).
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Figure 4 — Depth distribution of earthquake hypocenters with energy class K > 6 for 1980-2022,
from the KNET, KRNET and CAIAG catalogues, in a 76+1° E corridor across latitude
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Figure 5 — Depth distribution of earthquake hypocenters with energy class K > 6 for 1980-2022,
from the KNET (left) and KRNET (right) seismic networks

As part of the present study, a dedicated compilation of local earthquakes not present in the NEIC/
USGS or other global catalogues was undertaken for the area 39°—44°N, 76+£2°E, and combined with
the global NEIC catalogue for 2025 and with fresh KNET/KRNET data for 20242025 (Figure 6).
A depth-versus-latitude projection of hypocentres along the 76+1° E corridor for 2024-2025 (Figure
4) shows the same first-order pattern already known from the 1980-2022 window (Figure 5): near-
continuous shallow (0-20 km) seismicity punctuated by discrete clusters of stronger events (K >
10) tied to the Hissar—Kokshaal, Atbashi—Inylchek, Nikolaev Line and Central Terskey faults. The
corresponding epicenter map (Figure 1) confirms that this clustering is not an artefact of a single
network: KNET, KRNET and NEIC epicenters for 2024—2025 are co-located along the same fault-
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bounded corridors identified in the earlier, longer-duration catalogues. The newly compiled 2024—
2025 data reproduce the same association (Figure 6): strong events (K > 10, red stars) cluster tightly
around the Atbashi—Inylchek and Central Terskey faults, while the background of weaker seismicity
(6 <K <10, yellow symbols) is more broadly and continuously distributed across the corridor.
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Figure 6 — Depth distribution of earthquake hypocenters along the 76+1°E meridian for
2024-2025 (updated local plus KNET/KRNET/NEIC compilation). Yellow symbols, 6 <K < 10;
red stars, K > 10. Arrows mark the Hissar—Kokshaal (GK), Atbashi—Inylchek (AI),
Nikolaev Line (NL) and Central Terskey (CT) faults

Superimposing the distribution of ‘strong’ hypocentres (energy class K > 10) for 1980-2022 on
the NARYN-INV2D section shows that the great majority of these events lie within high-resistivity,
consolidated crustal blocks, or at the contacts between such blocks and the conductive zones. These
contact zones, rather than the conductive zones themselves, are therefore interpreted as the segments
of elevated seismic hazard in the vicinity of the geoelectric cross-section.

Taken together, three largely independent seismicity datasets spanning nearly six decades, the
1967-1999 completeness analysis, the 1980-2022 regional KNET/KRNET/CAIAG catalogues, and
the newly compiled 2024-2025 data, converge on the same first-order conclusion. This convergence
is regarded as the principal improvement offered by the present cross-section update: it establishes
that the coupling between crustal conductivity structure and the depth and location of seismicity
along the «NARYN» transect is a persistent, structurally controlled feature of the Central Tien Shan
lithosphere, rather than an artefact of any one observational network, catalogue or epoch.

