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Review of:

The rupture plane of the February 2022 Mw 6.2 3

Guatemala, intermediate depth earthquake

By Yani-Quiyuch, Asturias and Castro

The aim of this paper is to relocate some of the aftershocks of the 16 
February 2022 Guatemala earthquake and to obtain fault-plane solutions for 
as many of the aftershocks. With this information, the authors draw 
conclusions about the subduction process of the Cocos plate, offshore 
Guatemala.

In general, the paper is worthy of publication, but several issues should be 
first addressed.

My biggest concern is with the presentation of data and results. Figures are 
not clear (the use of some color is recommended, Seismica permitting). Most
of the symbols are small and hence, confusing. For example, Figure 1 should 
show the background seismicity of the area (not only focal mechanisms) and 
leave station locations for an inset. By the way, detphs for isodeth curves are
missing.

Most of the readers will not be that familiar with local Geography (for 
example, show on map where the Department of Escuintla is), or culture 
(what does the acronym INSIVUMEH stand for, anyway?)

Department of Escuintla is mentioned several times. For those of us not 
familiar with Guatemalan geography, it would be useful to locate the 
Department on a map.



The English language also requires some brushing-up. One extreme example 
is in line 131: “…it is possible que such effects …”

In a section-by-section examination:

The introduction does not clearly address what the aim and objectives of the 
paper are.

Section 2 should be called something like “Subduction of the Cocos plate in 
Guatemala”. In this section, contradictory data about the dip of the 
subducted slab are given: in the text, it is stated that dip gradually changes 
from 20 to 60 degrees, while the caption of Figure 2 sayas that the geomtry 
is uniform. The speed of convergence is, within error limits, constant in the 
area of study. Historical seismicity is mentioned in the text. It would be 
helpful to show main epicenters for intermediate-depth shocks on a map 
(both historical and recent, 1964 onwards). The authors talk about the 
trigger mechanism for intermediate-depth earthquakes; as far as I know, the 
most accepted idea is slab-pull, which is not mentioned.

Section 3. Ok, in general. Except, take out subsection 3.3 Conclusions and 
discussion and make it Section 4. Discussion and conclusions.

I recommend resubmission after review.
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The manuscript "The rupture plane of the February 2022 Mw 6.2 3 
Guatemala, intermediate depth earthquake" by Yani-Quiyuch et al. presents 
an analysis of the 16 February 2022, Mw 6.2, earthquake. They performed a 
hypocenter relocation using HypoDD, obtaining a fault plane of ~350 km^2. 
In this relocation, they can delimitate the main fault and some seismicity in 
the upper layer of the slab. This seismicity contrast with the one at the fault 
by having an inverse mechanism. Furthermore, this event presented a 
relatively high number of aftershocks compare with other similar 
earthquakes in the region. The authors post  the possibility of a relation to 
hydration but decide not to explore further.

The manuscript is in general well written but the introduction needs some 
review in the writing. I include all my comments, suggestions and questions 
in the attached document.

On a personal note, I am please that the exchange of data between countries
has prooved it usefullness and it has been fruitful. 
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Dear R. Yani-Quiyuch and co-authors:



Your manuscript “The rupture plane of the February 2022 Mw 6.2 Guatemala,
intermediate depth earthquake” presents the analysis of the mainshock-
aftershock sequence for the Mw 6.2 subduction earthquake in the segment 
of the Middle America Trench offshore Guatemala. This is the first time such 
an analysis is performed for an intra-slab, intermediate depth earthquake in 
this region. The relocalization of all the events in the sequence and the 
estimation of focal mechanisms for the mainshock and several aftershocks, 
allowed to establish the rupture plane, which was a subvertical plane cutting 
through the lower seismicity zone of the subduction slab, in which 
extensional events were produced. This activity also triggered aftershocks 
with compressional events in the upper seismicity zone, near the top of the 
slab. The size of the estimated rupture area, its location in with respect to 
the double seismicity zone and similarities with other subduction zones 
around the world allowed the authors to hypothesize this seismic activity 
occurred at a pre-existing fault, reactivated by dehydration embrittlement 
processes on the down going slab. Since extensional, intermediate depth, 
intra-slab earthquakes occur often in the region, they represent an important
hazard which needs to be characterized and understood. This work is an 
important step towards that goal.

