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ABSTRACT

Recent large-scale seismic experiments extended and refined existing crustal models of the Eastern Alps and their surrounding
geologic provinces considerably. However, areas of low resolution and ambiguous interpretation still remain. The integration of
gravity data has the potential to further constrain the seismic models of the crustal structure. In this study we concentrate on the
gravity effect of the upper crust (max. depth 10 km). We apply gravity stripping of the upper crust and investigate its impact on re-
solution of deeper structures, especially the Moho-discontinuity. We derive one density model from a data set of sampled densities,
and two others from relations between seismic velocity and density. Data from the exploration industry are implemented to deter-
mine the densities of Tertiary basins. We calculate the reduced gravity effects of these three models and their corresponding strip-
ped Bouguer gravities. An analysis of the logarithmic power spectrum of the Bouguer anomaly reveals that wavenumbers greater
than k = 21/92 km™ correspond to sources within the upper crust. We apply this wavenumber as a cut-off to separate the Bouguer
anomaly, the reduced gravity effect, and the stripped Bouguer anomalies into high and low wavenumber parts. None of the three
density models implemented in gravity stripping reduce the high wavenumber part of the Bouguer anomaly. However, we find that
long wavelength density variations dominate the reduced gravity effect of the upper crust. Gravity stripping based on density mo-
dels derived from seismic data significantly enhances the main structural features, which can be identified in the Moho depth map
and are compatible with a lower crust — upper mantle density contrast of ~ 300 kg/m®.

Neue, groRraumige seismische Experimente erweiterten und verbesserten bestehende Krustenmodelle der Ostalpen und deren
umgebenden geologischen Provinzen erheblich. Allerdings verbleiben immer noch Gebiete mit niedriger Auflésung oder mehr-
deutiger Interpretation. Die Integration von Schweredaten hat das Potential, die seismischen Modelle der Erdkruste weiter einzu-
schranken. In der vorliegenden Studie konzentrieren wir uns auf den Schwereeffekt der Oberkruste (max. Tiefe 10 km). Wir wenden
Schwerereduktion fur die Oberkruste an und untersuchen dessen Einfluss auf die Auflésung von tieferen Strukturen, insbesondere
der Moho-Diskontinuitat. Wir leiten ein Dichtemodell aus einem Datensatz von Dichteproben ab. Zwei weitere beruhen auf dem
Zusammenhang zwischen seismischer Geschwindigkeit und Dichte. Fir die Festlegung der Dichten Tertidrer Becken werden Daten
der Explorationsindustrie verwendet. Wir berechnen die reduzierten Schwereeffekte dieser drei Modelle und die entsprechenden
reduzierten Bougueranomalien. Eine Analyse des logarithmischen Leistungsspektrums der Bougueranomalie zeigt, dass Wellen-
zahlen Uber k = 2m/92 km™ Quellen innerhalb der Oberkruste zugeordnet werden kénnen. Wir trennen (iber diese Wellenzahl die
Bouguer Anomalie, den reduzierten Schwereeffekt, und die reduzierten Bougueranomalien in hoch- und tieffrequente Anteile. Kei-
nes der drei Dichtemodelle fuhrt zu einer Reduktion der hohen Wellenzahlanteile der reduzierten Bouguer Anomalien. Wir finden
jedoch, dass langwellige Dichtevariationen den reduzierten Schwereeffekt der Oberkruste dominieren. Schwerereduktion auf Basis
der Dichtemodelle, die aus den seismischen Daten abgeleitet wurden, 1aRt die groRraumige Struktur der Moho-Diskontinuitat in den
gravimetrischen Daten wesentlich besser erkennen und ist mit einem Dichtekontrast von ~ 300 kg/m’ zwischen Unterkruste und
oberem Erdmantel kompatibel.

1. INTRODUCTION

The Eastern Alps and their surrounding geologic provinces
pose a continuous attraction to geoscientists. Despite their
large-scale geodynamic evolution being well understood in a
general plate tectonic context (e.g., Stampfli and Kozur, 2006),
specific geologic structures and tectonic processes are still a
matter of debate. Examples for this situation are tomographic
images of the upper mantle, which may be interpreted as a re-
versal of subduction between the European and Adriatic lithos-
phere (e.g., Kissling et al., 2006), or the many uncertainties in

the evolution of the Pannonian basin in between the Alpine,
Carpathian, and Dinaric orogens (e.g., Wortel and Spakman,
2000; Horvath et al., 2006).

For about five decades, active source seismic experiments
contributed significantly to our knowledge of the deep crustal
structure, especially the depth of the Moho-discontinuity (e.g.,
Giese, 1976; Yan and Mechie, 1989; Bruckl et al., 2007 and
references therein). The recent large-scale seismic experi-
ments TRANSALP (TRANSALP Working Group, 2002), CELE-



BRATION 2000 (Guterch et al., 2003), and ALP 2002 (Briickl
et al., 2003) extended and refined existing crustal models con-
siderably. However, areas of low resolution and ambiguous in-
terpretation still remain.

