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Abstract  

 

Serpentinization, transforms the physical properties of ultramafic rocks, with significant 

implications for natural hydrogen exploration. This study compiles and analyzes over 1,000 

samples from diverse geological settings to elucidate relationships between rock properties such 

as density, seismic velocities, elastic moduli, porosity, and magnetic susceptibility and the degree 

of serpentinization. Our findings reveal systematic trends, including marked reductions in density 

and seismic velocities, and increases in porosity and magnetic susceptibility, which can serve as 

measurable proxies for identifying hydrogen-rich source rocks. By establishing robust empirical 

and cross-property relationships, we offer predictive rock physics tools to enhance geophysical 

exploration and reduce interpretation uncertainties in hydrogen exploration. Furthermore, this 

work uses differential effective medium models to capture rock property changes during 

serpentinization, laying the groundwork for further rock physics modeling. These insights not only 

improve the understanding of subsurface hydrogen systems but also pave the way for innovative 

exploration strategies in the growing field of natural hydrogen exploration. 

 

1. Introduction  

 

Rock physics plays a tremendous role in quantitative seismic interpretation for oil and gas 

resources by providing the critical link between petrophysical rock and fluid properties and their 

associated elastic and seismic signatures. Many rock physics relations and models have been 

established for oil and gas resources, pioneered by the work of Amos Nur and others. Natural 

hydrogen is a carbon-free, new source of clean energy for the future. Despite the potential game-

changing impact on clean energy and the environment, natural H2 exploration is still in the early 

stages. What are the possible geophysical signatures of geological hydrogen occurrence? What are 

some of the rock physics relations and models that can be used to explore for natural hydrogen?  

 

Serpentinization of iron-rich rocks is one of the notable reactions responsible for generating natural 

hydrogen (Truche, McCollom, and Martinez 2020; Coveney Jr. et al. 1987) amongst others 

(Boreham et al. 2021; Klein, Tarnas, and Bach 2020). Although there is extensive literature 

available for changes in geochemical composition during serpentinization and controls on 

hydrogen generations, there exists very limited literature on the associated rock physics relations 

(Frery et al. 2021; Nicolas Lefeuvre et al. 2021; Fuad et al. 2023; Li et al. 2020a; N. Lefeuvre et 

al. 2022). The extent of hydrogen production during serpentinization is governed by factors such 

as the composition of protolith, thermodynamic conditions, temperature, pressure, salinity, pH, 

water-rock ratio and presence of specific trace metals (McCollom et al. 2020; 2016; Klein, Bach, 

and McCollom 2013; H. M. Miller et al. 2017; Lamadrid et al. 2017; Huang et al. 2019; Leong et 

al. 2023; Andreani, Daniel, and Pollet-Villard 2013). Along with natural serpentinization reactions, 

iron-rich rocks can also be geo-engineered to produce hydrogen termed as stimulated hydrogen 

(Osselin et al. 2022; Templeton et al. 2024). During serpentinization, the formation of new mineral 
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assemblages causes the rheology and the physical properties of rocks such as density, magnetic 

susceptibility, and seismic velocity, to change (D. J. Miller and Christensen 1997; Oufi 2002; Toft, 

Arkani-Hamed, and Haggerty 1990; Klein and Le Roux 2020; Stesky and Brace 1973; Yoshino, 

Manthilake, and Pommier 2024). Although the interest in serpentinization and ultramafic rocks 

from a natural hydrogen standpoint is recent, the data related to these changes has been present 

and studied over decades. Since serpentinization is one of the major reactions in mantellic rocks, 

the associated changes in physical properties have been studied extensively to understand the 

mantle’s composition, and plate tectonics (Birch 1969; Hatakeyama and Katayama 2020; Keppler, 

Ohtani, and Yang 2024; Durand, Juriček, and Fischer 2024). The current study compiles more than 

1000 samples from the literature from different geological environments (Li et al. 2020b; 

Hatakeyama and Katayama 2020; Falcon-Suarez et al. 2017; Watanabe, Kasami, and Ohshima 

2007; Oufi 2002; D. J. Miller and Christensen 1997; Kroenke et al. 2013; Horen, Zamora, and 

Dubuisson 1996; Cutts et al. 2021; Kern and Tubia 1993; Toft, Arkani-Hamed, and Haggerty 1990; 

Christensen 1978; D. J. Miller, Iturrino, and Christensen 1996; Christensen and Salisbury 1972; 

Christensen 1966; Bonnemains et al. 2016) to understand the change in rock properties during 

serpentinization. We analyze the effect of serpentinization on density, magnetic susceptibility, 

velocities, and elastic properties and provide rock physics regression relationships between the 

degree of serpentinization and physical properties.   