The manuscript is very well written and is a pleasure to read through. I found
Figures 5, 6, and 7 particularly striking. If not for a few details, the paper 
could be ready for publication as is. However, I noted a few places where the 
discussion could be refined and a few figures could be improved slightly. 
Also, some final copy-editing to remove a few typos and grammatical errors 
would improve the clarity of the manuscript.

Find my comments in an attached file. 

Also, I am not a native English speaker but, if it is useful, I have included a 
file with copy-editing suggestiosn which you can use as you see fit. There is 
no obligation to consider those suggestions.

Apart from these minor comments, please accept my congratulations on a 
very interesting paper.

Best wishes,

Beatriz Cosenza-Muralles
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Revision by the authors

Dear Reviewers,
It is a pleasure to greet you once again as the authors of the work titled "The rupture plane of
the 16 February 2022 Mw 6.2 Guatemala, intermediate depth earthquake."
We express our sincere gratitude for your valuable observations and suggestions aimed at
improving the manuscript. Enclosed, you will find our response to each of your comments,
which have played a crucial role in aligning the manuscript with the necessary requirements
for potential publication.
As a general guideline, we have attached the original manuscript with the most significant
changes highlighted, as well as those implemented in response to your meticulous feedback.
It is pertinent to note the following notable alterations:
• The title of the work now includes the day of the earthquake occurrence.
• Extensive revisions have been made to the wording to enhance the organization of
ideas and achieve greater readability.
• The first two figures of the original manuscript have been merged, with the first figure
now containing information regarding the focal mechanisms from the ISC-GEM
catalog.
• The introduction has been expanded to provide a more comprehensive context.
• Some subheadings have been slightly modified to improve clarity and cohesion.
• A focal mechanism associated with aftershocks has been removed due to its absence
in the relocated aftershock catalog.
• A portion of the text pertaining to the use of the HypoDD algorithm has been modified
for improved coherence.
• The majority of the section "Rupture plane and temporal evolution of seismicity" has
been appropriately relocated to the "Discussion and Conclusions" section.
• We have decided to eliminate the comparison of the seismic sequence analyzed in this
work with that resulting from other intermediate-depth earthquakes, as it has been
concluded that the catalogs are not equivalent.
We hope that these modifications meet your expectations and requirements. We hereby
present a revised version of the manuscript for your consideration.
We extend our gratitude once again for your time and dedication in reviewing our work.
Sincerely,
The Authors.























Review of:

The rupture plane of the February 2022 Mw 6.2 3

Guatemala, intermediate depth earthquake
By Yani-Quiyuch, Asturias and Castro

Line-by-line comments to authors. 

Abstract

It says: was generated

It should say: occurred

Done. We changed the redaction.

Introduction

Line 11: It says: was generated 

It should say: occurred

Done

Line 12/Figure 1: Show where departmentas of Escuintla and Suchitepéquez are

Done (Figure 1 unified)

Figure 1: Show background seismicity; place station locations in an inset

Done (Figure 1 unified)

Epicentral location of the main shock should be given somewhere. In fact, location by various 

agencies (e.g., INSIVUMEH, PDE, Centroid, etc.) would be helpful



Done (Figure 1 unified). The epicenter of the main earthquake was highlighted. The 

different locations of the centroid were not considered, since the epicentral locations were 

used for both the main earthquake and the background seismicity. 

Line 14 What is INSIVUMEH, anyway?

Done

What is the objective of this work? It should be clearly stated in the Introduction.

