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Abstract

Distributed acoustic sensing (DAS) has garnered growing attention for microseismic
monitoring in hydraulic fracturing (HF) operations within unconventional oil and gas
development. Conventional DAS sensors acquire single-component measurements
along the optical fiber, which may introduce uncertainties in microseismic focal
mechanism inversion—a critical step for HF performance assessment and reservoir
stimulation optimization.Thisstudyevaluates the performance of double-couple (DC),
general dislocation (GD), and moment tensor (MT) source models for microseismic
focal mechanism inversion using downhole DAS data. We systematically investigated
the effects of DAS array orientation, input focal mechanism, noise level, velocity
uncertainty, and source location error on the inversion results. Our findings indicate
that DAS-based focal mechanism inversion was strongly controlled by the horizontal
source-receiver azimuthal coverage. For a horizontal-vertical DAS acquisition
geometry, MT inversion exhibited sensitivity to dip-slip input mechanisms, 5%
velocity errors, 10 m source location errors, and 40% noise levels, whereas DC and
GD inversions remained comparatively robust. Given that HF-induced microseismic
events may involve non-DC components, the GD model-based inversion represents
a reliable approach for obtaining stable focal mechanisms in horizontal-vertical DAS
monitoring configurations, thereby advancing the application of DAS technology in
microseismic monitoring studies.

Keywords: Distributed acoustic sensing monitoring; Focal mechanism inversion; Double-
couple model; Moment tensor model; General dislocation model

1. Introduction

In unconventional oil and gas development, hydraulic fracturing (HF) and microseismic
monitoring are two key technologies for characterizing reservoir response and enhancing
the efficiency of subsurface operations.” By injecting high-pressure fluids into target
formations, HF creates and propagates fracture networks, thereby substantially improving
reservoir permeability and enabling economic resource recovery.* The injection-induced
rock failure during HF operations naturally generates microseismic events (typically
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with magnitudes M < —3). Microseismic focal mechanism
analysis plays a critical role in characterizing fracture
geometry, constraining in-situ stress states, and evaluating
HF stimulation effectiveness.””

In microseismic studies, focal mechanisms are
commonly represented using three primary source models:
the double-couple (DC), general dislocation (GD), and
moment tensor (MT) models.® The DC and GD models
are kinematic descriptions corresponding to pure shear
and shear-tensile (or shear-compressive) slip on a fault
plane, respectively, whereas the MT model characterizes
the source mechanism through an equivalent force
system.®® The DC model is inherently limited in its ability
to capture non-DC components that may arise during
HF stimulation, while MT inversion using data from a
single well remains particularly challenging.'®!* Previous
investigations have demonstrated that the GD model not
only accommodates non-DC mechanisms but also yields
relatively robust inversion results in downhole monitoring
configurations.”>** These studies highlight the importance
of selecting an appropriate source parameterization for
reliable microseismic focal mechanism inversion.

Conventionally, microseismic focal mechanisms
are determined using 1l-component or 3-component
geophones deployed at the surface or in the monitoring
wells. In recent years, distributed acoustic sensing (DAS)
has emerged as an increasingly important alternative to
conventional seismic geophones for HF microseismic
monitoring."*** DAS sensors leverage elastic Rayleigh
scattering in optical fibers and turn fibers into dense and
continuous detectors that can measure strain over defined
gauge lengths.?*** Compared to conventional geophones,
which are typically deployed at the surface or in adjacent
monitoring wells, DAS fibers can be installed directly
within HF treatment wells to acquire continuous, high-
quality measurements with superior spatial and temporal
resolution.”® The high spatiotemporal resolution and
favorable signal quality of DAS recordings enable detailed
characterization of microseismic wavefields and facilitate
improved assessment of HF stimulation effectiveness.™
Unlike geophone arrays, DAS sensors are sensitive to
uniaxial strain (or strain rate) along the fiber orientation,
yielding single-component (1C) measurements.”® Several
approaches have been proposed to mitigate this limitation,
including the adoption of multi-component helical optical
fibers,” the use of deviated or L-shaped array geometries,”
and the deployment of DAS fibers across multiple wells.'*!®

