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Introduction

• Review of historic seismicity in PA
• Seismicity in Pennsylvania 2013-2015
• Pennsylvania State Seismic Network (PASEIS)
• Event detection and location
• PASEIS web site 





www.earthinstitute.columbia.edu/
news/2004/story04-30-04b.html)

Armbruster and Seeber
(1987)

http://www.earthinstitute.columbia.edu/


Stations 2/2013 to 6/2015

• 101 3-
component 
high quality 
(broadband) 
stations

• Recording 
continuously 



Equipment

• Guralp CMG3T seismometer
• Nanometrics Compact Trillium seismometer

RefTek RT130 Datalogger

GPS Clock

Broadband 3-component seismometers



PA seismicity 2/2013 to 06/2015
(from Kyle Homman’s MS thesis, PSU)

• 1761 events with 1544 located in Pennsylvania

Report can be downloaded from:
http://paseis.geosc.psu.edu/background.html



Historical

2013-2015

Historical



14 Non-mining events – probably all earthquakes (no 
evidence for oil and gas activity)



PASEIS Network Sept. 2016



Open broadband seismic stations in PA with near real-time telemetry
• 30 stations in the PASEIS network
• 6 stations operated by LCSN (LD)
• 2 stations operated by the USGS (US)
• 4 stations in the CEUSN network operated by IRIS/USGS 



Technical specifications; Network code = PE

http://ds.iris.edu/mda/PE



Stations used to detect and locate seismic events by PASEIS (71 total)



Email Alert received for: 
Magnitude 2.2
Time: 2016/04/18  Depth 
3.3 miles (5.2 km)
Near Titusville, PA



PACH

What do the data look like?
(Chapman State Park)

Magnitude 2.2
Time: 2016/04/18  06:34:40 local
Depth 3.3 miles (5.2 km)
Near Titusville, PA

P wave

S wave

Vertical

East-west

North-south

1 micron = 0.001 millimeter
Figure courtesy of C. Ammon



Example Email alert 
for a mining blast.  
Note characteristic 
long period surface 
wave.



Email alert for one 
of the Lawrence 
County events of 
April 25, 2016.



Example of an Email 
alert for a false 
detection on cultural 
noise  (most alerts 
look like this!)



(http://paseis.geosc.psu.edu)



Example event with an 
undetermined source

May 11, 2017  Mag. 2
Time: 2:54 am

Source depth = 1 km

No active fracking or 
wastewater disposal nearby

Waveforms look like a blast

Active coal mines in area but 
coal seam is at ~200-250 m 
depth
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Permanent seismic stations in PA through 2015  
• USGS National Network (2 stations)
• Lamont Doherty Earth Observatory Cooperative Seismic 

Network (LCSN) (supported as a regional network by the USGS) 
(6 stations)

• Initial 10 PASEIS stations
USGS and LCSN Stations



History of building a PA state seismic network
• 2006-2009  Establishment of the first 6 permanent PASEIS stations –

DCNR  (data archived and distributed using the PE Network code)
• 2009 Carbon sequestration technical assessment - DCNR

– 25 portable seismic stations
• 2010 Purchase of 4 USArray stations from IRIS – DCNR
• 2013 Earthquake monitoring during USArray - DCNR

– Support for temporary network to densify the USArray network, 
develop seismicity catalog

• 2015 Expand the 10-station permanent 
network to 30 stations and
provide seismic event 
information – DCNR and DEP



USArray



Basement deployments – mostly 
at university locations



Outside vault deployments –
mostly at state park locations



Overview of network

List of station 
names, locations, 
and start times



Information 
on how to 
request the 
data

View some 
of the data





Earthworm Process

• Automatic detection and location of seismic 
events
– Arrival time picks (P and S waves)

• STA/LTA algorithm
• Frequency band algorithm

– Location
• HYPOINVERSE code with velocity model for PA

• Alerts
– Records event information and sends email alerts





Analysis of Automatic Locations

• Determine whether an event is real or a false 
detection
– Use information on email alert

• Waveform characteristics
• Location of stations
• Location of event (near to known mine?)

• If there is any indication that event might be an 
earthquake, then the event is manually relocated



Manual Event Locations

• Pull data from Earthworm server
• Refine arrival time picks by hand using SEISAN
• Relocate event using HYPOINVERSE and same 

velocity model as used for automatic solution
• Add event information to database and post on the 

website



Example P- and S-wave arrival time picks from SEISAN 

P wave

S wave

Vertical Component

North-South Component

East-West Component



Magnitudes and Depths
• Local 

magnitudes
range from 
1.0 to 2.9

• Depths mostly 
< 1 km

Catalog is 
complete to 
magnitude 1.8 



Mine or 
Quarry 
Blasts 



Are there spatial and temporal correlations with well 
activity?

Non-mining events           Production wells (2013/2015)     Injection wells

-No correlation has been found with either injection wells or 
fracked wells for the 2013-2015 time period



Summary of findings:  1530 mining related events
14 Non-mining events – they are all probably tectonic earthquakes

Historical 2/2013-6/2015



Example of an 
Email alert 
received for a 
Teleseismic event 
(large, M > 5)



Email alert for one 
of the Lawrence 
County events of 
April 25, 2016.



Mag 3 event, SE Ohio, April 4, 2017 Mag 2 event, SE Ohio, March 30, 2017
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