Discussion

The difference between inversion results for geoelectric cross-sections could be consequently
explained. The magnetotelluric (MT) impedance tensor, formally the linear operator relating the
horizontal electric and magnetic field spectra at the Earth’s surface, is in practice never a single,
unambiguously determined quantity: it is a statistical estimate whose value depends on the processing
algorithm, the observation scheme, the time of acquisition and, in a deeper sense, on the mathematical
class to which the underlying transfer function belongs. Varentsov [4, 5] frames this directly as a
question of resolving power, arguing that the ability of natural-field electromagnetic methods to
specifically resolve target features of the subsurface is fundamentally bounded by how reliably
the transfer function itself can be recovered from noisy, finite-length records, rather than by the
modelling or inversion algorithm alone. Zarochentsev [9], analysing the scatter of magnetotelluric
errors as a function of time of day using the statistically processed MT data on the Baltic Shield,
demonstrates that this variability is systematically modulated by diurnal changes in the natural source
field and in cultural/industrial noise. Even when such statistical instabilities are controlled, a second,
more fundamental layer of non-uniqueness remains: Zorin, Aleksanova, Yakovlev and Shimizu [10]
prove that a given observed amplitude spectrum of the impedance is compatible in principle with
infinitely many causal transfer functions differing in the location of their zeros in the lower half of the
complex frequency plane, and that only one of them is minimum-phase; the presence of additional,
non-minimum-phase zeros — caused by three-dimensional structures, anisotropy or coastal galvanic
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distortion — produces systematic violations of the dispersion (Kramers—Kronig/Hilbert) relations that
are, without a dedicated causality check, indistinguishable from ordinary noise-induced bias. Taken
together, these studies show that non-uniqueness enters the magnetotelluric impedance at several
nested levels — statistical (estimator choice and violated error assumptions, Egbert and Booker [11]),
temporal (diurnal and acquisition-scheme dependence [5, 9], directional (strike- and rotation-
dependence [12, 13], theoretical (causal/minimum-phase indeterminacy [10] and mathematical
(incorrect multidimensional inverse problem [14, 15]. None of these levels can be fully removed by
a single processing step. Because two- and three-dimensional inversion algorithms treat the input
apparent-resistivity and phase curves as if they were an unambiguous physical observation, any
residual non-uniqueness that is not explicitly resolved before inversion does not vanish.

Conclusions

The updated seismicity, confirms and reinforces, using an essentially independent dataset, the
previously reported relationship between the top of the crustal conductor and the depth ceiling of
weak seismicity, and between the strongest (K > 10) events and resistive crustal blocks or their
contacts with conductive zones. These contact zones are identified as priority targets for seismic-
hazard assessment along “NARYN” profile and, by extension, along comparable segments of the
Central Tien Shan.

Three decades of progressively changing tools of digital inversion applied on magnetotelluric
and magnetovariational observation along "NARYN” geoelectric cross-section could provide
more sharpener successive geoelectric cross-sections examined in this paper. The new iterations of
geoelectric inversion could be attempt in new invented algorithms such as Inversio [16] or machine
learning [17].
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HAPBIH TPOP®UJIHIH 'EOQJEKTPJIIK MOAEJBAEPIHIH
IBOJIOINUACHI /KOHE TAPUXU TY¥PBICTAYFbI )KEP
CUIKIHICTEPIHIH TAPAJTYBIMEH CAJIBICTBIPY

Angarna
NARYN reoanexrpinik mogeni Opransik Tsaub-111ans apkpiist 76° E mepuauans! 6oiibiveH Ka3ak KaikaHbIHAH
Tapum mardopmackiHa ICHiH CO3BUIBIIN, KYPIBIKTHIK A3USIarel €H Y3bIH KOJIJICHEH KHUMalapablH Oipi caHaIabl.
Byn makamama 1999-2000 »xome 2005 >kpmimapmarbl MarHUTOTEILTYpnslK (MT) 3omaTaymapra Heri3menreH
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TE03JICKTPIIIK MOJIENB/IEPre TapUXH IIONY KacajlfaH. OPTYpIi alropuTMIEPIi KOJIaHa OTBHIPBII, OChI AEPEKTEP
HeTi3iH/le KYpbUIFaH €Ki MHBEPCHSUIBIK MOJIENb YChIHbUTFaH: quckperTi TericteiareH NARYN-RLM mozeni xone
6euikTik y3aikci3 NARYN-INV2D moneni. 1980-2022 >ok. apHaIFaH >KeprijiKTi skep CUIKIHICTEPIHIH KaTaJoTbl
KapacThIpbIIaabl. JKep KbIPTHICHIHBIH OTKI3TIIITIT MEH JKep CUTKIHICTEepi TepEHIITIHIH Tapalybl apachIHAAFbl OYPHIH
aHBIKTaJIFaH OailIaHBICTHI KaliTa Kapay YIUIiH TOpT alMaKThIK KoHe jkahaHIBIK CelCMUKaIBIK KaTaJlOrTaH ajlbIHFaH
TUTIOLIEHTPIIIK Tapatysiap dTaJOH/IBIK KOJIJCHEH KUMara Ka0aTTacThIPhUIFaH. OJICI3 CEHCMUKATBIKTHIK HET131HEH JKep
KBIPTHICBIHBIH OPTaHFbI JKOHE TOMEHT1 OTKI3TIIIIHIH XXOFApFbI IEKapachIHAaH JKOFaphbl HIOFbIPIAHFaHbl, ajl €H KYIITI
OKMFajlap Kep KbIPTBICHIHBIH KEAEprisi, IIOFbIpJIaHFaH OJIOKTapblHIa HEMece OJapblH OTKI3Till aiiMakTapMeH
JKaHACYBIH/IA TONTACTHIPBIIFAHbI aTall OTIJTeH.
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3BOJIIOIUA TEOJIEKTPUUYECKHUX MOJIEJEM PO ® WIS NARYN
N CPABHEHHUE C PACIIPEJAEJIEHUEM 3EMJIETPACEHUA
B HCTOPUYECKOHU IEPCIIEKTHUBE