Considerable progress has also been made in applying
DAS to field microseismic monitoring. Lellouch et al.
compared the performance of a downhole DAS fiber-optic
array with conventional geophones and demonstrated

its advantages in field geothermal monitoring. Verdon et
al® evaluated an L-shaped downhole DAS array against
a surface array in field microseismic monitoring case
studies, finding that the surface array detected significantly
fewer events and yielded event locations with substantially
greater scatter compared to the DAS array. Baird et
al®* investigated the characteristics of DAS-recorded
microseismic data in anisotropic media. Luo et al.'®
assessed the feasibility of single-well dual-cable DAS for
geothermal microseismic monitoring, reporting that the
full MT can be resolved only at epicentral distances of 5 m
or less, while non-DC components can be reliably resolved
within an epicentral distance of 20 m. Wu et al.'® proposed a
Hessian-based microseismic source mechanism inversion
method and demonstrated its application to field HF DAS
microseismic data processing.

Despite these advances, previous studies have largely
focused either on comparing source models using
conventional geophone data or on evaluating DAS
acquisition and monitoring performance. A systematic
comparison of the DC, GD, and MT source models
specifically under DAS monitoring configurations,
together with a comprehensive assessment of their
inversion sensitivities, remains lacking. In particular, the
effects of the 1C nature and directional sensitivity of DAS
measurements on the relative performance of different
source parameterizations have not been fully quantified. To
address these gaps, this study presentsa detailed comparison
of the forward-modeling and inversion formulations of
the DC, GD, and MT models and conducts numerical
experiments to quantitatively evaluate their inversion
performance in HF DAS monitoring. Specifically, we
investigate the effects of DAS array orientation, input focal
mechanism type, noise level, velocity model uncertainty,
and source location error on inversion accuracy.

2. Methods
2.1. Forward modeling

The DC model® assumes a pure shear faulting focal
mechanism, whereas the GD model®** is composed of
both shear and tensile (or compressive) faulting. The MT
model interprets focal mechanisms with equivalent forces
and can represent all kinds of earthquakes.**-*

For the DC model, the source parameters are (M,;, «, 0,
0), where M, is the scalar seismic moment, and «, 6, and
o are the strike, dip, and rake (SDR) angles. The source
parameters of the GD model are (M «, 6, 0, &), in which
(M, x, 0, 0) are the same as those of the DC model, and « is
the slope angle’"*>—the angle between uand u . The slope
angle o ranges from —90° to 90°, negative for compressive
faulting and positive for tensile faulting. The DC model
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can be represented by the GD model in the case of a = 0°.

The MT model is represented by a seismic MT M, i.e.,
a 3 x 3 symmetric matrix with six independent parameters

(M11> M, M, ,M_, M, MB)33 (Equation 1):
M]l M12 M]3
M= M, M, M, (1)

M13 M23 M33

Following Tape and Tape,® the six parameters
describing M (M, i, j = 1, 2, 3) in Equation 1 can be
replaced by (M, , 0, g, y, §), in which M, is the scalar
seismic moment; , 0, and o are the SDR angles; y and § are
the longitude ( €[-30°,30°]) and latitude (& €[~90°,90°]
) on the eigenvalue lune that determine the MT pattern,
respectively. Then M can be expressed as Equation 2:*

M(M,.7,8,x,0,6)=~2M, -U(x,0,0)

4 (2)
A(7,6)-U(k.,6,0)

where the matrix U parametrizes the MT orientations with
the fault’s SDR angles (Equation 3):
U=7 _X,Z,-Y . (3)

in which X, Y,, and Z, are the rotation matrices through
angle & (§ can be any angle, e.g., 6, (-n)4, —«, or o) about
the x, y, and z coordinate axes, respectively (Equation 4):

1 0 0 cosé 0 siné
X,=[0 cos& —sing|,Y,=| 0 1 0 |,
0 siné cosé —sin& 0 cosé
4
cosé —siné 0 @
Z,=|sin§ cosg 0
0 0 1

Table 1 compares the DC, GD, and MT source models.
In this paper, we used the same forward modeling
method—the generalized reflection and transmission
coefficient matrix method*****°—to calculate the synthetic
Green’s functions and seismic waveforms for the DC, GD,
and MT models. All the parameters of the three source
models are transformed to MT parameters M, (i, j = 1,
2, 3) before inversion (transformations of DC and GD
parameters referring to the paper’®****! and those of MT
parameters referring to Equations 1-4°%%7).