 

2. Material and methods 

 

Data were collected from the literature as shown in Table 1. They come from different locations 

and geological settings, spanning various lithologies including variably serpentinized peridotite 

and pyroxenites. In our compilation, we chose lower pressure range measurements (~ 20-50 MPa 

or lower) appropriate for depths suitable for natural hydrogen exploration.  

 
Table 1: Location, geological setting, rock types, distribution of physical properties, and number of samples for all the 
compiled data. ρ-density, k- magnetic susceptibility, VP- Compressional wave velocity, VS-Shear wave velocity, ϕ= 
porosity. 

Location Geological 

Setting 

Dominant 

lithology 

Physical 

Properties 

No. of 

samples 

Reference 

Western Canadian 

Cordillera 

Ophiolitic 

massifs 

Ultramafic rocks ρ, k 418 (Cutts et al. 

2021) 

Zedang Ophiolite, 

Tibet 

Ophiolites Lherzolite, 

harzburgite 

ρ, k 21 (Li et al. 

2020a) 

Mineoka belt, Japan 

and South Mariana 

and Tonga trenches 

Accretionary 

prism and deep-

sea floor 

Lizardite, 

chrysotile 

ρ, ϕ, VP, VS 4 (Hatakeyama 

and 

Katayama 

2020) 

Atlantis Massif, 

Mid-Atlantic Ridge 

(MAR) 

Ophiolite 

complexes 

Serpentinized 

peridotite 

ρ, ϕ 4 (Falcon-

Suarez et al. 

2017) 

Papua New Guinea Ophiolitic rocks  Harzburgite, 

pyroxenite 

VP, VS, ρ 12 (Kroenke et 

al. 2013) 

Hida outer belt, 

Central Japan 

Mantle wedge Partially 

serpentinized 

peridotite  

VP, VS, ρ  (Watanabe, 

Kasami, and 

Ohshima 

2007) 
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Pindos, Oman, 

France 

Ophiolite 

complex 

Variably 

serpentinized 

peridotites  

ρ, ϕ, k 44 (Bonnemains 

et al. 2016) 

MAR and Hess 

Deep 

Oceanic crust Serpentinized 

abyssal 

peridotites  

ρ, k 245 (Oufi 2002) 

MAR, South of 

Kane Transform 

Zone (MARK) 

Mid-oceanic 

ridge 

Serpentinized 

harzburgite, 

pyroxene-rich 

serpentinized 

harzburgite, 

metagabbro, 

gabbro, olivine 

gabbro, troctolite 

VP, VS, ρ 66 (D. J. Miller 

and 

Christensen 

1997) 

Xigaze ophiolite 

(Tibet) 

Ophiolite 

complex 

Serpentinized 

harzburgite 

ρ, ϕ, VP, VS 6 (Horen, 

Zamora, and 

Dubuisson 

1996) 

Ronda peridotites, 

Southern Spain 

Ophiolitic 

massifs 

Dunite, 

harzburgite, 

lherzolite 

VP, VS, ρ 14 (Kern and 

Tubia 1993) 

Josephine peridotite 

(Oregon) 

Ophiolites Serpentinized 

harzburgites  

ρ, k 39 (Toft, 

Arkani-

Hamed, and 

Haggerty 

1990) 

Western United 

States 

Ophiolites Serpentinites, 

metagabbro, 

diabase, gabbro, 

pyroxenite 

VP, VS, ρ 35 (Christensen 

1978) 

