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Stress-field evolution during the 26 November
2019 Durrés (Albania) earthquake sequence: co-
seismic, early post-seismic, and tectonic-region
inversions
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Abstract

We resolve the stress field associated with the 26 November 2019 Mw 6.3 Durrés
earthquake sequence through three windows: the co-seismic mainshock, the early post-
seismic phase (mainshock plus the 36 largest aftershocks recorded between 26 November
and 2 December 2019), and a regional tectonic subset of 27 moderate-magnitude events.
The co-seismic stress tensor is obtained by inverting the moment-tensor solutions
reported by the contributing agencies for the mainshock. In contrast, the regional and
immediate post-seismic stress fields are derived from previously published focal-
mechanism and moment-tensor solutions, both from the existing report and from the
continuously updated archive of mechanisms for the sequence, using the StressInverse
methodology and assuming both nodal planes where required. Regional inversions define
a persistent WSW—ENE compressional regime with a shallowly plunging o: axis and a
steeply plunging o3 axis. The early sequence preserves this compression orientation but
shifts to lower ¢ and p values (¢ = 0.546; p = 0.45), indicating transient coseismic
relaxation and short-lived stress redistribution following the mainshock. These changes
imply a temporary reduction in deviatoric stress and a more oblate post-seismic
configuration without rotation of the principal-stress axes. The TENSOR solution
confirms reverse-faulting kinematics for the mainshock, and the recovered o: azimuth
(=239-248°) is consistent with present-day Adria—Eurasia convergence and the mapped
thrust architecture of the Outer Albanides. Transient changes in ¢ and p are consistent
with short-lived coseismic relaxation and apparent weakening during rupture.

Keywords: Stress inversion; Focal mechanisms; Coseismic relaxation; Deviatoric stress;
Durrés earthquake sequence.

1 Study area and datasets

The Durrés—Tirana area lies in the western Albanian Periadriatic foreland, along the contact
where the Adria microplate underthrusts the Eurasian margin within the Albanides collision
zone [1, 2, 3]. In this region, reverse and oblique-reverse faulting is supported by the spatially
coherent pattern of focal mechanism and moment tensor solutions (Figs. 1-2). When viewed
together with detailed geological mapping [3, 4, 5] and published GPS-velocity fields [6,7,
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8, 9], these mechanisms delineate an active WSW-WSW-WSW-ENE-oriented shortening
belt characteristic of the outer Albanides [4-10]. This pattern agrees with regional
deformation studies across the Adriatic—-Aegean system and with the established
seismotectonic framework of Albania [11-13], and is consistent with independent focal-
mechanism compilations for Albania and neighboring regions [14—17].

The inputs used in this study consist exclusively of published focal-mechanism (FM) and
moment-tensor (MT) solutions provided by major monitoring and research institutions,
including the Institute of Geosciences, Polytechnic University of Tirana (IGEO); the National
Observatory of Athens (NOA); the Aristotle University of Thessaloniki (AUTH); the
National Institute of Geophysics and Volcanology (INGV); the United States Geological
Survey (USGS); the German Research Centre for Geosciences (GFZ); and the Global
Centroid Moment Tensor project (GCMT). For the mainshock and the very-early aftershock
activity, MT information is taken from NOA solutions documented in the EMSC early-
sequence report [18].
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Fig. 1. (a)- Regional focal-mechanism map; (b) - cross sections D-D’, A-A’, B-B’, and C—
C’ of focal mechanisms; Durrés—Tirana study area (orange rectangle), (generated with
PyGMT [19] and GMT 6 [20]).
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Additional regional MT solutions were obtained from the published catalogues of the
agencies mentioned earlier. Time-domain MT solutions were taken from the NOA and
AUTH catalogue products, which rely on the ISOLA and GISOLA inversion workflows [21].
Regional focal-mechanism information for Albania and the surrounding areas was obtained
from published catalogues [14—17] and complemented by Albania-specific studies [22-23].
All FM and MT solutions were used exactly as published.

Two datasets were prepared for the stress inversion analysis. The regional dataset consists of
27 FM/MT solutions from the wider Durrés—Tirana area; for these events, two nodal-plane
selection schemes (dr_planA and dr planB) were applied to evaluate the impact of plane
choice on inversion stability. The sequence dataset includes the mainshock and the 36 largest
aftershocks recorded between 26 November and 2 December 2019, representing the very-
early post-seismic adjustment stage and enabling direct comparison with the long-term
regional reference. The sequence composition follows the event set documented in the EMSC
report [18].

Figure 1 illustrates the tectonic setting and spatial distribution of regional FM and MT
solutions together with four longitudinal cross-sections (D-D’, A—A’, B-B', C—C’) that depict
depth variability of the focal mechanism along the coastal belt. Figure 2 focuses on the Durrés
epicentral area and shows the focal mechanisms used for the co-seismic and early post-
seismic stress comparisons [11-14, 18].
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Fig. 2. Durrés area moment tensors: mainshock (red), aftershocks (blue; 26 Nov—2 Dec
2019), and regional mechanisms (black/grey); symbol size « Mw (generated with PyGMT
[19] and GMT 6 [20]).



