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TA Alaska Sensor Emplacement
The Lund-Drill is designed  for TA in Alaska: 

• 1600 lbs Sling load weight 
• 28% Augering 
• 3% Backhoe 
• 69% Downhole Hammer 

  
NEED: a hole in rock, frozen ground or  
up to 5M into soils.

Hammer Drilling, AK.SCRK

Hammer drill, N25K

Drill in Skyvan, bound for Middleton Island

Mike Lundgren auger in Palmer AK



PFO PY Posthole Installation



PY Array - Piñon Flat Observatory

Table B1: Relative orientations of the seismic stations at PFO.

BPH01 BPH02 BPH03 BPH04 BPH05 BPH06 BPH07
rel. orientation [�] 0 -1.4 0.3 0.1 -0.7 -0.6 -1.9

BPH08 BPH09 BPH10 BPH11 BPH12 BPH13
rel. orientation [�] 0.4 -6.6 0.3 -1.1 -2.6 0.2
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Figure 1: Instrumental setting at Piñon Flat Observatory (red triangle on overview map).
Red dot marks the epicenter of the analyzed earthquake. The thirteen seismic stations are
color-coded according to array aperture. Station 01 is selected as the center station. Stations
marked by filled and open symbols are equipped with Nanometrics Trillium 120PH and STS-
5A seismometers, respectively. The vertical component of the ring-laser gyroscope (RLG) is
marked by a red [circle] square. The three-component long-base laser strainmeters (LSM)
are indicated by lines labeled according to their orientation NS, EW, and NW-SE. Grey lines
give DEM topography in steps of 2 m. (a) Photo of the RLG. (b) Photo of one of the LSM.
(c) Photo of one of the seismic stations.
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Piñon Flat PY Array



Piñon Flat PY Array

90 meter aperture 
65 meter minimum spacing



Piñon Flat PY Array

500 meter aperture 
325 meter minimum spacing



Piñon Flat PY Array

1080 meter aperture 
730 meter minimum spacing



Nominal STS5 and Trillium 120 PH Responses 

• Broadband Sensors

• 120 Sec Long 
Period Corner
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Nominal STS5 and Trillium 120 PH Responses 

• Broadband Sensors

• 120 Sec Long 
Period Corner

• STS5 - ~40 Hz

• T120PH - ~200 Hz

• Similar response    
< 10 Hz



BHZ Sensor Comparison PDFs
• 1 Jan - Dec 31 2016

• Nearly identical PDFs for both sensors

••



BHN Sensor Comparison PDFs
• 1 Jan - Dec 31 2016

• Slightly more long period noise on Trillium
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BHE Sensor Comparison PDFs
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BHE Sensor Comparison PDFs
• 1 Jan - Dec 31 2016

• Slightly more long period noise on Trillium

• Slightly quieter long period noise on STS5



GSN-PY BHZ Sensor Comparison
• 1 Jan - Dec 31 2016

Similar performance between STS-5 Posthole and STS-1 



GSN-PY BHN Sensor Comparison
• 1 Jan - Dec 31 2016

Improved performance of STS-5 Posthole over STS-1 



AZ-PY BHZ Sensor Comparison
• 1 Jan - Dec 31 2016

Improved performance of STS-5 Posthole over surface STS-2 



AZ-PY BHN Sensor Comparison
• 1 Jan - Dec 31 2016

Improved performance of STS-5 Posthole over surface STS-2 



• multi taper spectra 

• 200 sps 

• 600 sec windows 

• 600 sec offset 

• 140 windows 

• 10 tapers 

• 6 NW (time 
bandwidth product)

STS5 HHZ  
BPH01-BPH02 65 Meter Separation
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• multi taper spectra 

• 200 sps 

• 600 sec windows 

• 600 sec offset 

• 140 windows 

• 10 tapers 

• 6 NW (time 
bandwidth product)

• multi taper coherence

STS5 HHZ  
BPH01-BPH02 65 Meter Separation

ha2 / FLV-py/Dcoh200-B.f Mon Apr 10 21:03:09 2017 D_J_Thomson page 8
Data File : d/PY200/BPH01.HHZ.2016.114.00.00.00

0.01 2 5  0.1 2 5  1.0 2 5 10.0 2 5 100.

10
-4 
2

5
10

-3 
2

5
0.01

2

5
 0.1

2

5
 1.0

2

5
10.0

2

5
100.

2

5
10

+3 
2

5
10

+4 
2

5
10

+5 
2

5
10

+6 

Frequency in Hertz

FLV-py 02.HH Z

 5
0.

0 
Pe

rc
en

t O
rd

er
 S

ta
tis

tic
s 1

40
 S

ec
tio

ns

FLV-py 01 Z

nppb 120000 noffst 120000 nsect 140 K10 NW 6.0

ha2 / FLV-py/Dcoh200-B.f Mon Apr 10 21:03:09 2017 D_J_Thomson page 2
Data File : d/PY200/BPH01.HHZ.2016.114.00.00.00

0.01 2 5  0.1 2 5  1.0 2 5 10.0 2 5 100.

