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What do I mean by “very broadband”

• Good for ”shallow” (< a few km) imaging surveys – record high-frequency (> 1 Hz) ground 
moAon

• Not good for examining Deep-Earth Structure or monitoring global seismicity 

x(t) = s(t) ⭐ g(t) ⭐ r(t) 
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• “Force Feedback Seismometer” – Instrument 
response func8on is tuned by Op-Amp style 
feedback loop (not mechanical resonance 
frequency)

• Can observe ground mo8ons of 24 hours period*!

*Disclaimer: Ground mo8ons must be large (e.g. solid Earth 8des at mid-la8tudes) and 
instrument must be isolated from non-seismic sources. We’ll get to these! 

Guralp CMG-3T (we have 2 of 
these at South Pole) 



GSN            U.S. backbone network           Regional networks

USGS-ASL has MOU’s and agreements with 54 different countries.

Very Broadband Seismometers Operated by USGS

All data publicly available and distributed through an NSF-funded facility



Lynda Lastowka, Jeremy Fee, Eric Martinez, HAZDEV Team

USGS Event Pages



Brief History of Seismic Observations at South 
Pole• 1957 – Installed 2 horizontal 

component and 1 ver9cal 
component seismometer in 
associa9on with 1957-1958 
Interna9onal Polar Year efforts

• 1963 – Converted to a World-
Wide Standardized Seismographic 
Network (WWSSN) sta9on ”SPA”

• ~1975 – Sta9on moves when the 
dome is constructed



Brief History of Seismic Observations at South 
Pole

• 1991 – Sta(on incorporated into 
Global Seismographic Network 
(GSN). Sensors replaced with 
force-feedback seismometers, 
GPS (ming (1993), Digital Records

• 2003 - Sta(on moved 8 km to the 
SPRESSO site “QSPA”. Primary and 
secondary sensors in ~250 m 
boreholes in the Icecap. 



Construction of QSPA

Deepest Boreholes 
in GSN!



Importance of Seismic Observations at South Pole

1) Fills a large hole in global seismic station coverage 

Anthony et al., (in Review)

Of 150 GSN stations, 
QSPA is used the 2nd

most often to identify 
and characterize 
global earthquakes.

Cool Aside – VNDA and QSPA 
were used to detect tidally-
modulated stick-slip motion on 
the Whillans Ice Stream 
(Wiens et al., 2008; Nature)



2) “Long” (63 years) History of operation makes 
seismic data from South Pole suited for use as a 
climate proxy prior to the satellite era. 

Primary Microseism (14-20 s)

Secondary Microseism (5-10 s)

ANMO (Albuquerque, New Mexico) 



Annual Phase of Primary Microseism Power at 
Selected Global Sites
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Sea ice anomalies on the Antarctic Peninsula and 
seismic signals

Anthony et al., SRL (2017)



More Sea Ice and Seismic Signals

Canata et al., Sci. Rept. (2019)

Anthony et al., SRL (2015)

What can we say about sea 
ice concentration and 
extent from broadband 
seismic data?



How has wave and storm 
activity changed in the 
Southern Ocean in the last 
65 years? 

Aster et al., GRL (2010)

Lecocq et al., SRL (2020)



3) The quietest station on Earth at High-
Frequencies*

*Disclaimer: During the winter. Definitely not during neutrino-detector construc9on 
season. 

Lowest recorded seismic background noise 
on Earth (1993)



0S0: ~20 Minutes 0S2: ~54 Minutes

Anima3ons From: h8ps://saviot.cnrs.fr/terre/index.en.html

0T2: ~44 Minutes

• Can constrain loca,on, moment tensor, and magnitude of large earthquakes 

• One of the few ways to get at density structure of the deep-earth
• Conclusively verified that the inner core is solid
• Demonstrated Anisotropy of the Outer Core

4) Unique location to observe Earth’s free 
oscillations and isolate ocean tide loading signals



Normal Mode Splitting

0S2 has m = 2l +1 degeneracies. Coupling of modes with Earth’s rota;on causes the 
frequencies to split (Data Recorded in California from the M 9.1 Sumatra-Andaman 

Earthquake)

Park et al., Science (2005)



No Normal Mode Splitting at South Pole

• South Pole is the only place on Earth that the m=0 singlets can be isolated

• Some singlets, such as the inner core sensi:ve 3S2 have never been observed
• Possibly due lack of low-noise records at South Pole

Park et al., Science (2005)



Current Sensors at South Pole are too noisy to 
observe normal modes

Normal Mode Spectra after the 2020 M 8.2 Fiji earthquake. 0S0 should be the same 
amplitude for all stations but could not be observed at any station due to instrument 

noise. 

Anthony et al., (in Review)



No solid Earth tides at South Pole

ANMO (Albuquerque, New Mexico) 

QSPA

3 Days of Data



Largest Uncertainty in Ocean Tide Models is 
Under Ice Shelves

Martens et al., 2016; GJI



Low Noise Model

Current Sensor Noise

Tidal Model
New seismometer noise floor

Ver7cal  Ground Mo7ons

Horizontal  Ground Mo7ons
Anthony et al., (in Review)



Why are the borehole sensors at South Pole so bad 
at long-periods? 

Anthony et al., (in Review)



Answer: Because it’s mostly recording magnetic 
field changes and not ground motion between 200-

2000s

Seismic Record Magne0c Field

Ringler and Bas-en, 2020; SRL



Ringler et al, 2020; SRL



Answer to this problem: Shield Sensor in Mu 
Metal

• μ-metal provides a path of least 
resistance to channel magne5c field 
around the seismometer 

• Reduces effec5ve magne5c sensi5vity 
by a factor of 20-40

• Very expensive, rarely used in 
temporary deployments

https://mumetal.co.uk/?p=82



Block Diagram of Component 
Pressure Vessel 

Sensor:
Inputs:  Power, Centering, Gimbal Leveling, Calibration Signals

Outputs: Ground Motion, Mass-Positions, Gimbal Orientation

Digitizer

Penetrator Cable

Seismometer

Mini-Main

Power

Digitizer:
Inputs:  Ground Motion, Mass Positions, Gimbal Orientation, Timing, 
CMDs

Outputs: Data Packets, SOH

Data

Comms

ICM



Unresolved Problems

• Interfacing the digi.zer with the mini-main board 
• We currently interface with the digi.zers at GSN sta.ons over a Linux computer 

• Ensuring accurate .ming (< 1 ms accuracy to UTC desired)
• Use RAPcal signal? 
• Ideally use PPS accurately .med to UTC

• Development and tes.ng of a modern, cold-rated seismometer
• Sensors from two venders have been purchased -> should have for tes.ng in our 

temperature chamber in early 2021 (will not be able to test noise performance at 
low temperatures un.l we can travel again)

• Designing and building pressure vessel 

• SpliRng off Seismic Data and sending over USGS data stream



Questions?



Albert, GRL (1998)

10 Hz

3 Hz

SPA

QSPA

SPA

QSPA



Albert’s Model appears to be DARN good



Anthony et al., (in Review)

In the absence of cultural 
noise, what processes 
govern ambient, high-
frequency vibrations? 