We include the following text: 

“In this paper, we utilize waveforms from a strengthened seismic network to conduct a 

detailed analysis of the earthquake that occurred on 16 February 2022, along with its 

subsequent sequence of aftershocks. By relocating the hypocenters, we successfully 

identified the rupture plane, which aligns with the moment tensor of the main earthquake 

and the normal focal mechanisms of certain aftershocks. Additionally, we discovered other 

earthquakes in the sequence, situated further away from the rupture plane, in the upper part

of the slab, some of which exhibited an inverse focal mechanism. The analysis and 

interpretation procedure are described below.”

Line 32: Change heading to “The subducted Cocos Plate”

Done

Line 34: What do you mean by “the most seismicity per year”

 

This was changed “This subduction zone gives rise to a significant number of earthquakes, 

which are monitored and recorded by the RSN”

Lines 35-36: “the slab dip angle gradually changes from 20 to 60 degrees” This statement is 

contradictory with the figure caption for Figure 2 “the geometry of the slab (Hayes et al., 2018) 



is relatively uniform” and also contrdictory with the area of study shown in Figure 2. In fact, 20º 

of dip takes place further to the northwest of Figure 2, at about longitude -97º

- We changed the word “geometry” to “shape”. The meaning is to describe that the shape 

of the slab does not undergo important changes in MGESZ..

- The caption of Figure 1 (now unified) was clarified: “The iso-depth lines at the top of the 

slab (Hayes, et al., 2018) indicate its relatively uniform shape”.

Line 36: It is “Mid America Trench” (not Mesoamerican Trench)

Done

Figure 2 caption: The convergence velocity of the Cocos plate decreases slightly from Mexico to 

El Salvador (too little to mention; within error limits – see line 38)

We remove the description of an decrease. The text in Figure 1 (unified) caption was 

changed to: “Red arrows indicate the convergence velocities of the Cocos plate

relative to the Central America forearc sliver, according to Ellis et al. (2019)”

Line 40: “Historically several destructive earthquakes have been generated in this subduction 

zone” (show on map and/or table)

Figure 1 shows the destructive earthquakes documented in the ISC-GEM catalog.

Lines 43-49: Map with focal mechanisms/CMT’s needed.

Done. Figure 1 was updated with CMTs information.

Line 50: Intermediate-depth earthquakes are usually triggered by slab-pull



The initial works analyzed the intraslab stress field through focal mechanisms of 
intermediate-depth earthquakes and suggest that intraslab deformation is dominated by the 
influence of axial plate stresses (i.e., slab pull, ridge push, tractions on the edges of slabs, 
and lower mantle resistance) (see Craig, et al., 2022).

However, the mechanism for any earthquake below approximately 70 km depth is still a 
subject of debate due to the need to overcome the high confining pressure that would 
otherwise prohibit the sudden release of strain as earthquakes (see Brudzinski, et al., 2007).

The existence of double subduction zones represents an important means of gaining 
insights into earthquakes at intermediate depths of 70 to 300 km, as a hypothesis for such 
seismogenesis must explain the presence of the two layers and the separation between them
(see Brudzinski, et al., 2007).

It is inferred that the upper seismicity layer (USL) occurs within the subducting oceanic 
crust and/or the upper mantle due to dehydration reactions. Meanwhile, the lower 
seismicity layer (LSL) occurs in the lithospheric mantle, and its mechanism is still a topic 
of debate. Hypotheses for this process include the dehydration-embrittlement of antigorite, 
reactivation of preexisting shear zones, and quasi-adiabatic shear-heating instabilities. 
Furthermore, laboratory experiments suggest that faulting at intermediate depths can occur 
under dry conditions or due to dehydration-induced stress transfer under partially hydrated 
mantle conditions (see Cabrera, et al., 2020).

Line 66: Change title to Seismicity associated to the Mw 6.2 earthquake

Done

Line 67: Map with epicenters of relocated shocks needed. A map (like Figure 3 – original 

locations) can placed side by side with relocated epicenters.

Done

Line 75: It says Table 1 shows some results; it should say Table 1 shows results

Done. The wording was changed for a better understanding. 

Table 1: Make clear what the headings mean. Is the depth epicentral or centroid?



Done: Centroid depth

Lines 78-81: Rewrite entire paragraph. Very confusing.