2.2. Focal mechanism inversion

According to Section 2.1, the DC, GD, and MT models are
represented by (M, «, 0, 0), (M, «, 6, 0, «), and (M, ,
0, y, 9), respectively. The scalar seismic moment M only
corresponds to the absolute waveform amplitudes, and all

other parameters are angles, which have certain ranges (
K €[0°,360°], 0[0°,90°], o [~180°180°], & €[-90°,90°]
, 7€[-30°30°], and 6€[-90°,90°]). Therefore, the focal
mechanism parameters to be inverted can be separately
reduced to (%, 6, 0), (x, 6, 0, a), and (x, 6, g, y, J) for these
three models by using the misfit function under constraints
of waveform similarity, polarity consistency, and S/P
amplitude ratio between the observed and synthetic data."
The DC, GD, and MT inversions were then implemented
via a grid search algorithm to identify the optimal solution
that minimizes the misfit function. Conventionally, MT
inversion was performed using the generalized inverse
method.* In this study, however, the MT model was
parameterized by (M, x, 6, y, §), and its inversion was
implemented using the same grid search algorithm as
that adopted for the DC and GD models to eliminate
result discrepancies arising from the use of different
inversion algorithms. Figure 1 illustrates the workflow
of microseismic forward modeling and focal mechanism
inversion based on the DC, GD, and MT source models
employed in this study.

Table 1. Comparison of the double-couple (DC), general
dislocation (GD), and moment tensor (MT) source models

Source DC GD MT
models
Physical Fault’s shear ~ Fault’s shear-tensile/ Equivalent body
process slip compressive slip forces
Number of 4 5 6
parameters

(Mll’ MZZ’ M}})’
Source M_,M . M

12> 13> 23

parameters My x.0,0)  (Myx6,0,0) or (M,, , 6, 0,

7, 0)

Notes: M, denotes the scalar seismic moment, which is related to the
seismic magnitude; «, 0, and o are the fault’s strike, dip, and rake angles,
respectively. & denotes the slope angle;”* M, , M, , M, , M, M , M,
denote the six parameters of the seismic MT, respectively; y and ¢ are the
longitude and latitude on the eigenvalue lune that determine the source
pattern, respectively.***

3. Numerical tests and results
3.1. Setup of the tests

The DAS monitoring configuration adopted for the
numerical experiments in this study is illustrated in Figure
2A. Two orthogonal DAS arrays were deployed along the
vertical and horizontal directions, designated as DAS-A
and DAS-B, respectively. Each array comprises 10 sensor
stations with a uniform spacing of 30 m. A representative
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Figure 1. Workflow of microseismic forward modeling, focal mechanism inversion, and comparative analysis based on the DC, GD, and MT source
models for DAS monitoring

Abbreviations: DAS: Distributed acoustic sensing; DC: Double-couple; GD: General dislocation; GRTM: Generalized reflection and transmission
coefficient matrix; MT: Moment tensor.

Figure 2. Distributed acoustic sensing (DAS) monitoring geometry, example microseismic (MS) event location, and P- and S-wave velocity models for
the numerical experiments. (A) Blue and green dots represent DAS sensors deployed along the vertical and horizontal directions (DAS-A and DAS-B),
respectively. Each array comprises 10 sensors (DAS-A: No. 1-10; DAS-B: No. 11-20) with a spacing of 30 m. The red star indicates the location of the
example microseismic event. Focal mechanism beach balls illustrate the input strike-slip (SS) and dip-slip (DS) double-couple mechanisms, with (x, 6,
0) values of (0°, 90°, 0°) and (0°, 90°, 90°), respectively. (B) Well-log data Mlog (dotted lines) and velocity models M, (straight lines). V, and V, denote the
P- and S-wave velocities, respectively.
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microseismic event is positioned at coordinates (200 m,
150 m, 1,670 m), corresponding to the west—east (X),
south-north (Y), and vertical (Z) directions, respectively.
Figure 2B presents the field well-log data and the derived
P- and S-wave velocity models used in this study.

