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Density-depth functions

 Densities

 Velocity-density relations

» Density-depth functions
—in general

— for sediments

» Compaction models
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LA _ Superposition of sources and ambiguity
Densities - Introduction

Anomaly

)\

The gravity signal is an effect of the geometry and density

distribution of sources A The observed gravity signal is
IR 2 ..
' _ v T an effect of the superposition
The Qen5|ty contrast between.geologlcal structures governs Deptn D sources and different scenarios
the size and shape of anomalies can produce the same gravity
Gravity signal: Ambiguity
Absolute densities give the level of the observed anomalies L

=> importance for crustal thickness estimates
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Relative vs.

Relative
absolute
densities _
Why do the calculated i i
gravity effects look the .
same?

Relative

Relative vs.
absolute
densities

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

How would anomalies

absolute without a
reference model?

Relative
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Relative vs.
absolute
densities

Absolute modelling
requires choice of a
reference model, e.g.
PREM, Crust2.0
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Density distribution in the Earth
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http://www.geologyrocks.co.uk/

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

©




- -

Continental lithosphere densities _ b\
 Densities can be

Ocean Shelf Variscides ~ Shield Orogen

= measured from petrophysical samples
= surface sampling, bore-hole logs

= petrophysical experiments

converted from seismic velocities

= estimated from compaction models
Z (km)
Rock types:
BG = basaltic, gabbroic in oceanic crust P-wave velocities (km/s):
GAG = amphibolitic & granulitic in continental crust black numbers
PE = peridotitic, ultramafic
D = Dioritic (?), possibly amphibolitic Densities (g/cm3):

S =sediments White numbers
GR = granitc gneissic upper crust O
W = water




Qi E AW
Basie equation: oz Zp; J‘_
il

Dapspirescan be gstmantegd by ﬁwﬂ}'swﬂ. prepsirenie (a e Tl or gaboulated onr sepsums
velesries watve - amd 5 veleg iy regonstrnn fonsiny and Rateral preperes

I:Erhn e

L imEiang

Sl o dlius

San
==

It L i L Il 1 It L L
L 1.8 s} it & FL Zn L1}
Denaity, gfcm?
Fig. =8 8 prreent iducial Hmilts of small-speeimien biilk densities of sarlebs
kinds of rocks, [Frem Bireh ()]

CAR Mfﬁ:%'ﬁ DATABASE, 1984

T

am




\
Table 8.1 Densities of some rock types
Density (Mg/m’}
Unconsolidated
clay 1.5-26%
sand, dry 1.4-1.65
sand, saturated 19-21
Sediments
chalk 1.8-2.5
coal, anthracite 1.3-18
coal, lignite 1 5
dolomite 2.3-29
limestone 2.0-2.7
salt 21-26
sandstone 2.0-26
shale 2027
lgneous and metamarphic
andesite 24-28
basalt 2.7-3.0
aneiss 26-3.0
granite 25-28
peridotite 28-32
quarzite 2.6-2.7
slate 2628
Minerals and ores
barite 4.3-4.7
chalcopyrite 41-43
galena 7.4-76
haematite ore 4.9-53
magnetite ore 49-53
pyrite 4.9-5.2
sphalerite 3540
Other
oil 0.6-09
water 1.0-1.05

*The ranges of values (taken fram a variety of sources) are
approximate, Densities depend partly on whether the rock is
weathered and the degree of its poresity.

Source:

Mussett, A. E., Khan, M.A., 2000.
Looking into the earth. An
introduction to Geological
Geophysics. Cambridge University
Press
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Mahﬂg_densities from laboratory experiments

Hawaiian pyrolite density

P [GPa]

Nina Simon, PGP 2007
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Continental lithosphere densities Density vs. velocity
Ocean Shelf Variscides ~ Shield Orogen 15 P c,fg’;g’;,,‘ P ].)e‘nsity p and Ve.locity have
o~ AN in isotrope, elastic media
E gabbros e i : .
227 ema ) simple relations:
- | Gardiner et b =,
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GAG = amphibolitic & granulitic in continental crust black numbers e E elaSthltY mOdule
PE = peridotitic, ultramafic E . : :
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Brocher 2005




Poisson’s Ratio

..but Earth is not as simple!

