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Density-depth functions



Densities - Introduction

The gravity signal is an effect of the geometry and density 
distribution of sources

The density contrast between geological structures governs 
the size and shape of anomalies

Absolute densities give the level of the observed anomalies
=> importance for crustal thickness estimates 

Superposition of sources and ambiguity

The observed gravity signal is 
an effect of the superposition  
sources and different scenarios 
can produce the same gravity 
signal: Ambiguity



Relative vs. 
absolute 
densities

Why do the calculated 
gravity effects look the 
same?

Relative vs. 
absolute 
densities

Absolute modelling 
requires choice of a 
reference model, e.g. 
PREM, Crust2.0

How would anomalies 
look like if we modelled 
absolute without a 
reference model?



Relative vs. 
absolute 
densities

Absolute modelling 
requires choice of a 
reference model, e.g. 
PREM, Crust2.0

Important for normal gravity and planetology, but of less 
importance for most geological applications

http://www.geologyrocks.co.uk/

Density distribution in the Earth



Continental lithosphere densities
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Rock types:
BG = basaltic, gabbroic  in oceanic crust
GAG = amphibolitic & granulitic in continental crust
PE = peridotitic, ultramafic
D =  Dioritic (?), possibly amphibolitic
S = sediments
GR = granitc gneissic upper crust
W = water

P-wave velocities (km/s): 
black numbers

Densities (g/cm3):
White numbers

Densities can be 

measured from petrophysical samples

surface sampling, bore-hole logs

petrophysical experiments

converted from seismic velocities

estimated from compaction models





Source:  
Mussett, A. E., Khan, M.A., 2000. 
Looking into the earth. An 
introduction to Geological 
Geophysics. Cambridge University 
Press

Surface densities

Austria

Oslo Graben

Ebbing 2002

Ebbing et al. 2007
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Mantle densities from laboratory experiments



Continental lithosphere densities
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GAG = amphibolitic & granulitic in continental crust
PE = peridotitic, ultramafic
D =  Dioritic (?), possibly amphibolitic
S = sediments
GR = granitc gneissic upper crust
W = water

P-wave velocities (km/s): 
black numbers

Densities (g/cm3):
White numbers

Brocher 2005

Density vs. velocity

Density ρ and velocity have 
in isotrope, elastic media 
simple relations:

κ: compressibility modus
μ: shear (rigidity) modus
E: elasticity module
ν: Poisson ratio
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Brocher 2005

…but Earth is not as simple! Relating density to P-wave velocity

compiled by Laura Marello



Vp-Rho function Rock type Velocity range Remarks

Nafe-Drake
(Ludwig et al. 1970)

sedimentary and 
crystalline rocks 

Vp=1.5-8.8 km/s

Gardner's rule 
(Gardner et al., 1984)

sedimentary rock Vp= 1.5-6.1 km/s 

Godfrey et al. 1997 basalts, diabase & 
gabbros 

Vp=5.9-7.1 km/s

Christensen & Mooney 
1995

crystalline rocks Vp=5.5-7.5 km/s

Hamilton's relation 
(Larsen et al. 1994)

empirical relation from 
152 sediment cores 
(ODP) used for shale

Carlson and Herrick 
1990

continent-ocean 
transition zone and 
oceanic regions

High velocity 
gradient in the 
upper crust 

Birch's law 1961 diabase, gabbro, 
eclogite

Sobolev-Babeyko 
1995

crystalline crust Vp= 6.05-7.8 km/s pressure and 
temperature 
dependent

compiled by Laura Marello

with and

vp-ρ-conversion after Sobolev-
Babeyko

sGPAkmPvp /12.0/ =∂∂

CmkgT °⋅−=∂∂ − ³/109/ 2ρ

Three steps
1. In situ Velocity to normal velocity 

2. Density at normal conditions P0, T0.

3. Normal density to in situ density
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Ebbing et al. 2006

Relating density to P-wave velocity: an 
example from TRANSALP

Relating density to P-wave velocity: Sedimentary rocks

For sedimentary rocks different authors have developed empirical
relations between density and velocity. Some of these 
relations are lithology-specific, and the constants in the 
require adjustments as a of the percentage of sand, shale, and 
limestone present.

FROM HUSTON ET AL., 1992



DENSITY AS A FUNCTION OF DEPTH
Density driven by compaction, not lithology

Due to the depositional environment and tectonic history of the Gulf of 
Mexico (and other similar basins), rock densities of the sedimentary 
section have been found to vary primarily as a function of burial 
depth. This density-depth relationship is attributed to the very thick 
(~6000m) pile of clastic sediments that comprise the the Gulf basin 
onshore and offshore. This density-depth relationships have been 
extensivly used to model gravity anomalies and to identify salt 
structures in the subsurface.

DENSITY VS. DEPTH CROSSPLOT 
FOR OFFSHORE GULF OF 
MEXICO STUDY AREA.  NOTE THE 
PRESENCE OF SALT AT 750 TO 
1000 METERS DEPTH.

Porosity= pore volume / bulk volume

Density= bulk density * (1-porosity)

From:  Allen, P.A. and Allen, J.R., 2005.Basin Analysis: Principles 
and Applications, 2. ed.,Blackwell Publishing, 549 pp.



Giles, M.R., 1997. Diagenesis: A quantitative perspective. For basin 
modeling and rock property prediction. Kluwer academic Publisher, 
Dordrecht. Copied from Allen, P.A. and Allen, J.R., 2005. Basin 
Analysis: Principles and Applications, 2. ed.,Blackwell Publishing, 
549 pp.

In LithoFlex (after Braitenberg et al. 2006, Wienecke 2006):

Thereby is z the depth and Ф0 the initial [Porosity] of the 
sediments at the surface. The bulk density of a rock is 
composed of the [Fluid density] ρf and the [Grain/Rock 
density] ρs related to the porosity of the sediments.
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)65.01(67.265.003.1 0009.00009.0
exp

dd ee −− ⋅−⋅+⋅⋅=ρ

Exponential density function to fit the borehole measurements in the Barents 
Sea. Tsikalas (1992) compiled all available measured density values and 
used a linear relation ship to describe the density increase with depth.

Sensitivity to density

LithoFlex Tutorial, 2008



Questions, comments, remarks?
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