In field HF applications, strike-slip (SS) and dip-slip
(DS) focal mechanisms are frequently observed.'*#
Accordingly, two representative input focal mechanisms
were adopted for all numerical experiments: SS (x = 0, 6
=90, 0 = 0) and DS (x = 0, 6 = 90, 0 = 90). Additional
tests were also conducted using other mechanism types,
including normal and reverse faulting. Conventional DAS
fibers acquire 1C strain measurements along the fiber
orientation.'® Consequently, in our numerical simulations,
only the vertical Z-component waveforms were extracted
for DAS-A, and the west-east component waveforms were
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used for DAS-B, consistent with field DAS acquisition
characteristics.

Figure 3 presents the synthetic waveforms recorded by
DAS-A and DAS-B sensors for the SS source mechanism.
As shown in Figure 3, the direct P- and S-wave waveforms
across all 10 sensors in the DAS-A array exhibit similar
morphologies, with variations primarily in amplitude.
In contrast, the DAS-B array records waveforms that
differ substantially in both polarity and amplitude across
sensors. The inversion scheme employed in this study is
constrained by waveform similarity, first-motion polarity
consistency, and S/P amplitude ratio between observed
and synthetic data. The high waveform diversity observed
in the DAS-B array thus provides favorable constraints for
microseismic focal mechanism inversion.

For downhole DAS monitoring data, generally only
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Figure 3. Synthetic waveforms generated for the input strike-slip (A-B) and dip-slip (C-D) sources. (A, C) The waveforms recorded by the distributed

acoustic sensing (DAS)-A sensors. (B, D) Those recorded by the DAS-B sensors.
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the first-arrival P- and S-waves are available for inversion;
thus, only these two phase data are synthesized (Figure 3)
and used for numerical tests. During inversion, the grid
interval was set to 1°, and the search ranges for «, 6, 0, y,
and & were set as [0°, 360°], [0°, 90°], [-180°, 180°], [-90°,
90°], [-30°, 30°], and [-90°, 90°], respectively.

Commonly used DAS monitoring systems can be
mainly divided into horizontal, vertical, and horizontal-
vertical directions. In field cases, horizontal-vertical DAS
geometry is usually adopted to make full use of the drilling
well and obtain as much microseismic data as possible.
In most numerical tests, we used both DAS-A and
DAS-B (marked as DAS-A&B) to simulate microseismic
waveforms. However, tests with different DAS directions
(DAS-A, DAS-B, and DAS-A&B, Figure 2A) were also
performed.

In downhole DAS monitoring, the data quality is
usually extremely high due to the short source-receiver
distances. Therefore, in most numerical tests, the field
background records were scaled to 10% of the maximum
peak amplitudes of the synthetic waveforms and then
added to synthetic data as noise, corresponding to a noise
level of 10%. In addition, tests with different noise levels
are also performed.

Two parameters (ASDR and ADC®) were used to
evaluate the deviation between the input and output source
parameters. ASDR indicates the total absolute deviation in
the SDR angles, and ADC denotes the absolute misfit in
the DC percentages. For the DC model, its DC percentage
is 100%; thus, ADC = 0. For the GD model, its DC
percentage pPC is obtained using the equation in the study
by Vavry¢uk® (Equation 5):

P = L_n‘a‘)xm%, (5)
(v+1)sin|a|+1

where « is the slope angle, and v =(V, /V;)’ =2, in which

V, and V_ are P- and S-wave velocities. For the MT model,

its DC percentages are calculated using the standard MT

decomposition equations.”*

3.2. Impact of distributed acoustic sensing array
orientation and comparison with three-component
geophones

To investigate the influence of DAS array orientation on HF
microseismic focal mechanism inversion, and to compare
DAS-based inversions with inversions using conventional
three-component (3C) geophones deployed at the same
locations as the DAS sensors, we conducted numerical
experiments using three configurations: Direction-A only,
Direction-B only, and the combined Direction-A&B array.

These configurations correspond to DAS-A, DAS-B, and
DAS-A&B in Figure 2A, respectively. The inversion results
are presented in Figure 4.

As shown in Figure 4, all values of ASDR using DAS-A
were greater than 20°, with the exception of the SS MT
inversion. In contrast, the DC, GD, and SS MT inversions
using DAS-B and DAS-A&B yield ASDR < 11°. The
DC percentage deviations (ADC) of GD inversions are
consistently below 12%, whereas those of MT inversions
reach up to 32%. Overall, the combined DAS-A&B
configuration produces smaller inversion deviations than
either DAS-A or DAS-B alone. Accordingly, the DAS-A&B
geometry was adopted as the monitoring configuration for
all subsequent focal mechanism inversion experiments.
In addition, the inversion deviations obtained using the
DAS arrays were consistently larger than those with the 3C
geophones.