0.5 T ; ©
B Key - 5.0
S ; @ aver. of crystalitg rocks (Christensen, 1996) e
| 3 Aver. of sed. rocks (Mavko et at,, 1983) ’
" e individual lab. messurement (Calit) 3.06
© = o Indvicual fab. measurement (Norr Cailt) -| 2.9
0.4 i *  Indlvidual borehole measurement (Callf,) 9.48
* USES 30-m VSP (Boore, 2003
227
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Density (g/cm3)

Relating density to P-wave velocity

24g¢
1.75-1¢*

Christensen and Mooney, 1995
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Birch's law, 1961
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Carlson and Herrick,1990

Vp (km/s)

compiled by Laura Marello
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Nafe-Drake
(Ludwig et al. 1970)

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

Godfrey et al. 1997
Christensen & Mooney

1995

Hamilton's relation
(Larsen et al. 1994)

Carlson and Herrick
1990

Birch's law 1961

Sobolev-Babeyko
1995

sedimentary and
crystalline rocks

Vp=1.5-8.8 km/s

sedimentary rock Vp= 1.5-6.1 km/s

basalts, diabase &
gabbros

Vp=5.9-7.1 km/s

crystalline rocks Vp=5.5-7.5 km/s

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

continent-ocean
transition zone and
oceanic regions

diabase, gabbro,
eclogite

crystalline crust Vp= 6.05-7.8 km/s

Vp-Rho function Rock type Velocity range

High velocity
gradient in the
upper crust

pressure and
temperature
dependent

compiled by Laura Marello 0
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Three steps
1. In situ Velocity to normal velocity

Vpo 3 Vp(ln_sllu) aP

with 6év, /0P =0.12km/sGPA  and ('7‘vp/6T:—4.5-104km/S°C

2. Density at normal conditions P, T,,.
Po =0.446-v, —0.074 for

Lo :0.487~vp0 -0.359 for
3. Normal density to in situ density

6.05km /s < v, S 6.95km/ s
6.95km/s < v, < 7.80km/ s

op op
Pin_siy = Po T P P+ T (T-T,)

with  9p/0P=0.05g/cm*GPa and  9p /8T =-9-10kg / m*C




Relating density to P-wave velocity: an
ALP

s Bl 2006

Relatin(:i] 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.
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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.

RHOB / DEPTH / GR / CROSSPLOT

|

Figure 4. Crossplot of depth versus density showing extrapolation of curve
through salt and scatter.

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)

For normally pressured sediments, the

variation of porosity ¢ with depth y is given by

@ =g 9. 16¢

where ¢ is a cocflicient determining the slope of the ¢
depth curve, 3 s the depth, and @, s the porosity at the

surface. In other words, the surface poresity declines 1o
depth of 1/ ckm |

L/eof its original surface value at 3
920 On & depth versus log porosity graph, the value of
¢ i the mverse of the rate of change of porosity with
depth, The coeflicient ¢ can therefore be estimated if' a

aumber of porosity measurements can be made, for
ative borehole

example from a sonic log [rom a represe

in the basin, This relationship has been applied w a

range of different lithologics, each with its own value of
sclater and Christie 1580; Halley and Schmoker 1983)

(Table 9.1)

Parosity & g
—

-/

*— Depth y

From: Allen, P.A. and Allen, J.R., 2005.Basin Analysis: Principles|
and Applications, 2. ed.,Blackwell Publishing, 549 pp.
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Fig. 9.3 Compilation of porosity-depth curves for sandstones
(a). shales (b], and carbonates {¢). Sources of datascs in Giles
{1997). Note that shales compact carly compared o sandstones.
The porasity—depth relation for carbonates varies according to
grain types and amount ol cementation. Reproduced courtesy
of Springer,

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

pld)=, oS pp+1-D, 'e_b‘z)'ps

Thereby is z the depth and @ the initial [Porosity] of the
sediments at the surface. The bulk density of a rock is
composed of the [Fluid density] p;and the [Grain/Rock
density] p, related to the porosity of the sediments.

©




k. Pexp:1'03'0-65'€_0'0009j +2.67°(1—0.65-e_0'000%)

2800 1

2600 |

—— exponential function

density [kg/m"]

2000

1800

T T T T T T T
[ 1 ™

O % 2 ¥ WV o h gD depthlkm] R > ®

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.
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Questions, comments, remarks?
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