Mid-Atlantic Ridge Oceanic crust Serpentinites  VP, VS, ρ 3 (Christensen 

1972) 

Different locations 

across California, 

Washington and 

Oregon 

Ophiolites Peridotite, dunite 

partially 

serpentinized 

peridotite and 

dunite, 

serpentinite 

VP, VS, ρ 11 (Christensen 

1966) 

 

3. Serpentinization induced changes in rock properties 

 

An increase in volume and a decrease in density are inevitable in isochemical serpentinization 

(Toft, Arkani-Hamed, and Haggerty 1990). Broadly, during serpentinization, the density, velocity, 

and different elastic moduli decrease, while magnetic susceptibility and Poisson’s ratio increase. 

In some cases, substantial volume increase of up to 40% occurs during serpentinization that can 

be accommodated by fracturing, thus further exposing fresh rock surfaces (Klein and Le Roux 

2020). In this section, we will explore the relationships of different physical properties with 

serpentinization along with relevant cross property relationships.  

 

3.1. Elastic and Seismic Properties 

3.1.1. Density, Velocity (VP, VS) and Acoustic impedance vs Serpentinization 



Non-peer reviewed preprint submitted to EarthArXiv 

 

 

The most studied and pervasive change during serpentinization is the marked reduction in density 

(Figure 1). The average density of pristine peridotites, ~ 3.1-3.3gm/cm3, is much higher than that 

of pure serpentinite  ~ 2.55-2.6 gm/cm3 (Mével 2003). Thus, change in density has also been used 

to calculate the extent of serpentinization when direct measurements of the mineral constituents 

are not available. Figure 1 shows a least squares regression fitted to the data with an R2 value of 

0.888. Popular regression relationships given by (D. J. Miller and Christensen 1997; Cutts et al. 

2021) are also plotted. The Miller and Christensen’97 line overlaps our line at higher densities 

whereas Cutts et al., ’21 line overlaps with our fit at lower densities. A few samples show densities 

lower than pure serpentinites. This might be a porosity effect. For instance, the lowest density 

sample is from the Tonga trench region (Hatakeyama and Katayama 2020) and has a porosity of 

25.8%.  

 
Figure 1: Bulk density vs serpentinization % (s)  with fitted regression relationships from the current study as well as from 

D. J. Miller and Christensen 1997; and Cutts et al. 2021.  

Density monitoring using well logs and gravity or muon tomography measurements (Schouten, 

Furseth, and van Nieuwkoop 2022) has been carried out widely for resource exploration. Thus, the 

change in density can be quickly applicable to either image rocks that are undergoing natural 

serpentinization or monitor changes in density during stimulated hydrogen production to ascertain 

the extent of serpentinization.  

 

Seismic properties of ultramafic rocks vary with their proportion of olivine to pyroxene and 

abundances of accessory minerals formed during serpentinization, (Christensen 2004). P-wave 

velocities for monomineralic aggregates of olivine, pyroxene, and serpentine approximate 8.54, 

7.93, and 5.10 km/sec, respectively. Corresponding S-wave velocities are 4.78, 4.65, and 2.35 

km/sec. (Christensen 1966). Along with density, both P and S wave velocities as well as acoustic 

impendence (P-wave impedance) decrease with serpentinization (Figure 2 a, b,c). There is a ~40% 

decrease in P-wave velocity, ~60% decrease in S-wave velocity, and ~60% decrease in acoustic 

impendence with 100% serpentinization. This velocity decrease has been used to estimate the 

degree of serpentinization in the oceanic mantle for quite some time (Christensen 2004). One 

caution here is at low pressures and temperatures, velocity not only depends on serpentinization 

but also on fluid-filled porosity and preferred mineral orientation (Hatakeyama and Katayama 
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2020). The compiled data is fitted using least square regression with an R2 value of 0.976, 0.937, 

and 0.973 for VP, VS, and acoustic impendence vs serpentinization respectively. We rejected two 

outlier peridotite samples which had very low velocity and were described to have very loose 

grains (Christensen 1966). Similarly, two very high velocity serpentinites were rejected as outliers 

as they contained antigorite, a high-temperature serpentinite not relevant to our study. 

