ABSTRACT

Broadband seismometers are widely used in regional and global seismic monitoring networks due to their ability to record ground motion over a broad frequency
range. However, their relatively high cost limits the spatial density of monitoring networks, particularly for temporary deployments over large areas. In contrast,
conventional geophones are inexpensive, rugged and widely available. They are sometimes considered, however, unsuitable for recording low-frequency seismic
signals because their sensitivity decreases rapidly below their natural frequency. We investigate whether the effective bandwidth of a standard 5 Hz geophone can be

extended through instrument response correction. Two test sites were established in Texas.

The first site, in Needville, TX, includes two broadband Nanometrics Trillium Horizon 120 seismometers and three standard 5 Hz geophones in a collocated configuration
for direct comparison. During the experiment, a M4.9 earthquake in Louisianag, ~368 km from the site, provided an opportunity to compare recordings of a regional event.
Raw waveform comparisons show that geophone amplitudes are significantly attenuated below their natural frequency. However, after removing instrument responses,
the corrected geophone waveforms closely match those recorded by the broadband seismometer. Cross-correlation coefficients exceed 0.999 within the 0.1-40 Hz
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frequency band. Spectral analysis further demonstrates that usable signal energy can be recovered down to approximately 0.08 Hz from the geophone data.

The second test site, located in Big Spring, TX, includes a 5 Hz geophone installed adjacent to a public seismic station equipped with a broadband seismometer. A one-
year dataset was analyzed to evaluate event detection performance, waveform consistency, and source parameter estimation across a wide range of magnitudes and

distances (up to ~300 km). The results show that, after instrument response correction, waveform cross-correlation coefficients exceed 0.85 for events with magnitudes
between M0.4-M3.3 within a 30 km radius, and exceed 0.9 for events >M3 at distances up to 300 km, provided that the signal-to-noise ratio is greater than 2.

These results confirm that low-cost 5 Hz geophones can achieve performance comparable to broadband seismometers for regional seismicity monitoring applications
when the signals of interest are above 0.1 Hz. This suggests that dense seismic monitoring networks can be deployed at substantially lower cost using geophones while

maintaining high data quality.

COMPARISON BETWEEN STANDARD GEOPHONE AND BROADBAND SEISMOMETER
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TEST SITES AND INSTRUMENTATION
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Two Nanometrics

Event analyzed:

Test Site 2: Big Spring, TX

Events analyzed:

Trillium
seismometers and three standard 5Hz geophones were
installed in a co-located configuration in our Needyville test
site for direct side-by-side comparison.

Louisiana M4.9 earthquake (3/5/2026, ~368 km)

Station S8.MBO1 (5Hz geophone) was deployed adjacent to
the TexNet station TX.MB12 (broadband seismometer).

Data from both stations are publicly available through the
IRIS Data Management Center (IRIS DMC).

448 local events within 30km distance
93 regional events with M 2 3.0 within 300km
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Trillium Horizon 120 noise levels:

Geophone noise level -Below the NLNM at frequencies > 0.03 Hz

‘Below the NLNM at frequencies > 0.17 Hz

, Trillium compact 20 noise levels:
‘Below the NHNM at frequencies > 0.1 Hz.

‘Below the NLNM at frequencies > 0.1 Hz

Geophones have a lower noise level at frequencies >15 Hz,
suggesting that they are better suited for monitoring of local
and regional small-to-moderate seismic events.
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STUDY OF THE DATA FROM A M4.9 EARTHQUAKE FROM NEEDVILLE SITE - . .. ®oe

