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Waveform cross-correlation is a natural method 
to detect repeating signals. Mine blasts are an 

example of repeating seismic/infrasound events 
with very close epicenters. In some areas, 

hundreds of mining blasts per year are measured 
by the IMS and built by the IDC 
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The IDC has been testing a prototype WCC-
based pipeline to find repeating mining 
events matching the event definition criteria 
(EDC) for the Reviewed Event Bulletin (REB). 
The REB is used as a source of master events 
with seismic and infrasound waveform 
templates. Several open-pit mines create 
intensive acoustic waves detected by the IMS 
infrasound network and these detections are 

used to build seismic-infrasound events 
matching the EDC. The prototype pipeline is 
processing seismic and infrasound data 
continuously and we systematically compare 
the cross-correlation bulletin (XSEL) with the 
automatic bulletin (SEL3) and the REB. This 
comparison is used to tune the defining 
parameters of data processing.  
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• Events to find: pure seismic, seismic/infrasound, and pure 
infrasound 

• Historical events within the studied area  
• Waveform cross correlation as a tool to find similar events 
• Selection of master events 
• Creation of XSEL with seismic and infrasound stations 
• Results 
• Discussion 
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There are mining areas 
with events having just 1 
infrasound arrival, but 
two and three also 
possible. In Africa, there 
is an open pit with blasts 
recorder by two 
infrasound stations 
I35NA and I47ZA and 
one 3-C seismic station 
BOSA. Such events are 
also found in XSEL 
processing. Master 
events are collected to 
process pure infrasound 
mining events. 
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The number of REB mining events with infrasound has been increasing since 2014. These events can hardly be confused  with non-mining 
events: narrow time slots and rare on weekends (except Eastern North America - Flinn-Engdahl region 34 ). The most active region 28 – 
Lake Issyk-Kul to Lake Baykal – with total number of events ~2000 per year.  
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There are mining areas 
with repeating events 
without infrasound arrivals. 
For some open mines, wind 
conditions make infrasound 
detection seasonal and 
then pure seismic events 
are built. There are also 
areas with highly 
repeatable natural seismic 
events within continents.  
All these areas are can be 
processed by WCC-based 
methods using a large 
number of the REB as 
master events.  
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The number of highly repeating  seismic REB events within continents has also been increasing since 2010-2014. These events can 
be mining blasts as well as shallow earthquakes: there are some events out of the narrow time slots and they are more often on 
weekends. Many of these pure seismic events are from the same mines as the events with infrasound. 
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From 36 events 20 (not black in the Table) have less than 3 primary 
seismic stations and need infrasound arrival to match the REB EDC. 
From these 20: 
- 9  have at least one auxiliary station SPITS, HFS (blue) 
- 3 are pure infrasound REB events (bold red) 
 

Pure infrasound 

Infrasound  has to be processed 
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Region: 40oN to 46oN: 100oW to 110oW From 23 events, 11 have less than 3 seismic and at 
least 1 infrasound defining arrival 
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There are 59 events in the REB, which were found in two designated regions during the studied 
period. The latter was selected as  two different weeks having larger number of events in 2018.  
 
1. Many events have no mb magnitude and were found by 3-4  closest IMS stations: seismic and 

infrasound 
2. Events with the largest mb are likely not mining blasts (to be excluded?) 
3. All events have zero depth  
4. 31 from 59 events (52%) have 2 or less seismic stations with associated phases. These events do 

not exist without infrasound detections 
5. 3 events are pure infrasound (all in Scandinavia) 
6. Only 17 from 59 events  (29%) have SEL3 events with the same evid, i.e. they have seed events 

for interactive analysis 
7. 42 events have to be added by analysts and built from scratch, i.e. with highly increased 

workload (specialized analysts)    
 

REB events to find: overview 
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There are many regions with mining events, including those detected by infrasound stations. In this study , we focus 
on the region with the highest number of historical events. Green – REB events to find. 
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Pure infrasound 

The events to find are within quarries with historical blasts. Some mines are detected by seismic and infrasound 
stations (e.g., Aitik mine). There are underground mines with blasts detected only by seismic stations (e.g., Kiruna).  
There are areas with repeating pure infrasound events.  No masters are made for such places yet.    
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Infrasound station 
I37NO 
Filter: 0.5 Hz – 2 Hz 
9 channels 

 

Infrasound signal associated with mining events in Scandinavia. Proper templates have to be selected.  
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Infrasound 
station 
I10CA: 4 
channels 
  

 

Infrasound signals at I10CA have large amplitude.  
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Standard XSEL processing 
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Because of weak Pg/Pn arrivals at seismic stations from 
mining events the measured arrival times are subject to 
larger uncertainty and sometimes are not matched by 10 s 
rule. We extend the match  rule by 60 s origin time 
difference well fit to the time spacing between mining 
events.  
 
From 36 events in the area we match 30 with masters 
obtained from repeated (>30 within 0.5 degree) 
seismic/infrasound events. The XSEL shows good results. 
From 3 pure infrasound events no one was matched (I18DK 
templates are not built yet), but there was one alternative 
event close to the origin time of 15479611. Infrasound IMS 
stations have significant input with 16 events would not be 
matched (2 stations or origin time within 60 s) without I-
phase  
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From 23 events in 
the area we match 
22 with masters 
obtained from 
repeated (>30 within 
0.5 degree) 
seismic/infrasound 
events. The XSEL 
shows good results.  
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Results: Lake Issyk-Kul – Lake Baikal 

- The number of events with infrasound stations is larger then in Scandinavia and Eastern North America    
- Master events with infrasound are able to find from 85% to 89% of REB events with infrasound by two 
 station match. Infrasound station I46RU is very close to the mining area. 
- When only master events with infrasound stations are used, the WCC method is able to find from 78% to 
 88% of all REB events by two station match  
- Auxiliary array stations KURK and BVAR are used as a primary station to calculate event weight 
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CONCLUSION 

• Waveform cross correlation (WCC) is used to find seismic and seismic-
infrasound events in the current IMS data, which are similar to one or more 
events from the historical REB (>600,000 events)   

• Mining events (seismic and seismic-infrasound) and repeated events within 
continents are processed separately in order to use the advantage of source 
similarity for the co-located master events  

• The XSEL match rate in all studied regions is between 85% and 96% 

 