EPJ Web of Conferences 365, 04003 (2026) https://doi.org/10.1051/epjconf/202636504003
BPUI2 Congress

2 Method

Co-seismic (mainshock) stress was estimated using the TENSOR methodology based on the
Right-Dihedron approach and rotational optimization [24]. The Right-Dihedron method
partitions the focal sphere into compressional and tensional dihedra and, for each trial stress
tensor, selects the nodal plane that best matches the observed first-motion polarities and rake.
This procedure reduces the ambiguity associated with the two possible fault planes of each
focal mechanism. The inversion searches for the orientation of the principal stresses and the
reduced-stress ratio phi by minimizing the summed slip-angle misfit for all events. The slip-
angle misfit is defined as:

yi = Arcos (di - i/ |t]) (1)

where d; is the unit slip (rake) vector from the observed focal mechanism of event i, 7; is the
shear traction acting on the selected fault plane, and i is the angular difference between the
observed and model-predicted slip direction.

Trial stress tensors are expressed using a principal-stress parameterization, in which the
Cauchy stress tensor ¢ is written as:

o =R - diag (o1, 62, 03) - RT(2)

where R is a rotation matrix defining the orientation of the principal stresses, and 61 > 62 >
o3 denote the maximum, intermediate, and minimum compressive stresses. The reduced-
stress ratio phi describes the relative position of 2 between 61 and o3 and is defined as:

o= ((52 - (53) / ((51 - 03) (3)

For any candidate fault plane with unit normal vector n, the stress acting on the plane is
obtained from standard Cauchy relations. The traction vector acting on the plane ist=oc - n;
the normal stress is 6, = n - t; and the shear traction is the component tangential to the plane,
T =t — o, n. These relations follow the Wallace—Bott formulation [25, 26], which assumes
that slip occurs in the direction of maximum shear traction. This provides the physical
connection between the stress tensor and the observed focal mechanisms.

Early post-seismic (mainshock + 36 events, 26 November—2 December 2019) and regional
(27 mechanisms; dr planA/dr planB) stress states were determined using the
pyStress/StressInverse algorithm following the formulations of Michael [27-30]. For each
trial stress tensor, both nodal planes of every focal mechanism are evaluated, and the plane
producing the smaller misfit y; (Eq. 1) is selected. The inversion jointly solves for the
orientations of 61, 62, 63, and the reduced-stress ratio ¢ (Eq. 3), ensuring internal compatibility
between the predicted shear tractions and the observed slip vectors.

To compare the tendency of faults to slip across the coseismic, early post-seismic, and
regional windows, a slip-tendency parameter was computed:

F=[t|~ o' (4)

where |1| is the magnitude of the shear traction, o', is the effective normal stress, and p is an
effective friction coefficient used here as a proxy parameter rather than a quantity fitted
during inversion. In this study, p captures the relative resistance to slip and is used to track
changes in fault stability between windows. The value inferred for the early post-seismic
window (p = 0.45) indicates a temporary coseismic reduction in effective friction, consistent
with transient weakening mechanisms, short-lived stress redistribution, and a more oblate
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post-seismic stress configuration without rotation of the principal-stress axes. Lower p
values, therefore, reflect relaxation and reduced deviatoric stress immediately following the
mainshock.

All focal-mechanism (FM) and moment-tensor (M T) inputs used in the inversions correspond
exactly to the published solutions obtained from the contributing institutions and catalogues
described in the data section. Time-domain MT solutions from NOA and AUTH [15-18],
computed using the ISOLA and GISOLA workflows [21], were incorporated directly as
published. No waveform re-inversions were performed.

Table 1. Data windows and sources used in the inversions.

Window Time span N events Primary sources Inversion
Co-seismic | 26 Nov 2019 1 NOA/IGEO, INGV, TENSOR

(mainshock) USGS, GFZ, GCMT,

AUTH

Early post- | 26 Nov—2 Dec | 37 (incl. NOA/IGEO sequence StressInverse
seismic 2019 mainshock) | MTs
Tectonic- 1964—present 27 Regional catalogs (e.g., | StressInverse
region (subset) Ormeni et al., 2022)
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Fig. 3. StressInverse outputs for tectonic-region (dr_planA, dr_planB) and early post-seismic
sequence: c-axis clusters, P/T stereograms, Mohr diagrams, ¢ histograms.
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Fig. 4. TENSOR mainshock solution using Right Dihedron and rotational optimization (co-
seismic stress tensor and associated dihedron panel).