3.3. Impact of input focal mechanism type

Various DC source mechanisms were employed as input
parameters to assess the sensitivity of DAS-based focal
mechanism inversion. In addition to the SS and DS
mechanisms, we conducted tests using normal fault (strike
= 0°, dip = 45°, rake = —90°) and reverse fault (strike = 0°,
dip = 45°, rake = 90°) mechanisms. The DC, GD, and MT
inversion results are summarized in Figure 5. As illustrated
in Figure 5, all DC and GD inversion errors remain
relatively small (ASDR < 10° and ADC < 5%), whereas the
angular misfits in MT inversions for DS and normal fault
mechanisms are substantially larger (ASDR > 19°).

We also conducted GD and MT inversion tests using
a range of non-DC focal mechanisms, whereas the DC
inversion is restricted to pure DC sources. The input
non-DC mechanisms were constructed by introducing
nonzero slope angles into the SS and DS sources. From
Equation 5, slope angles of + 10°, + 20°, + 45°, and + 90°
corresponded to DC percentages of 61%, 39%, 12%, and
0%, respectively. For MT mechanisms with slope angles
of £ 90° the SDR angles cannot be uniquely determined.
Therefore, ASDR was not reported for these cases. The
numerical test results are presented in Figure 6. As shown
in the figure, the GD inversion errors remain consistently
small for all tested non-DC mechanisms, with ASDR < 10°
and ADC < 5%. In contrast, some MT inversions for the
DS-based non-DC mechanisms exhibited substantially
larger angular misfits (ASDR > 14°).

3.4. Impact of noise level

Numerical experiments with varying noise levels (10%,
25%, and 40%) were performed to evaluate the robustness
of DAS focal mechanism inversion under different signal-
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Figure 4. Inversion deviations of (A-C) strike, dip, and rake (SDR) angles (ASDR) and (D-F) double-couple (DC) percentage deviations (ADC) for the
DC, general dislocation (GD), and moment tensor (MT) models using different distributed acoustic sensing (DAS) array orientations (solid lines) and
three-component (3C; dashed lines) geophones. Direction-A, Direction-B, and Direction-A&B indicate the same locations as those of DAS-A, DAS-B,
and DAS-A&B in Figure 2A, respectively. Each inversion was performed with 10% field noise added to the synthetic waveforms. ASDR = |Ax| + |A6)] +
|Aol, where |Ax|, |A6), and |Ao| represent the absolute deviations between input and inverted SDR angles, respectively. ADC denotes the absolute difference
between input and inverted DC percentages. Red and black lines represent inversion results for input strike-slip (SS; strike = 0°, dip = 90°, rake = 0°) and

dip-slip (DS; strike = 0°, dip = 90°, rake = 90°) focal mechanisms, respectively.

to-noise conditions. Figure 7 presents the DC, GD, and MT
inversion results. As observed in Figure 7, both angular and
percentage deviations increased progressively with noise
level from 10% to 25% to 40%. For a given noise level, the
inversion misfit generally increased in the order of DC >
GD > MT. Overall, the DC and GD inversions maintained
relatively small errors (ASDR < 21° and ADC < 5%) even at
noise levels as high as 40%, whereas MT inversions began
to deviate substantially from the true solution at noise
levels as low as 10%.

3.5. Impact of velocity model uncertainty

In field DAS data processing, obtaining an accurate velocity
model is often difficult. Therefore, it is essential to evaluate
the resolvability of microseismic focal mechanisms in
the presence of velocity model inaccuracies. For the
numerical experiments, two velocity models with 5% and
10% random perturbations were employed for forward
modeling. Since velocity errors may introduce time shifts

between synthetic waveforms computed with accurate and
inaccurate models, we adopted an inversion strategy based
on the Cut-and-Paste method* to mitigate the impact of
velocity uncertainties. Figure 8 shows the inversion results
with 5% and 10% velocity errors. The results show that MT
inversions exhibited significant deviations from the input
under 10% velocity error, whereas DC and GD inversions
maintained relatively small errors (ASDR < 20° and ADC
< 10%).

