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THE PBO BOREHOLE SEISMOMETER NETWORK. 

Abstract: During of  the installation of  the Plate Boundary Observatory, UNAVCO installed 79 borehole seismometers from Vancouver Island to Southern California, including Yellowstone. 74 are co-
located with borehole strainmeters and five are stand alone installations. The sensors installed are Sonde-2 seismometers. This sensor uses three 2 HZ geophones in a triaxial configuration. Eight sites in 
the Anza, CA region also have MEMS accelerometers. The data set generated by this network has become an integral component to research being done in regional seismic networks, such as those in 
Anza, CA and Yellowstone NP. The depth of  installation allows for the detection and location of  microseisms that can be missed by a surface installation. To improve the data quality of  the network 
UNAVCO is calibrating and orientating the seismometers in the PBO network. Local and regional earthquakes are used in conjunction with a co-located surface seismometer for the orientation process. A 
Birddog tester from Seismic Source is utilized to determine the instrument response for the individual geophones in the seismic package.   
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Sample Station Results: 
 
B082 Regional Earthquakes: 52 regional earthquakes, average orientation: 97.96 
          (Plot of data shown under regional earthquake results) 
 
B082 Surface Seismometer: 20 hours of cross-correlated data with Coherence 
>0.5, Avg: 94.39 
           Highest Coherence result: 97.15 
           (Table of cross-correlated results above) 
 
B082 EH1: 97 degrees 

Orienta/on	  Results	  

Surface Seismometer 
P-wave Polarization – Regional Earthquakes 

Yellowstone PBO Seismic Network 

The PBO Seismic 
network spans the 
entire west coast of 
the United States and 
Southern Vancouver 
Island as well as 
Yellowstone NP. 
There are a total of 79 
Borehole 
seismometers.  The 
majority of sites are 
collocated with 
borehole 
strainmeters.  Five 
sites are stand alone 
due to geology 
unsuitable for a BSM 
install.   
 
The Standard 
borehole seismometer 
is a Sonde SM-2 
seismometer using an 
Oyo Geospace HS1-
LT geophone.  Six 
sensors in the Anza 
network also have  
Colibrys SF1500S 
MEM accelerometers.   
 
The Geophones are 
recoded at 100Hz anf 
the MEMs are 
recorded at 200Hz.   

Birddog test is configured from 
GeoSpace HS-1-LT spec sheet. 
In the Birddog scope window you 
can see the output from the 
Birddog (red) and the response 
from the geophone (blue). The 
step pulses at the beginning are 
used to compute resistance, 
frequency, sensitivity, and 
damping. The steady sine wave is 
used to compute the impedance 
and distortion. 
 

Method: 
 
In-house Sac macro selects p-wave 
wavelet, plots particle motion, and 
user selects orientation of up motion 
 
Results: 
~1300 p-wave polarization results for 
PBO network 
 
Pacific Northwest regional 
earthquakes are too infrequent to 
allow a statistically significant result 
for nearby PBO stations 
 
Some newly installed stations would 
require 1-3 years of data to acquire 
enough results 
 
180 degree bi-modal results 

The Birddog test produces the 
following output parameters. 
 
-Natural Frequency (Fn) 
-Damping (Bopen) 
-Resistance (Rcoil) 
-Sensitivity (Go) 
-Impedance (Z) 
-Distortion (%) 
 

From these results the Poles and Zeros for each geophone 
can be computed. 
  
Rtotal = Rload + Rcoil    
Rload = Q330 digitizer input load resistance @ gain 30 = 
2.01K Ohms. 
Btotal = Bcoil + Bopen 
Bcoil = Dampingconstant / Rtotal 
Dampingconstant from HS-1-LT spec sheet = 6694 
  
Poles      -2*Pi*Fn*Bt +/-i*(2*Pi*sqrt(1-(Bt^2))) 
 

Pole and Zero plots: Only on positive 
pole 
 
Red dot: default value 
 
Outliers point out stations issues to 
be investigated further at a later date. 
 
Miniseed dataless: station specific 
data is being added, replacing the 
default values 

Utilize regional earthquakes for p-
wave polarization at stations with a 
couple year recorded history 
 
Deploy a surface seismometer at 
each station that does not have a 
co-located broadband on the 
surface 
 
Compare results from both 
methods, where possible to arrive 
at the EH1/LH1 orientation 
 

Data Processing Flow Chart 
 

- Surface station data from IRIS/DMC or from 
PBO server 
 
- Convert to SAC, to decimate or translate the 
surface data to mimic the response of the 
borehole instrument (figures to left) 
 
- Convert back/to miniseed data format 
 
- Convert to ASL data format 
 
- Convert to Q680 data format 
 
- Run az program from USGS to get result(s) 

Surface and borehole instrument data 
before translation 

Surface and borehole instrument data 
after translation 
 

Particle Motion Plot showing p-wave on 
LH1 

West Coast Seismic Sites 

PBO Network layout.  

Thanks to IRIS for the 
use of a broad band 
seismometer for our 
orientation work! 

http://wiggle.unavco.org/ 

P-wave polarization for B082: 52 results, avg = 97.96 / 277.96 

Table showing day of cross-correlated 
data using az program 

Birddog test input and output waveform 
Plot of poles and zeros derived from BidDog, outliers need further 
investigation 

Zoom in plot of poles and zeros. Red dot is default value from seismometer 
spec sheet 

Thanks to Bob Hutt 
and the USGS for 
the 330tolog and az 
programs as well as 
documentation of 
orientation process 
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