 

 
Figure 2: a) Compressional wave velocity (VP), b) Shear wave velocity (VS), c) Acoustic impedance d) Poisson’s ratio vs 

serpentinization % (s) and fitted regression relationship. 

Serpentinized peridotites have low velocities and high Poisson’s ratio. Serpentinite has a distinctly 

high Poisson's ratio relative to most other silicate rocks, theoretically allowing it to be 

distinguished from other rocks in ophiolite complexes (D. J. Miller and Christensen 1997). Figure 
2d shows the increase in Poisson’s ratio with serpentinization from 0.25-0.3 for ultramafic rocks 

to 0.3-0.4 for highly serpentinized rocks. The presence of magnetite in highly serpentinized 

peridotites can also lower the Poisson’s ratio.   

 
3.1.2. VP/VS Ratio and Acoustic Impedance (AI) 

 

The VP/VS ratio vs acoustic impendence plot is a standard rock physics template (RPT) (Chi and 

Han 2009; Odegaard and Avseth 2004; Avseth et al. 2010a) and has been used to distinguish 

between different lithologies as well as distinguish different fluids. Figure 3 shows that the VP/VS 

ratio increases with serpentinization except for some samples with low VP/VS and acoustic 



Non-peer reviewed preprint submitted to EarthArXiv 

 

impendence possibly due to very high porosity. Samples that have been less than ~50% 

serpentinized show VP/VS of 2 and acoustic impedance > 17.5 Mkg/m2s whereas samples with 

greater than 50% serpentinization are marked by high VP/VS of 2-2.3 and a lower acoustic 

impedance between 10-15 Mkg/m2s. This provides a clear distinction between highly 

serpentinized samples that might have low potential to generate hydrogen vs samples that might 

yet produce hydrogen.  

 
Figure 3: VP/VS vs acoustic impendence colored as per the degree of serpentinization. 

3.1.3. VP vs VS 

 

Figure 4: VS vs VP and their fitted regression along with popular regression lines for sandstone and mud rock given by (John 
P Castagna, Batzle, and Eastwood 1985; J P Castagna et al. 1993). Points are colored by the degree of serpentinization. 

AVO analysis and VP -VS relations have been key to the determination of lithology and fluids in 

hydrocarbon exploration. As a result, there are a wide variety of published VP-VS relations for 
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hydrocarbon reservoirs and cap rocks. Figure 4 cross plots VS vs VP for rocks relevant to natural 

hydrogen fitted with a linear regression with an R2 of 0.964. Three outlier samples that showed 

high porosity > 5% were not included in the fitting and plot outside the linear fit. Popular sandstone 

(J P Castagna et al. 1993) and mudrock (John P Castagna, Batzle, and Eastwood 1985) lines are 

also shown in Figure 4 highlighting the difference between ultramafic rocks and sedimentary rocks 

but also indicating that the same templates used in hydrocarbon exploration, after adaptation, can 

be used for hydrogen exploration.  

 
3.1.4. Rock Elastic Moduli Changes  

 

 
 
Figure 5: Change in different rock moduli with serpentinization; bulk modulus (top left), shear modulus (top right), Lame's 

constant (bottom left) and Young’s modulus (bottom right) 

 

Bulk modulus (K), shear modulus (𝜇), Lame’s constant (𝜆), and Young’s modulus (𝐸) are 

fundamental parameters quantifying a rock’s mechanical and elastic behavior under stress and 

have been used extensively to infer geomechanical properties, lithology, and fluid content. The 

different moduli show a decreasing trend with serpentinization as expected (Figure 5).   

 

Effective Medium Modeling  
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Figure 6: Bulk modulus(left) and shear modulus (right)  vs serpentinization and effective rock moduli calculated using DEM 

inclusion model with varying aspect ratios (Zimmerman 1990; Norris 1985). 