3.6. Impact of source location uncertainty

We further conducted numerical experiments to assess
the impact of source location errors on focal mechanism
inversion. Three perturbed source locations were tested,
corresponding to errors in the horizontal, vertical, and
combined horizontal-vertical coordinates relative to the
reference event in Figure 2A: S1 (200 m, 240 m, 1670 m)
with 10 m horizontal error, S2 (200 m, 250 m, 1660 m)
with 10 m depth error, and S3 (200 m, 240 m, 1660 m) with
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Figure 5. Inversion deviations of (A, B) strike, dip, and rake angles (ASDR) and (C, D) double-couple (DC) percentage deviations (ADC) for the DC,
general dislocation (GD), and moment tensor (MT) models using different input DC focal mechanisms. Each inversion was performed with 10% field
noise added to the synthetic waveforms. Red solid lines and black dashed lines in (A) and (C) represent inversion results for input strike-slip (SS) and dip-
slip (DS) mechanisms, respectively. Red solid lines and black dashed lines in (B) and (D) represent inversion results for input normal fault (strike = 0°, dip
= 45°, rake = —90°) and reverse fault (strike = 0°, dip = 45°, rake = 90°) mechanisms, respectively.

20 m total location error. The DC, GD, and MT inversion
results are presented in Figure 9. The results indicate that
all DC and GD inversion misfits remained relatively small
(ASDR < 10° and ADC < 10%), whereas only two out of
the six MT inversion tests showed deviations at this level.

4, Discussion

In this study, we conducted systematic numerical
experiments using a downhole DAS monitoring
configuration to investigate the microseismic focal
mechanism inversion sensitivity of the DC, GD, and
MT source models. The effects of DAS array orientation,
input focal mechanism type, noise level, velocity model
uncertainty, and source location error on DAS-based

inversion are systematically evaluated. Our findings can be
summarized as follows:

(i) The inversion errors obtained using the DAS arrays
are generally larger than those obtained using
conventional 3C geophones (Figure 4). This likely
reflects that conventional DAS measurements are
primarily sensitive to axial strain (or strain rate)
along the fiber direction and therefore provide only
1C observations. Compared to 3C geophones, DAS
records contain less directional information and
impose fewer independent constraints on the source
radiation pattern. This limitation becomes particularly
important for MT inversion, which involves six
independent source parameters. Fewer observational

Volume X Issue X (2026)

doi: 10.36922/JSE026270120


https://doi.org/10.36922/JSE026270120

Journal of Seismic EXplOration Source models in HF-DAS focal inversion

Figure 6. Inversion deviations of (A, B) strike, dip, and rake angles (ASDR) and (C, D) double-couple (DC) percentage deviations (ADC) for the general
dislocation (GD) and moment tensor (MT) models using different input non-DC focal mechanisms. Each inversion was performed with 10% field noise
added to the synthetic waveforms. Red solid lines and black dashed lines represent inversion results for input strike-slip (SS) and dip-slip (DS) based focal
mechanisms, respectively.

Figure 7. Inversion deviations of (A-C) strike, dip, and rake angles (ASDR) and (D-F) double-couple (DC) percentage deviations (ADC) for the DC,
general dislocation (GD), and moment tensor (MT) models at different noise levels. Field background noise was added to the synthetic microseismic
waveforms. Red solid lines and black dashed lines represent inversion results for input strike-slip (SS) and dip-slip (DS) focal mechanisms, respectively.
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Figure 8. Inversion deviations of (A, B) strike, dip, and rake angles (ASDR) and (C, D) double-couple (DC) percentage deviations (ADC) for the DC,
general dislocation (GD), and moment tensor (MT) models using velocity models with 5% and 10% random errors. Each inversion was performed with
10% field noise added to the synthetic waveforms. Red solid lines and black dashed lines represent inversion results for input strike-slip (SS) and dip-slip
(DS) focal mechanisms, respectively.

(ii)

constraints increase parameter trade-offs and the non-
uniqueness of the inverse problem, exacerbating ill-
posedness and increasing inversion uncertainties.