Comparison before and after instrument response correction Frequency windows used in deconvolution: [ESIRNEE Coe
-Seismometer: [0.005, 0.0083, 40, 45] Hz BN = R : ® .
0%;[3 ':Horlzon‘lzo -120| | | ':Horlzon‘lzo gogé | |——Horizon120 -120 | . | i—Horlzon;I20 .Geophone. [0041 0061 40/ 45] HZ 1",‘. i . . The brOGd bCI nd Sensors Were .
00{5j . Geophone 140! 0 Geophone | .06 | |— Geophone 140 |— Geophone | | s % Falestine - | : . ..
o o0l b MW Wm - ! Al ST % S g | connected to REF Tek 130 digitizers
= ol Al v Y £ 0 el *Nacogdoches ._ - . .
g L =00 - Jo T 2020 sampling at 100Hz, while the
-0.06 | s | -0.06 | o J\ | o/ s TP T R
-%[)'?l; 300 600 900 12_00 _240'”0'.'101 o4 1 10 510 -{3-(2?(; 300 600 900 12_00 240 001 01 1 10 50 -/Gfﬂli“/‘ﬁ r‘?;“‘:r”{;rrg;n; %Ufkm ANgegga . | .. N { geophones Were COnneCted to -
Time (9 . Frequency () Time (9 - Frequency (H2) U it AN ores e Sensorkra digitizer sampling at 250
_ = _ _ . E E E : ' 2
000; r |——Horizon120 |- ©-120; ——Horizon120 |1 O%E& " | ——Horizon120 |- ®-120 I . | é—Horizon120 y LHﬂadisﬁn%ille «Trinity \Q% , > .:::-: I? \ HZ. On MO rC h 5, 2026 G M4.9
005:. —— Geophone |- % 1401 ——Geophone 0.06 - ——Geophone |- %‘_ |— Geophone 3 :* : . : - , 8 el r o e o
. E -100 M L oo e gt b A S earthquake occurred in Louisiana
£ 002; §-180- £ o g Jﬂ:_’__;.."*HunlSville 4 Wk K 2| i
o ot e T \ I AR ot coordinates (32.038°N, 93.415°W)
B ow owm M e T S BRI onc 0 cepth of about 11 km. The
0 300 Tigzeo(s) 900 1200 E 0.01 O-Ereque;c;(Hz) 10 50 0 300 Tir?']?(s) 900 1200  E 0.01 O-Ilrequenc;(Hz) 10 50 “t/i\cl:::me _1 : .' : .! » , X _ }‘.1 ep|Cen trql dlS t(]nce frOm the teS t
gogé ':gzg;ﬂzﬁo 120 | :gzroi;?_lr;io 1 O%; I i :goriz?‘n‘lm 1 120f . e i:goriz?‘nmo 1 : > M‘ .,_._ ¥ A ¢ Beaumﬂllt‘._j; '_.:1 h e _. Site WOS G pprOXi mate Iy 3 6 8 km.
o 60 M M e, oo - _ ‘*y;,;‘;mm & This earthquake provided o
el ' ol T © o0z L s = suitable dataset for evaluating the
| :;jg | v 220 performance of the two sensor
0 00 Tiri?(s) 8ol L 081 D'grequem; - L 01, 300 - riio(s) 900 1200 240 001 o:;requencyﬁ(Hz) 10 50 type S.

Raw data before instrument response removal —> After instrument response removal

Left: The raw waveform recordings from the geophones exhibit significantly smaller amplitudes than those recorded by the broadband seismometer. This
difference is expected because the geophone’s sensitivity decreases substantially at frequencies below its natural frequency.

Right: After removing the instrument responses, the corrected waveforms recorded by the geophone and the seismometer show strong agreement. The
amplitude spectra of the corrected geophone recordings match those of the broadband seismometer down to approximately 0.08 Hz.
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@ The differences Iin seismic moment and corner
frequency derived from the TX.MB12 and S8.MBO1 data

e Standard 5Hz geophones, after instrument response correction, record regional

earthquake signals (2 0.1 Hz) that are highly comparable to those from broadband are within approximately 10% and can largely be
seismometers. attributed to the influence of high-frequency surface
noise.

e Due to their substantially lower cost, 5Hz geophones provide a practical and efficient a
solution for building dense seismic monitoring networks. imaGe
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	Left: The raw waveform recordings from the geophones exhibit significantly smaller amplitudes than those recorded by the broadband seismometer. This difference is expected because the geophone’s sensitivity decreases substantially at frequencies below its natural frequency.
	Right: After removing the instrument responses, the corrected waveforms recorded by the geophone and the seismometer show strong agreement. The amplitude spectra of the corrected geophone recordings match those of the broadband seismometer down to approximately 0.08 Hz.
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	Comparison of estimated source parameters
	For events with clear S-wave arrivals (within 30km), source parameters were derived independently from TX.MB12 (seismometer) and S8.MB01 (5Hz geophone) recordings using Brune’s source model (Brune, 1970).
	Cross-correlation coefficients between the data recorded by TX.MB12 and S8.MB01 exceed 0.85 when SNR>2.
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