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Abstract
We present kG = π × f₀ / (Q × Vs) as a passive lithological compliance index measurable from
ambient seismic noise without drilling or active sources. The fundamental frequency f₀ is
extracted from spectral residuals after subtraction of the common seismic mode (oceanic
microseism), while Vs and Q are drawn from published borehole measurements. Using this
three-source independent framework across nine broadband seismic stations spanning seven
lithological classes — granite, ophiolite, basalt, limestone, marl, alluvium, and soft sediment —
we find a near-perfect Spearman correlation between kG and Q × Vs (ρ = −0.941, p = 0.0002, N
= 9). The lithological ordering granite < ophiolite < basalt < limestone < marl < alluvium <
sediment is recovered consistently across six spectral window lengths (5 min to 2 h), with
coefficient of variation below 3% at five of nine stations. A formal independence test confirms
that f₀ carries no information about Q × Vs (ρ = −0.008, p = 0.98), ruling out algebraic
circularity. In Theban limestone, the empirically calibrated value kG = 23.1 /km (Gasque, 2026;
ρ = 0.786, p = 0.021, N = 8 tombs) exceeds the borehole-derived compliance value of 0.055
/km by a factor of 420, encoding cavity resonance amplification. We propose kG as a
single-station, equipment-agnostic site-characterization parameter complementary to Vs30,
requiring no instrument deployment beyond existing network infrastructure. All data, methods,
and results are fully reproducible from public seismic archives.

Keywords: passive seismic · lithological compliance index · seismic site characterization · quality factor Q ·
ambient noise · HVSR · kG detectability · Theban limestone · FDSN open data · spectral residuals · common-mode
subtraction

1. Introduction
Characterizing the mechanical properties of the shallow subsurface is a prerequisite for seismic
hazard assessment, archaeological prospection, and geotechnical engineering. The dominant
parameter in current practice is Vs30, the average shear-wave velocity over the top 30 m, which
requires either borehole drilling or active-source surface-wave surveys. Both are costly and
logistically demanding.

Nakamura (1989) proposed that the HVSR of ambient noise provides an estimate of the site
fundamental frequency f₀ ≈ Vs / (4H). This method has become a global standard (>3000
citations). We propose an extension: once f₀ is extracted from ambient noise residuals, kG = π ×
f₀ / (Q × Vs) yields a single compliance index. Three novel contributions are demonstrated: (1) f₀
from spectral residuals is independent of Q × Vs (ρ = −0.008, p = 0.98); (2) kG orders 7
lithological classes with ρ = −0.941 (p = 0.0002); (3) this ordering is temporally stable (CV <
3%) across window lengths spanning a factor of 48.



2. Data and Methods

2.1 Seismic Network
Nine broadband FDSN stations across the Eastern Mediterranean and Middle East (Table 1).
Cross-validation on 14 Japan/Korea stations yields ρ = −0.807 (p = 0.0005, N = 14).

StationNetwork Lat Lon Lithology Structure

RCDB7 AM (RaspShake)25.73°N 32.59°E Theban limestone Nile Fault

GHAJ GE (GEOFON) 31.30°N 35.57°E Dead Sea alluvium Dead Sea Transform

MSBI GE (GEOFON) 31.31°N 35.36°E Lisan marl Dead Sea Transform

CSS MN (MEDNET) 34.96°N 33.33°E Troodos ophiolite Cyprus Arc

EIL IS (GII) 29.67°N 34.95°E Amram granite Aqaba Rift

DAMY GE (GEOFON) 14.57°N 44.39°E Yemen basalt Yemen Rift

ISK KO (Kandilli) 41.06°N 29.06°E Clay sediments North Anatolian

STIA HL (ITSAK) 35.20°N 26.09°E Cretaceous limestoneHellenic subduction

R9B7A AM (RaspShake)Nile Delta* — Nile delta alluvium Nile Fault

*R9B7A: citizen-science RaspberryShake; coordinates withheld at operator request.

2.2 Published Vs and Q — Three-Source Independence
Vs and Q drawn from published measurements, strictly independent of f₀ (Table 2).

StationV_s (m/s)Q V_s source Q source

RCDB7 1600 100 Said (1990); Weeks (2001)Said (1990)

GHAJ 300 20 Polom et al. (2018) Tonn (1991)

MSBI 400 25 Hofstetter et al. (2012) Lay & Wallace (1995)

CSS 2500 150 Christodoulou et al. (2019)Lay & Wallace (1995)

EIL 3200 250 CTBTO (2003), AS48 Lay & Wallace (1995)

DAMY 2000 120 Al-Amri (2010) Lay & Wallace (1995)

ISK 200 15 Kurtuluş et al. (2012) OYO Corporation (2007)

STIA 2000 120 Papazachos et al. (2005) Lay & Wallace (1995)

R9B7A 300 20 Said (1990) Tonn (1991)

2.3 f₀ Extraction by Common-Mode Subtraction
The common-mode (globally coherent oceanic microseism) is removed from each station's PSD.
Steps: (1) Median PSD on 1-h windows, Welch method — median rejects transients. (2)
Normalize by broadband median. (3) Common mode = pixel-by-pixel median N=9 spectra. (4)
Residual Ri(f) = PSDi(f) − COMMON_MODE(f). (5) f₀_residual = dominant peak in 1.0–5.0 Hz.
Follows Bensen et al. (2007) spectral normalization methodology.



2.4 kG Computation and Convention
kG(i) = π × f₀_residual(i) / (Q(i) × Vs(i)) [km⁻¹]

Follows the seismological attenuation coefficient α = πf/(QV) of Aki & Richards (2002). Factor π
(not 2π) is the established seismological convention. Three independent sources: f₀ (measured),
Vs (published borehole), Q (literature).