.0
00

.1
00

.2
00

.3
00

.4
00

.5
00

.6
00

.7
00

.8
00

.9
00

**
**

Frequency in Hertz

FLV-py 02.HH Z

Se
ct

io
n 

A
ve

ra
ge

 M
SC

FLV-py 01 Z

nppb 120000 noffst 120000 nsect 140 K10 NW 6.0



STS5 Coherence  
BPH01-BPH02 65 Meter Separation

• HHZ MSC
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STS5 Coherence  
BPH01-BPH02 65 Meter Separation

• HHZ MSC

• HHN MSC 

• << HHZ         
0.01 Hz to 0.1 Hz 

• > HHZ                
1 Hz to 10 Hz
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STS5 Coherence  
BPH01-BPH02 65 Meter Separation

• HHZ MSC

• HHN MSC 

• << HHZ         
0.01 Hz to 0.1 Hz 

• > HHZ                
1 Hz to 10 Hz

• HHE MSC 

• Similar to HHN
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Trillium 120 PH HHZ  
BPH03-BPH04 65 Meter Separation

• multi taper spectra 

• 200 sps 

• 600 sec windows 

• 600 sec offset 

• 140 windows 

• 10 tapers 

• 6 NW 

• multi taper coherence
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Trillium 120 PH HHZ  
BPH03-BPH04 65 Meter Separation

• multi taper spectra 

• 200 sps 

• 600 sec windows 

• 600 sec offset 

• 140 windows 

• 10 tapers 

• 6 NW 
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Trillium 120 PH Coherence  
BPH03-BPH04 65 Meter Separation
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MSC 65 Meter Separation
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STS5 Coherence - 65 meters vs 870 meters 
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STS5 Coherence - 65 meters vs 870 meters 

ha2 / FLV-py/Dcoh200-B.f Mon Apr 10 21:03:09 2017 D_J_Thomson page 2
Data File : d/PY200/BPH01.HHZ.2016.114.00.00.00

0.01 2 5  0.1 2 5  1.0 2 5 10.0 2 5 100.

.0
00

.1
00

.2
00

.3
00

.4
00

.5
00

.6
00

.7
00

.8
00

.9
00

**
**

Frequency in Hertz

FLV-py 02.HH Z

Se
ct

io
n 

A
ve

ra
ge

 M
SC

FLV-py 01 Z

nppb 120000 noffst 120000 nsect 140 K10 NW 6.0

aegir / FLV-py/Dcoh200-B.f Tue Apr 11 12:08:36 2017 D_J_Thomson page 2

Data File : d/PY200/BPH01.HHN.2016.114.00.00.00

0.01 2 5  0.1 2 5  1.0 2 5 10.0 2 5 100.

.0
0

0
.1

0
0

.2
0

0
.3

0
0

.4
0

0
.5

0
0

.6
0

0
.7

0
0

.8
0

0
.9

0
0

*
*

*
*

Frequency in Hertz

FLV-py 02.HH N

S
e
c
ti

o
n

 A
v

e
r
a
g

e
 M

S
C

FLV-py 01 N

nppb 120000 noffst 120000 nsect 140 K10 NW 6.0

aegir / FLV-py/Dcoh200-B.f Tue Apr 11 13:48:36 2017 D_J_Thomson page 2

Data File : d/PY200/BPH01.HHE.2016.114.00.00.00

0.01 2 5  0.1 2 5  1.0 2 5 10.0 2 5 100.

.0
0

0
.1

0
0

.2
0

0
.3

0
0

.4
0

0
.5

0
0

.6
0

0
.7

0
0

.8
0

0
.9

0
0

*
*

*
*

Frequency in Hertz

FLV-py 02.HH E 2016.114

S
e
c
ti

o
n

 A
v

e
r
a
g

e
 M

S
C

FLV-py 01 E 2016.114

nppb 120000 noffst 120000 nsect 140 K10 NW 6.0

aegir / FLV-py/Dcoh200-C.f Mon Apr 17 16:01:41 2017 D_J_Thomson page 2

Data File : d/PY200/BPH11.HHZ.2016.114.00.00.00

0.01 2 5  0.1 2 5  1.0 2 5 10.0 2 5 100.

.0
0
0

.1
0
0

.2
0
0

.3
0
0

.4
0
0

.5
0
0

.6
0
0

.7
0
0

.8
0
0

.9
0
0

*
*
*
*

Frequency in Hertz

FLV-py 13 Z 2016.114

S
e
c
ti

o
n
 A

v
e
r
a
g
e
 M

S
C

FLV-py 11 Z 2016.114

nppb 120000 noffst 120000 nsect 140 K10 NW 6.0

aegir / FLV-py/Dcoh200-C.f Mon Apr 17 15:55:38 2017 D_J_Thomson page 2

Data File : d/PY200/BPH11.HHN.2016.114.00.00.00

0.01 2 5  0.1 2 5  1.0 2 5 10.0 2 5 100.