The majority of inversion errors (ASDR and ADC;
Figures 4-8) increase progressively across the three
models in the order of DC>GD->MT. This trend is
consistent with previous studies based on conventional
geophone data,'>**® and is likely attributable to
the increasing complexity of the source models, as
reflected by the growing number of free parameters
(4>5->6; Table 1). For DAS observations, this effect
can be further amplified by the limited directional
information inherent in 1C measurements. As
the number of free source parameters increases,
particularly for the six-parameter MT model, stronger
trade-offs among the MT components may arise,
making the inverse problem more weakly constrained

and ill-conditioned. Consequently, the MT inversion
is more sensitive to limited observational constraints
and tends to exhibit larger inversion errors than the
more strongly constrained DC and GD inversions.

(iii) As shown in Figure 4, DAS arrays with better

horizontal source-receiver azimuthal coverage (DAS-B
and DAS-A&B) yield more robust inversion results
than those with limited horizontal coverage (DAS-
A). The DAS-A configuration represents a single-
well downhole observation system, for which focal
mechanism inversion has long been recognized as
particularly challenging.'®'"'® Since focal mechanism
inversion is constrained by first-motion polarity and
waveform fitting between observed and synthetic
seismograms, monitoring geometries with broader
source-receiver coverage provide more diverse P and
S wavefield information (Figure 3), thereby facilitating
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Figure 9. Inversion deviations of (A-C) strike, dip, and rake angles (ASDR) and (D-F) DC percentage deviations (ADC) for the DC, general dislocation
(GD), and moment tensor (MT) models using source locations with horizontal, vertical, or combined horizontal and vertical errors. Each inversion was
performed with 10% field noise added to the synthetic waveforms. Red solid lines and black dashed lines represent inversion results for input strike-slip

(SS) and dip-slip (DS) focal mechanisms, respectively.

more accurate inversion results.

For the horizontal-vertical DAS monitoring
configuration (DAS-A&B), all DC and GD inversions
yield physically reasonable solutions. In contrast,
the MT model exhibits significant inversion misfits
(ASDR > 25° or ADC > 20%) in tests involving DS
mechanisms, noise levels of 10%, 25%, and 40%,
10% velocity errors, and 10 m source location errors.
Some MT inversion deviations are particularly large,
reaching ASDR values of ~50° and ADC values of
~50%. This indicates that MT inversion in DAS
monitoring is less stable and more susceptible to
perturbations compared to DC and GD inversions—a
finding that is also consistent with microseismic focal
mechanism studies using traditional geophones."

(iv)

It should be noted that the numerical experiments in
this study assume accurate P- and S-wave arrival picking. In
practice, picking uncertainties in field DAS data may affect
both microseismic event location and waveform alignment,
thereby influencing the accuracy of focal mechanism

inversion. The combined effects of these uncertainties are
not explicitly investigated in the present study and will
be further evaluated using field DAS data in future work.
In addition, all simulations in this study are conducted
under the assumption of isotropic media. In practice, shale
reservoirs may exhibit significant seismic anisotropy, which
could affect waveform characteristics and consequently
the accuracy of microseismic focal mechanism inversion.
Numerical experiments incorporating shale anisotropy,
together with further validation of the proposed approach
using field DAS observations, should be considered in
future work.

5. Conclusion

In this study, we present a systematic comparison of the
DC, GD, and MT source models for HF microseismic
monitoring using DAS data. Numerical experiments are
conducted to evaluate their performance in DAS-based
microseismic focal mechanism inversion. All synthetic
seismograms are generated using the generalized reflection

Volume X Issue X (2026)

"

doi: 10.36922/JSE026270120


https://doi.org/10.36922/JSE026270120

Journal of Seismic Exploration

Source models in HF-DAS focal inversion

and transmission coefficient matrix method, with field
background noise added to simulate realistic field
observations. Our results demonstrate that downhole DAS
focal mechanism inversion is strongly controlled by the
horizontal azimuthal coverage of source-receiver geometry.
For the horizontal-vertical DAS monitoring configuration,
MT inversion exhibits significant deviations from the true
solution when subjected to DS input mechanisms, 5%
velocity model errors, 10 m source location uncertainties,
or 40% noise levels, whereas both DC and GD inversions
maintain robust performance under these conditions.
Given that HF operations can induce microseismic events
with non-DC components, the GD model-based inversion
represents a reliable approach for obtaining accurate
focal mechanisms in horizontal-vertical DAS monitoring
scenarios, thereby advancing the application and reliability
of DAS technology for microseismic monitoring.
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