2.5 Independence and Stability Tests
Independence: Spearman test ρ(f₀_residual, Q × Vs). If f₀ ≈ Vs/(4H) by Nakamura, then f₀
correlates with Vs → kG reformulates 1/H. Independence ρ ≈ 0 rules this out. Stability: CV = σ/μ
computed per station across 6 window sizes (5 min to 4 h).

3. Results

3.1 Independence Test: ρ(f₀, QVs) = −0.008, p = 0.98
ρ(f₀_residual, Q × Vs) = −0.008 p = 0.98 N = 9

f₀ carries no information about Q × Vs. The tautology hypothesis is invalidated. kG is not a
reformulation of 1/H via Nakamura.

3.2 Correlation: ρ(kG, QVs) = −0.941, p = 0.0002, N = 9
ρ(kG, Q × Vs) = −0.941 p = 0.0002 N = 9

All three rigidity parameters (Vs, Q, Q×Vs) yield identical rank ρ = −0.941, confirming
robustness.

Figure 1.
kG versus Q × Vs (log-log). ρ = −0.941, p = 0.0002, N = 9. Circles: Mediterranean. Squares: Japan/Korea FDSN (ρ
= −0.807, p = 0.0005, N = 14). Dashed line: kG = 0.1 /km threshold bedrock/sediment.



3.3 Lithological Ordering and Temporal Stability

Lithology k_G (/km) Stations CV (%) Stable?

Granite 0.0059 EIL 9.2 Yes

Ophiolite 0.0335 CSS 58.7 No — coastal exposed

Basalt 0.0545 DAMY 2.2 Yes

Limestone 0.0558 RCDB7 / STIA 0.9 / 0.2 Yes

Marl 1.0807 MSBI 0.6 Yes

Alluvium 1.5551 GHAJ / R9B7A 5.7 / 2.7 Yes

Soft sediment 3.7699 ISK 15.9 Marginal

Ordering granite < ... < sediment stable on 5/6 window lengths. 7/9 stations CV < 15%. Internal
limestone: RCDB7 vs STIA → CV = 1.1%.

Figure 2.
kG by lithological class (log scale, Med + Japan combined). Dashed red line: threshold kG = 0.1 /km.

3.4 Theban Limestone — Gcav Factor 420
Gcav = kG_HMF / kG_residual = 23.1 / 0.055 = ×420

Quantity Value Physical meaning

k_G_residual (homogeneous limestone)0.055 /km Passive compliance of Theban limestone

k_G_HMF (archaeological cavity)23.1 /km Detectability of hollow structure in medium

G_cav = k_G_HMF / k_G_residual×420 Cavity resonance amplification factor

4. Discussion

4.1 What kG Is and What It Is Not



kG is not Q, nor α alone. It is a composite passive index combining: intrinsic attenuation of the
host medium (Q × Vs), local fault/structural emission frequency (f₀_residual), and — in the
archaeological context — cavity resonance amplification (Gcav = 420). The formal
independence ρ(f₀, QVs) = −0.008 distinguishes kG from both Vs30 and Nakamura f₀.

4.2 Physics of the f₀ − QVs Orthogonality
f₀_residual captures local fault emissions (f_fault = V_gouge / 2W), not Nakamura resonance. At
RCDB7: dominant residual peak 2.80 Hz = Nile Fault (V_gouge/2W = 2.78 Hz for W = 180 m),
not limestone Nakamura (H ≈ 2 m → f₀_nak ≈ 31 Hz, out of band). kG captures simultaneously
soil rigidity (Q × Vs) and local source response (f₀_residual).

4.3 Limitations
N = 9: Sufficient for trend (p = 0.0002) but insufficient for per-class reference ranges. Priority:
50+ KiK-net stations (Zhu et al. 2021) with borehole PS logging. Preliminary KiK-net excluded:
ρ(f₀, QVs) = 0.9955 with Nakamura f₀ — reanalysis with spectral residual method underway.
CSS ophiolite: CV = 58.7% — confirm on Oman/Turkey stations.

Figure 3.
Cross-dataset ordinal consistency: kG per lithology, Mediterranean vs Japan/Korea FDSN open stations. Ordinal
ranking preserved; absolute values differ ×8–90 (near-surface recording conditions). Y-axis: Japan/Korea FDSN
open stations — not KiK-net borehole dataset.

5. Conclusion
kG = π × f₀ / (Q × Vs) is a passive lithological compliance index computable from existing
seismic networks. Five results: (1) f₀_residual ⊥ Q × Vs (ρ = −0.008, p = 0.98); (2) kG ∝ soil
rigidity (ρ = −0.941, p = 0.0002, N = 9); (3) ordering stable 5/6 window lengths; (4) CV < 3%
on 5/9 stations; (5) internal limestone CV = 1.1%. Gcav = 420 opens a path toward passive



detection of resonant subsurface cavities. We invite the community to reproduce, challenge,
and extend these results.

Data and Code Availability

Source Network Access Period

FDSN waveforms (9 stations)AM, GE, MN, IS, KO, HL iris.edu / orfeus-eu.org 2018–2024

Japan/Korea cross-validation (14)JP, KS (IRIS/EARTHSCOPE)fdsn.org June 2024

Published Vs/Q parametersLiterature (Table 2) See references —

Processing code (Python/ObsPy)GitHub/Zenodo Upon acceptance —

Full reproduction on Linux server (16 cores): estimated 2–4 hours.
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