.0
0
0

.1
0
0

.2
0
0

.3
0
0

.4
0
0

.5
0
0

.6
0
0

.7
0
0

.8
0
0

.9
0
0

*
*
*
*

Frequency in Hertz

FLV-py 13 N 2016.114

S
e
c
ti

o
n
 A

v
e
r
a
g
e
 M

S
C

FLV-py 11 N 2016.114

nppb 120000 noffst 120000 nsect 140 K10 NW 6.0

aegir / FLV-py/Dcoh200-C.f Mon Apr 17 15:58:34 2017 D_J_Thomson page 2

Data File : d/PY200/BPH11.HHE.2016.114.00.00.00

0.01 2 5  0.1 2 5  1.0 2 5 10.0 2 5 100.

.0
0

0
.1

0
0

.2
0

0
.3

0
0

.4
0

0
.5

0
0

.6
0

0
.7

0
0

.8
0

0
.9

0
0

*
*

*
*

Frequency in Hertz

FLV-py 13 E 2016.114

S
e
c
ti

o
n

 A
v

e
r
a
g

e
 M

S
C

FLV-py 11 E 2016.114

nppb 120000 noffst 120000 nsect 140 K10 NW 6.0

BHZ BHN BHE



Potential Horizontal Response Issues
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Potential Horizontal Response Issues
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Signatures of  Solar modes in BPH09 N Spectra

• Solar Mode Refs 

• 2007 PIEEE07 
Thomson et al 

• 2015 GJI Thomson 
and Vernon 

• 2016 IEEE 
Thomson and 
Vernon
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STS5 HHZ 
BPH01-BPH02 “Coherogram”

ha2 / FLV-py/Dcoh200-B.f Mon Apr 10 21:03:09 2017 D_J_Thomson page 2
Data File : d/PY200/BPH01.HHZ.2016.114.00.00.00

0.01 2 5  0.1 2 5  1.0 2 5 10.0 2 5 100.

.0
00

.1
00

.2
00

.3
00

.4
00

.5
00

.6
00

.7
00

.8
00

.9
00

**
**

Frequency in Hertz

FLV-py 02.HH Z

Se
ct

io
n 

A
ve

ra
ge

 M
SC

FLV-py 01 Z

nppb 120000 noffst 120000 nsect 140 K10 NW 6.0

ha2 / FLV-py/Dcoh200-B.f Mon Apr 10 21:03:09 2017 D_J_Thomson page 4
Data File : d/PY200/BPH01.HHZ.2016.114.00.00.00

-2.00 -1.50 -1.00 -0.50  0.00  0.50  1.00  1.50  2.00

.0
00

.1
00

.2
00

.3
00

.4
00

.5
00

.6
00

.7
00

.8
00

.9
00

**
**

Log_10 frequency, Hz

FLV-py 02.HH Z

Ti
m

e 
in

 d
ay

s s
ta

rti
ng

 2
01

6 
d 

11
5

FLV-py 01 Z

 0
.0

 5
.0

10
.0

15
.0

20
.0

25
.0

30
.0

35
.0

40
.0

45
.0

-L
og

_1
0(

M
ag

ni
tu

de
 S

qu
ar

ed
 C

oh
er

en
ce

)



“Coherogram”
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Coherogram Local Events
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Coherogram Teleseismic Event
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PY STS-5, Trillium 120BH

500 m



2016 114 Cohero and Spectragrams

Spectragram- Spectragram-



2016 114 Coherence and Spectra
One-day average coherence One-day average spectra



2016 Year Long 65 meter Coherogram
01-02-HHE 01-02-HHN 01-02-HHZ

03-04-HHE 03-04-HHN 03-04-HHZ



2016 Year Long 330 meter Coherogram

05-08-HHE 05-08-HHN 05-08-HHZ

06-07-HHE 06-07-HHN 06-07-HHZ
Distance ~ 330m



2016 Year Long 780 meter Coherogram

09-12-HHE 09-12-HHN 09-12-HHZ

10-11-HHE 10-11-HHN 10-11-HHZ



2016 BHZ Coherence



2016 BHN Coherence



2016 BHE Coherence



Three Teleseisms



2015 09 13 Mw 6.7 Gulf  of  California    
2017 SRL Donner et al



2015 09 13 Mw 6.7 Gulf  of  California    
2017 SRL Donner et al



2015 09 13 Mw 6.7 Gulf  of  California    
Array Derived Rotation and Strain

2017 SRL Donner et al.



2015 09 13 Mw 6.7 Gulf  of  California    
Comparison with PFO Strain and Rotation

2017 SRL Donner et al.



Summary
• USArray Posthole Deployment provides consistent high 

quality data 

• STS5 and Trillium 120 PH show similar performance 

• All array elements with the same orientation are have 
highly coherent ground noise in the microseism band 

• Outside the microseism band the coherence of  ground 
noise drops significantly as a function of  distance. 

• Earthquake signals exhibit higher coherence across a 
wider bandwidth 

• Small Aperture Arrays of  posthole broadband sensors 
can effectively measure strain and rotation of  
earthquakes.




