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Seismic moment tensor catalogs are essential for analyzing seismicity, active faults, and

seismic hazards. However, the quality of these catalogs, especially for small and

moderate earthquakes, is often influenced by significant uncertainties in their moment

tensors. These uncertainties can arise from the inversion process or complex tectonic

settings.

The uncertainty for local earthquakes in Colombia with m>5 is less than 10% across all

components of the Moment Tensor. Conversely, for earthquakes with m<5, the

uncertainty rises to 27%.
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Seismic activity in Colombia is influenced by the complex interactions

between the Caribbean, Nazca, and South American tectonic plates, along

with the Panama-Chocó Block. The country experiences a high level of

seismic activity, averaging around 2,500 earthquakes each month. However,

the majority of these earthquakes are of low magnitude, with over 99%

having magnitudes below 4.0.
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The Colombian Geological Survey has greatly enhanced its capability to

calculate the Seismic Moment Tensor for earthquakes. This improvement was

achieved through the use of various waveform inversion methods, which have

enabled a deeper understanding of the country's seismic sources. Recently,

Gisola software was adopted to automatically generate solutions. Its accuracy

is assessed by comparing these with manual solutions obtained using

Isola2024.

http://bdrsnc.sgc.gov.co/sismologia1/sismologia/focal_seiscomp_3/index.html
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ISOLA2024 calculates Moment Tensor (MT) by the least-square solution in 

a grid point analogous Vackář et al., 2017. 

m   → model parameter (results)

G   → matrix of Green’s functions

Cd → data covariance matrix

d    → data vector

Uncertainties given by model parameter covariance matrix

𝐶𝑀 = 𝐺𝑇 𝐺𝐷
−1 𝐺 −1

MT uncertainty depends on the source-station geometry, frequency range, 

and Earth’s structure through G, and on data error through Cd.

𝑚𝑖𝑠𝑓𝑖𝑡 = 𝑑𝑜𝑏𝑠 − 𝐺 𝑚 𝑇𝐶𝐷
−1 𝑑𝑜𝑏𝑠 − 𝐺 𝑚

The Probability density (PPD) integrated over all MT parameters in a given

space-time grid point.

𝐶𝑖 =
1

𝑐
2𝜋 6 det 𝐶𝑖

𝑀 exp −
1

2
𝑚𝑖𝑠𝑓𝑖𝑡𝑖

m = 𝐺𝑇 𝐶𝑑−1 𝐺 −1𝐺𝑇 𝐶𝑑−1 𝑑

Example. Zaragoza, Antioquia earthquake. (a)Tensor moment calculated,

epicenter (focal mechanism plot) and stations. (b) Waveform comparison at

0.05–0.08 Hz; observed (black) and synthetic seismograms (red) for the best-fil

solution. Components with a disturbance (gray) were removed from inversion.

(c) The uncertainty estimates.

(a) (b)

(c)
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We assess the uncertainty of Centroid Moment Tensor (CMT) solutions using the latest features of the ISOLA2024 software, which includes basic statistics of

non-DC components and their variations across grid-searched source positions. This allows us to evaluate the robustness of the solutions. Small and

moderate earthquakes typically have significant uncertainties in their moment tensors (MT) and are likely artifacts of inversion or result from complex tectonic
settings.

The uncertainty for Colombian local earthquakes m>5 is less than 10% for all components of the Moment

Tensor. Conversely, for lower magnitude earthquakes m<5, the uncertainty rises to 27%.

Results and conclusions
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The moment tensor solutions for 25 events calculated by the automatic method of

Gisola are compared with those obtained manually using ISOLA2024, which were

derived from the complete seismic tensor inversion.

Comparing Gisola solutions with

ISOLA2024 showed that for most of

the 25 events, the results were

consistent, with magnitude

differences under 0.1, depth

differences below 20 km, and an

average Kagan angle of 28°.

Comparison GCMT - ISOLA2024 and GISOLA solutions 

For earthquakes with Mw > 5.0, the reliability of the CMT is assessed by

comparing it with the Global-CMT solutions. The automatically generated

solutions show similar quality to those produced manually. The average Kagan

angle between the manual solutions is 12°, and for the automatic solutions, it

is 17°.

Comparison ISOLA2024 and GISOLA solutions 
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