3 Results and discussion

Regional inversions converge on a WSW—-ENE—directed compressional regime characterized
by shallow-plunging o1 (dr_planA: 246.9/8.1°, dr_planB: 248.0/6.9°) and steep o3 (dr_planA:
14.0/76.7°, dr_planB: 16.8/77.4°). These solutions are associated with elevated ¢ and p
values (0.75/0.70; 0.95/0.93), consistent with an active reverse-faulting stress field. The early
post-seismic inversion yields 61 =239.5/12.5°, 62 =149.3/0.5°, 65 = 57.2/77.5°, together with
¢ = 0.546 and p = 0.45. The co-seismic analysis confirms a pure reverse-faulting regime
broadly aligned with the regional shortening field. The persistence of the 61 azimuth and its
shallow plunge across all windows agrees with the long-term deformation patterns mapped
in the broader Adriatic—Aegean system [1-5], and is consistent with stress-field signatures
reported in the post-event geodetic and seismotectonic analyses of the Durrés earthquake
[31].

The azimuthal stability of o1 across regional, co-seismic, and early post-seismic windows
also matches the GPS-inferred convergence direction between Adria and Eurasia [6-9], and
is compatible with the mapped thrust geometries of the Outer Albanides [10-14]. These
consistencies indicate that the 2019 sequence was governed by the same compressional stress
field active at the scale of the western Balkan foreland.

A key feature of the early post-seismic solution is the significant reduction in ¢ and p relative
to the regional and co-seismic states. The decrease in p (= 0.45) reflects a temporary decrease
in shear resistance and a more oblate stress ellipsoid, suggestive of transient fault-zone
weakening shortly after the mainshock. This pattern is consistent with friction-reducing
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processes and co-seismic stress relaxation predicted by constitutive friction models [33], as
well as with the short-term adjustments observed in structural and kinematic studies of the
2019 Durrés seismogenic system.

Our findings also align with stress-inversion studies based on focal mechanisms for the same
sequence. Teloni et al. (2021) [34] documented a reverse-faulting stress regime with c1 =
241°/15° and 03~ 025°/72°, using Win-Tensor and rotational optimization, obtaining a stress-
ratio estimate of R = 0.5 and a World Stress Map (WSM) quality ranking of B as classified
in Heidbach et al. (2016) [35]. Their results, based on an expanded 2019-2020 dataset, show
the same WSW-ENE maximum-compression direction and near-vertical minimum-stress
axis as the present study.

The early post-seismic solution (¢ ~ 0.546, p =~ 0.45) in our analysis similarly indicates a
more oblate stress configuration and a marked reduction in differential stress without rotation
of the principal axes, capturing the short-term mechanical response of the crust immediately
after the mainshock. This behavior is consistent with step-wise co-seismic stress-relaxation
patterns documented in other compressional foreland settings [6], and with the iterative
stress—fault orientation solutions of Vavrycuk (2014) [30], which show that early aftershock
sequences often reflect transient weakening conditions rather than a permanent rotation of
the stress tensor.

A compact numerical comparison of the stress orientations, ¢ and p ratios, and their temporal
evolution for the three inversion windows (regional, co-seismic, early post-seismic) is
summarized in Table 2, providing a concise cross-window synthesis that highlights the
stability of stress orientations and the transient reduction in stress anisotropy during the early
sequence.

Table 2. Comparative stress parameters (azimuth/plunge in degrees).

Dataset / Stage N ol (Az/Pl) | 63 (Az/P)) 0] 1]
Tectonic-region: dr planA | 27 | 246.9/8.1 14.0/76.7 | 0.75 | 0.95
Tectonic-region: dr_planB 27 1248.0/69 |16.8/77.410.70 ] 0.93
Co-seismic mainshock 1 245 /32* 52/57* — —
Early post-seismic sequence | 371 | 239.5/12.5 | 57.2/77.5 | 0.546 | 0.45
* Converted from plunge/azimuth in the TENSOR panel; R = 0.23. # N includes the
mainshock

4 Conclusions

The stress inversions for the regional, coseismic, and very-early post-seismic windows
consistently define a compressional reverse-faulting regime along the Durrés—Tirana
segment of the Adria—Albanides collision zone. The regional solutions indicate a stable
WSW-ENE-directed 61 with shallow plunge (dr_planA: 246.9/8.1°, dr_planB: 248.0/6.9°)
and a near-vertical o3 (dr_planA: 14.0/76.7°, dr_planB: 16.8/77.4°), accompanied by elevated
¢ and p values (0.75/0.70; 0.95/0.93). The mainshock is fully compatible with this ambient
configuration.

The early post-seismic stress tensor (o1 = 239.5/12.5°, o2 = 149.3/0.5°, 65 = 57.2/77.5°)
preserves the principal-stress orientations but shows reduced ¢ = 0.546 and p = 0.45,
reflecting a transient decrease in differential stress and a more oblate stress state immediately
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after the mainshock. These changes represent short-lived coseismic relaxation without any
rotation of the long-term regional stress field.

Overall, the Mw 6.4 Durrés earthquake sequence occurred within a persistent compressional
regime, while the early aftershocks capture the immediate mechanical adjustment of the crust.
This two-window comparison provides a robust and quantitative framework for
characterizing stress evolution in compressional forelands of the Adria—Albanides system.
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