(R. L. Carlson 2001) fitted a Hashin-Strikman (HS) and Voigt-Reuss-Hill (VRH) average models 

to bulk and shear modulus data for partially serpentinized peridotites from (Christensen 1966; 

Christensen and Salisbury 1972; Christensen 1978). In this study, as shown in Figure 6, we fit a 

Differential Effective Medium (DEM) inclusion model (Zimmerman 1990; Norris 1985) with 

varying aspect ratios. The DEM model allows the addition of inclusions incrementally to the host 

material and tracks the effective properties of the combined medium progressively. The bulk and 

shear moduli of olivine and serpentinite taken for this modeling along with the aspect ratios are 

given in Table 2. The DEM model fits well the data acquired at different locations and from 

variably serpentinized peridotites.  

 
Table 2: Moduli for peridotite and serpentine used for DEM modeling 

Property Olivine Serpentine 

Bulk Modulus (GPa) 130 (Schön 2015) 30 

Shear Modulus (GPa) 70 10 

Aspect ratio  1, 0.3,0.1,0.001 

 

In Figure 7, we model the simultaneous process of increasing serpentinization and hydrogen 

generation as serpentinization proceeds. The total volume fraction of inclusion added at each 

incremental step is partitioned into fractions of incrementally added serpentine and hydrogen. 

Figure 7 (left) is the plot between the fraction of hydrogen generated vs the fraction of 

serpentinization and in Figure 7 (right) we plot bulk modulus vs the % of olivine (i.e., the initial 

protolith). We assume two models for the fractionation between serpentine and hydrogen – a linear 

model and a quadratic model with the ratio of serpentine to the total inclusion volume given by 

equations 1 and 2 respectively. The fraction of serpentine and hydrogen inclusions are calculated 

by equations 3 and 4.  For Figure 7 𝑟0 is 0.7 and 𝑎, 𝑏, and 𝑐 are 0.99, 0.3 and 0.1 respectively.  

 

 

 
 

 
𝑟𝑠𝑒𝑟𝑝𝑒𝑛𝑡𝑖𝑛𝑒 = max⁡(0,min⁡(1, 𝑎 − 𝑏𝜙𝑖𝑛𝑐𝑙𝑢𝑠𝑖𝑜𝑛 − 𝑐⁡𝜙𝑖𝑛𝑐𝑙𝑢𝑠𝑖𝑜𝑛

2) (1) 
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𝑟𝑠𝑒𝑟𝑝𝑒𝑛𝑡𝑖𝑛𝑒 =⁡𝑟0 

 
(2) 

 

  𝜙𝑠𝑒𝑟𝑝𝑒𝑛𝑡𝑖𝑛𝑒 = 𝜙𝑖𝑛𝑐𝑙𝑢𝑠𝑖𝑜𝑛 ⋅ ⁡ 𝑟𝑠𝑒𝑟𝑝𝑒𝑛𝑡𝑖𝑛𝑒 ⁡ (3) 

 

 𝜙ℎ𝑦𝑑𝑟𝑜𝑔𝑒𝑛 = 𝜙𝑖𝑛𝑐𝑙𝑢𝑠𝑖𝑜𝑛 ⋅ ⁡ (1 − 𝑟𝑠𝑒𝑟𝑝𝑒𝑛𝑡𝑖𝑛𝑒)⁡  (4) 
 

 

   

 
Figure 7: (left) Fraction of hydrogen vs fraction of serpentine in the total inclusions for linear and quadratic models, (right) 

bulk modulus vs % olivine composition as serpentinization proceeds with hydrogen generation for both linear and 
quadratic models.  

3.2. Magnetic Susceptibility vs Serpentinization 

 
Figure 8: Magnetic Susceptibility (K) vs % Serpentinization(s) with regression relationship fitted from current study 

and (Cutts et al. 2021) 

Figure 8 shows the variation of magnetic susceptibility with serpentinization, the Cutt’s et al. 