Like seismic investigations, gravity studies have a long his-
tory within the scope of exploration of the deep crustal struc-
ture of the Eastern Alps (e.g., Meurers et al., 1987; Granser
et al., 1989; Lillie et al., 1994; Ebbing, 2004; Ebbing et al.,
2006). A pilot study on the integration of gravity data (Kraiger
and Kihtreiber, 1992) and seismic models derived from the
recent large-scale seismic experiments was carried out by
Briickl et al. (2006). The new Bouguer anomaly map of Cen-
tral Europe, including the Eastern Alps in the investigation
area of ALP 2002, by Bielik et al. (2006) is our motivation to
continue this study on the basis of the new gravity data.

The interpretation of gravity data without additional constraints
is ambiguous. Gravity stripping with the implementation of ad-
ditional geological or geophysical data, however, can tackle
this problem. We apply this technique to the upper crust (max.
depth 10 km) and investigate its impact on the resolution of
deeper structures, especially the Moho-discontinuity.

2. STUDY AREA — GEOLOGY AND CRUSTAL STRUG-
TURE

The study area extends over longitudes of approximately
11°-20°E and latitudes 45°-51°N. The major geological units
belong — from north to south — to the Bohemian Massif, the
Flysch belt and the Outer Carpathians, the Eastern Alps and
the Inner Carpathians, the Southern Alps, the Dinarides, and
the Adriatic Foreland. Penninic windows were exhumed in the
Eastern Alps (Engadin, Tauern and Rechnitz window). Large
Tertiary sedimentary basins are the Molasse basin, the Styrian
and Vienna basins, the Po plain, and the Pannonian basin with
their different depositional centres. Fig. 1 shows these major
geological units superimposed on a digital elevation model.

Crustal structures of high relevance for gravity studies are
the Tertiary sedimentary basins, especially knowing the depth
of their base. Fig. 2 shows this data in our area of interest.
Another source which contributes to variations of the gravity
field is the density contrast between lighter crustal rocks and
the denser mantle at the Moho-discontinuity. Behm et al. (2007)
generated a map of the Moho depth from data of the CELE-
BRATION 2000 and ALP 2002 seismic experiments. To the
west, we also integrated the results of the TRANSALP tran-
sect (e.g. Lischen et al., 2004; 2006). This map has been ex-
tended using data from Ziegler and Dézes (2006) to supply
Moho depths for the whole study area (Fig. 3).

3. BOUGUER ANOMALY

We used the Bouguer gravity data from Bielik et al. (2006),
which covers most of our investigation area. Inside Austria,
this data is identical to the Bouguer gravity map of Meurers
and Ruess (2007). Areas which are not covered by the gravity
data of Bielik et al. (2006) have been supplemented by the re-
gional Bouguer gravity map of the West-East Europe Gravity
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FIGURE 1: Investigation area: major geological units superimpo-
sed on DTM. The geological units were generalized after Schmid et al.
(2004), Oberhauser (1980), and Franke and Zelazniewicz (2000).

Project, WEEGP (http:/www.getech.com). The original data
have a grid spacing of 2x2 km (Bielik et al., 2006) and 9.2 x
9.2 km (WEEGP). We resampled the data to the grid spacing
of the Moho map (20x20 km grid) after smoothing with a Han-
ning convolution matrix in order to homogenize the gravimetric
and seismic data sets (Fig. 4). A first comparison between the
Bouguer anomaly (BA) and the Moho depths (Fig. 3) shows a
negative correlation, as expected from isostasy. The effect is
very pronounced for the main body of the Eastern Alps, the
Pannonian basin, and the Po plain. The negative correlation
can be recognized, but is less prominent for the West Carpa-
thians and the Dinarides.

The 2D power spectrum E(k) of the BA is shown in Fig. 5.
The wavenumber (k) is related to the wavelength (A) in the
horizontal X-Y plane by k = 2m/A. Furthermore, were averaged
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FIGURE 2: Investigation area: depth of Tertiary basins superimpo-
sed on DTM.



47

46°

b
<

13° 14 1, e 70 g0 197 20

FIGURE 3: Moho depth map (Behm et al., 2007) and Moho depth
at TRANSALP (Luschen et al., 2004); colour code shows data, contour
lines interpolate data areas. This compilation has a grid spacing in X
and Y of 20 km. The data are smoothed by convolution with a Hanning
3x3 matrix.

the spectral amplitudes over wavenumber intervals of k = 21/
620 km™ concerning smoothing.