AHHOTAIUA

I'eoanexrpuueckass mogens NARYN, npoxonsinas Broiab Mepuauana 76° B.a. depe3 LlenTpanbHbiil TsHb-
lanp or Kazaxckoro mmra g0 TapuMcKoil miaTdopmbl, SBISETCS OMHUM M3 CaMBIX MPOTSHKEHHBIX CEYCHUH BO
BHYTPUKOHTHHEHTAIBHON A3nu. B naHHOW cTarhe JaH MCTOPHUYECKUH 0030p TE€OEKTPHUUECKUX MOJENeH 110
nJaHHBIM MarHuToTeuTypudeckux (MT) sonanpoBanmii 1999-2000 rr. u 2005 1. [Toka3aHbl 1Be MOCTPOCHHBIE HA
OCHOBE ATHX JIaHHBIX C IIOMOIIBIO Pa3HBIX aJTOPUTMOB HHBEPCUH: TUCKPETHO-cITakeHHOH Mozenn NARYN-RLM
u KycouHo-HenpeprlBHOM Monenn NARYN-INV2D. PaccmarpuBaeTcst JOKadbHBIN KaTajor 3eMIICTPSACCHHN 3a
19802022 rr. PacnipenesieHnst THIOLEHTPOB U3 YETHIPEX PErMOHANBHBIX M [IO0AIBHBIX CEHCMHYECKHX KaTalloroB
HAJO)KEHBbl Ha JTaJOHHBIN MONEpPEeuHBId pa3pe3 Ul MOBTOPHOM MPOBEPKU pPAHEE BBIIBICHHON B3aMMOCBSI3H
MEXIy MPOBOIMMOCTBIO 36MHOM KOPBI M paclpeaeieHueM 3eMieTpsiceHnii o nryoune. OTMeuaercs, 9To cnabdas
CEHCMHYHOCTD B OCHOBHOM COCPEIOTOUYEHA HaJl BEPXHEN IPaHUIIEH CpeiHe- U HIKHEKOPOBOTO IMPOBOIHNKA, TOTIA
KaK CaMble CUJIbHBIE COOBITUS TPYNITUPYIOTCSA B PE3UCTUBHBIX, KOHCOJIMIMPOBAHHBIX OJIOKaX 36MHOI KOPBI MIIM Ha
MX KOHTaKTaX C MPOBOSAIIUMH 30HAMH.

KiaroueBbie ciioBa: THHB-H_[aHI), FGOSHGKTPI/I‘IGCKI/Iﬁ pa3pe3, MarHuTOTCJIYpUICCKOC 30HANPOBAHUC, ceiic-
MHYHOCTD.
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