(2021) relation and our fitted relationship with an R2 of 0.12. Broadly, magnetic susceptibility 

increases with serpentinization, due to the formation of magnetite. In general, serpentinization of 

olivine leads to the formation of magnetite, while the serpentinization of orthopyroxene and 
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orthopyroxene-rich rocks often occurs without producing magnetite. Notably, olivine 

serpentinization does not invariably result in magnetite formation. The initial stages of 

serpentinization are marked by a relative scarcity of magnetite, followed by significant magnetite 

formation, accompanied by a characteristic decrease in fluid pH. The formation of magnetite also 

correlates to higher hydrogen generation. This can be measured, and hydrogen generation can be 

approximated using magnetic susceptibility (H. M. Miller et al. 2017). However, the data also 

suggests that based on the variable conditions of serpentinization, the formation and the quantity 

of magnetite varies. Thus, only using magnetic susceptibility as an indication of serpentinization 

is not recommended.  

 

3.3. Cross-Property Relationships 

3.3.1. Magnetic Susceptibility vs Density  

 
Figure 9: Magnetic susceptibility vs Bulk density colored as per % serpentinization  

Figure 9 shows that as density decreases, magnetic susceptibility increases during 

serpentinization. Changes in density during serpentinization is primarily linked to a rock’s 

mineralogy change whereas changes in magnetic susceptibility is related to the concentration and 

distribution of ferro-magnetic minerals such as magnetite. As per Figure 9, <50% serpentinized 

samples do not show a magnetic susceptibility > 20×10-3 (SI) inferring that magnetite might be 

formed in the later stages of serpentinization consistent with observations from (Li et al. 2020b; 

Cutts et al. 2021) and (Bach et al. 2006). (Cutts et al. 2021) argues that there are two magnetic 

susceptibility trends during serpentinization: one involves a 100-fold increase in magnetic 

susceptibility and is followed by most harzburgitic samples, whereas the second involves very 

little change in magnetic susceptibility and is followed by most dunitic samples. (Maffione et al. 

2014) argues that above 60% the system moves from a rock dominated closed system to a fluid 

dominated open system resulting in an exponential increase in magnetite formation. This aligns 

well with Figure 9, where below 50-60% serpentinization, we observe a linear decrease in density 

and almost no increase in susceptibility. Above 60% serpentinization, the magnetic susceptibility 

increases exponentially. Broadly,  although the decrease in density is predictable, the formation of 

magnetite and increase in magnetic susceptibility during serpentinization varies with a lot of 

different parameters namely protolith composition, temperature, water-rock ratio etc,. So, while 
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an increase in magnetic susceptibility indicates the formation of hydrogen and serpentinization, 

the converse might not be true.  

 

3.3.2. Density vs Velocity 

 

Seismic P-wave velocity and density are positively correlated, and both decrease with 

serpentinization ( Figure 10). The dataset is fitted using a power law and a linear model with R2 

> 0.9. These relationships can give a first-order approximation of density if seismic data are 

acquired for hydrogen exploration or to estimate velocity from gravity data. We also plot popular 

relationships for sandstones (Gardner, Gardner, and Gregory 1974), (Godfrey, Beaudoin, and 

Klemperer 1997). 

 
Figure 10: Bulk density vs P-velocity with fitted regression relation plotted along with popular relationships given by 

(Gardner, Gardner, and Gregory 1974; Godfrey, Beaudoin, and Klemperer 1997) for other lithologies. Points are colored 
based on % serpentinization.  

4. Discussion 

 

4.1. Implications for Geophysical Modeling and Interpretation 

 

This study establishes rock physics relationships for different geophysical and rock properties 

during serpentinization that can affect natural hydrogen generation. The established rock physics 

relationships can aid multiphysics interpretation workflows including gravity, electromagnetic, 

electrical, and seismic data to explore geologic hydrogen better. The rock physics relationships can 

further provide constraints to field interpretations and reduce uncertainty. While electrical 

conductivity might be sensitive to the presence of hydrogen, we did not study it extensively here. 

Although a conductivity anomaly is non-unique, the presence of hydrogen has been argued to 

increase the electrical conductivity in tectonic settings such as subduction zones (Yoshino, 

Manthilake, and Pommier 2024). Another factor is changes in seismic anisotropy during 

serpentinization (Christensen 2004; Watanabe, Kasami, and Ohshima 2007). It is argued that the 
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alignment of olivine crystal is weakened during serpentinization leading to the formation of 

relatively isotropic serpentine (Horen, Zamora, and Dubuisson 1996). The current dataset did not 

show any such strong correlation. A more detailed study on seismic anisotropy and serpentinization 

should be conducted.  