We rewrote said paragraph: “Additionally, 12 focal mechanisms were estimated for the 

largest magnitude aftershocks using the P-wave first-arrival polarity method. The focal 

mechanisms obtained showed dominant normal and inverse components (Figure 4). The 

SeisAn software (Havskov and Ottemoller, 1999) was utilized, employing the FOCMEC 

(Snoke, 2003) and FPFIT (Reasenberg and Oppenheimer, 1985) algorithms for this 

analysis.”

Figure 4: Compression, dilation, P, and T symbols are barely visible. Enlarge.

Done

Figure 4, caption: It says: 1,2,3,5,8,10 and 13 have It should say: Events 1,2,3,5,8,10 and 

13 have; same for events 4,6,7,9,11 and 12

Done. It was clarified.

Line 82: I prefer the title of the section

Epicentral relocation

Done: we use the title “Hypocentral relocation”

Line 83: It says: To obtain a catalog of relocated seismic events It should say: In order to obtain a

catalog of relocated seismic events

Done

Line 93: What are the links in the region?



This expressions are specific to the relocation process that are not adequately explained in 

the text. The wording was changed for better understanding.

Line 95: What are strongly linked events?

This expressions are specific to the relocation process that are not adequately explained in 

the text. The wording was changed for better understanding.

Line 96: Reference for the local velocity model.

Done

Figure 5: Show same (original and relocated) on map.

Done

Figure 5 caption: make it clear that the model of the slab is the TOP of the slab (as stated in lines 

98-99).

Done

Line 103: Temporal evolution of what?

Done: Temporal evolution of seismicity

Lines 104-110: Rewrite paragraph; it is confusing.

We rewrote said paragraph: 

“Based on the catalog of relocated earthquakes, the initial days showed concentrated 

seismic activity in a limited region with a subvertical orientation. As the seismic activity 



progressed, additional earthquakes were recorded both within this same area and further 

away, near the top of the slab, as depicted in Figure 5.

The estimated moment tensor analysis indicates that NP2 in Table1 represents the primary 

rupture plane, where the majority of seismicity is distributed, as illustrated in Figure 6. 

Additionally, focal mechanisms with the highest normal component were found in the 

vicinity of this fault plane (blue beach balls in Figure 6), while focal mechanisms with the 

highest inverse components were observed in the upper region of the seismic activity (red 

beach balls in Figure 6).

Figure 6: Add map

Done

Figure 7: Add map; the fault plane is not visible. Focal mechanisms are too small.

Done: map was updated

Line 113: You are not considering thickness of slab. Or are the USL and LSL the physical limits 

of the slab? 

As mentioned, earthquakes in the lower seismicity layer (LSL) occur in the lithospheric 
mantle, possibly near the lower limit of the subducted oceanic crust. However, there is 
currently no detailed model to trace this limit.

Lines 111-136 should be left for Discussion section.

Done

Line 137: It should be: Discussion and conclusions.

Done



Line 140: Background seismicity should also be shown on map, not just a progressive graph 

(Figure 8)

Done

Line 141: Extensional focal mechanisms are NOT shown on Figure 8

Since these earthquakes are not part of the earthquakes analyzed in this sequence, we 

decided to remove that description since these focal mechanisms are not included in the 

work.

Lines 143-144: Are you certain?

It was considered to compare the productivity of aftershocks of these earthquakes because 

INSIVUMEH has given a better follow-up to these seismic sequences. However, the 

National Seismological Network had not yet been strengthened, so the catalogs of these 

sequences are not comparable with the catalog of the sequence analyzed in this work.

We have reconsidered this position and we have identified difficulties in drawing other 

conclusions about the behavior of these other seismicity regions, so we decided to omit this

analysis in the manuscript.

Figure 9: Not clear at all. What is horizontal axis? Table should not be inserted. Show as a 

separate table. By the way, the table does not “describe” number of earthquakes, ot only shows it.

Please, refer to the previous explanation (related to lines 143-144)