 

4.2. Interpretation pitfalls  

 

Based on the composition of the protolith, a wide variety of serpentinization reaction pathways are 

possible (Toft, Arkani-Hamed, and Haggerty 1990). Ultramafic rocks can co-exist with fresh or 
altered mafic rocks such as gabbro, and metagabbro (Figure 11). Serpentinites and serpentinized 

harzburgites show low values for VP and VS but partially serpentinized peridotites are interspersed 

with mafic rocks like diabase, spilite, olivine gabbro and metagabbro (Figure 11). On the higher 

velocity end, peridotites are again separated from the rest of the rocks. This is consistent with the 

observations of (Mével 2003; Richard L Carlson and Miller 1997; Iturrino et al. 1991; Dewandel 

et al. 2003) who propose that P- and S-wave velocities and density of partially serpentinized rocks 

are in the same range as fresh or altered mafic rocks. Thus, only relying on a single physical 

property might not yield accurate predictions about serpentinization. However, integrating 

multiple properties within the geological context would reduce ambiguity.  

 

 
Figure 11: VP vs VS relationship of all the samples compiled colored as per their lithology. 

5. Summary and conclusion 

 

This study investigates the role of rock physics relations in the geophysical interpretation of 

geologic hydrogen resources, with a focus on serpentinization of ultramafic rocks as a natural 

mechanism for hydrogen generation. Serpentinization alters critical rock properties such as 

density, seismic velocities, porosity, and magnetic susceptibility, providing measurable indicators 

for identifying and characterizing hydrogen source rocks and reservoirs. By integrating and data 

mining over 1,000 rock sample measurements from the literature from diverse geological settings, 

this work establishes rock property relationships and models the geophysical responses to 
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serpentinization. These trends can be useful for natural hydrogen exploration and monitoring of 

stimulated natural hydrogen. All the rock physics relations established in this study are collated in 

Table 3. 

 
Table 3: Regression relationships between different physical properties and their respective R-squared values. The 
equations are at pressures < 50 MPa and low temperature.  

Properties Equation(s) R2 

Density vs Serpentinization 𝜌 = ⁡−0.007𝑠 + 3.24 0.888 

P-wave velocity vs Serpentinization 𝑉𝑃 = ⁡−0.035𝑠 + 7.93 0.96 

S-wave velocity vs Serpentinization 𝑉𝑆 = ⁡−0.022𝑠 + 4.3 0.937 

Acoustic Impedance vs Serpentinization 𝐴𝐼 = ⁡−0.152𝑠 + 25.93 0.973 

Mag. Susceptibility vs Serpentinization 𝐾 = 0.002 · ⁡𝑒0.04𝑠  

S-wave velocity vs P-wave velocity 𝑉𝑆 = 0.647 · 𝑉𝑃 − 0.807 0.964 

S-wave velocity vs P-wave velocity and 

Serpentinization 

𝑉𝑆 = 0.  585𝑉𝑃 − 0.002𝑠 − 0.308  0.966 

Density vs P-wave velocity 𝜌 = ⁡1.183⁡ · 𝑉𝑃
0.493 

𝜌 = 0.232 · ⁡𝑉𝑃 + 1.456 

0.905 

0.91 

Density vs P-wave velocity and 

Serpentinization 
 𝜌 = 2.779 𝑉𝑃

0.084 − 0.007𝑠     
 𝜌 = 0.049 𝑉𝑃 − 0.007𝑠 + 2.918 

0.977 

0.978 

 

Despite the advancements presented in this study, challenges remain. Variations in rock properties 

across different geological settings emphasize the need for localized calibration. Furthermore, the 

effects of fluid composition and pressure variations on geophysical responses require more detailed 

investigations. The development of joint inversion techniques and advanced multiphysics 

modeling will be essential for fully exploiting the complementary strengths of different 

geophysical methods. This work not only enhances the understanding of geophysical responses to 

serpentinization but also establishes a rock physics foundation for future research and 

technological innovation in natural hydrogen prospecting.  
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