If the potential field observed at a constant depth h exhibits
a white power spectrum, then the power spectrum of the field
observed at the surface (h=0) is proportional to exp(-2hk) and,
therefore, the slope of In(E) over k at the surface is -2 h (e.g.,
Cianciara and Marcak, 1976; Buttkus, 1991). We approximated
the logarithmic power spectrum In(E) by 2 straight lines with
different slopes, which represent randomly distributed point
sources at maximum depths of 40 km and 12 km. The value
with the lowest wavenumber does not fit to the straight lines
and indicates even deeper sources (Fig. 5).

Depth estimates on the basis of logarithmic power spectra
represent the maximum depth in which randomly distributed
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FIGURE 4: Bouguer anomaly (Bielik et al., 2006).

point sources could be located. Therefore, the depth estima-
tes of h = 40 km correspond to Moho topography and long
wavelength crustal density variations. The depth estimates of
h =12 km correspond to density anomalies in the upper crust,
probably at less than 10 km depth. The power spectrum was
decomposed into a long wavelength and a short wavelength
component. When choosing the cut-off wavelength we used
the intersection of the 2 straight lines in Fig. 5. The cut-off
wavelength of the high pass is 92 km (k = 0.0685 km™) and
the slope of the filter is -3.3dB/ 0.01k. The filters are chosen
so that the sum of high and low pass filtered field gives the
same power spectrum as the non-filtered field. The corres-
ponding low and high pass filtered Bouguer anomalies (BA_Ip
and BA_hp) are shown in Fig. 6a (BA_Ip) and Fig. 6b (BA_hp).
A comparison of BA (Fig. 4) with BA_Ip and BA_hp suggests
that BA is dominated by the low wavenumber structures (A >
92 km). At first glance, BA_hp may appear to be a random
pattern. However, a closer inspection shows several features,
which correlate well with surface geology. We marked two gra-
vity lows and one gravity high in Fig. 6b; that is, the Tauern
Window, the Vienna basin, and the Gurktal nappes. Other
high-wavenumber anomalies, not identified in Fig. 6b are, for
example, the Eger-Graben, the Bohemian Batholiths, the Mid-
Hungarian Range, and Istria.

4. DENSITY DATA
In the following, we consider the different sources of infor-
mation of upper crust density used for our study.

4.1 APPARENT DENSITY

Granser et al. (1989) used the high wavenumber component
(k < 21/100 km) of the Bouguer anomaly (BA) map by Senftl
(1965) to calculate the apparent density. According to their
analysis of the power spectrum, the maximum depth of the
corresponding sources is 9 km. An algorithm based on convo-
lution of the high wavenumber component of the BA was ap-
plied to calculate the apparent density. Therefore, the gravity
effect of a crust with apparent density perfectly matches the
high pass filtered BA. The investigation area of Granser et al.
(1989) is not identical with our region of interest. Fig. 7 shows
the apparent density data available in our area. When com-
paring the apparent density in Fig. 7 with BA_hp in Fig. 6b,
the same structures can be identified. Stripping the gravity ef-
fect of the upper crust from the BA with a density model based
on the apparent density is identical to low pass filtering. Diffe-
rences to our data arise only because Granser et al. (1989)
had the older data set of Senftl (1965).

4.2 DENSITIES OF TERTIARY BASINS
Hydrocarbon exploration in Tertiary basins yielded a wealth
of density information about these strata. Here we present
existing relations derived by regression for the different ba-
sins. Information on the density of the Tertiary basins was
considered to be the most accurate. Therefore, it will be used
in all our density models. In all relations, density (p) will be in



kg/m® and depth (z) from surface in km.

4.2.1 MOLASSE BASIN

Fischer (2004) derived the following depth-density
relationship for the Molasse basin from seismic check shot
data and their conversion to densities. The check shot data
were supplied by courtesy of RAG (Rohdl-Aufsuchungs
Gesellschaft m. b. H., Wien):

p =2710 — 400 exp(-0.75*z).

4.2.2 VIENNA BASIN

Granser (1987) used the following depth-density function gra-
vity modelling of the Vienna basin:
p = 2650 — 450+exp(-0.65*z).

4.2.3 STYRIAN BASIN

For the gravity modelling of the Styrian basin, Sachsenhofer
et al. (1996) introduced the depth-density function:
p = 2710 — 510-exp(-0.65*z).

4.2.4 PANNONIAN BASIN

For the gravity modelling of the Pannonian basin, we trans-
formed the discrete depth-density data supplied by Makaren-
ko et al. (2002) into the following third-order polynomial:
p = 2140 + 220°z— 37.422+ 2.587°.

We use the same depth-density function for the Po plain as
for the Molasse basin.

4.3 DENSITIES FROM SAMPLES

A surface density model has been derived in Austria and the
surrounding areas mainly by density measurements of rock
samples collected at the surface or near-surface locations (e.g.,
Meurers et al., 1990; Granser et al., 1983; Walach, 1987). The
latest version of this model, which also considers the sea, has
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FIGURE 5: Wave number analysis of Bouguer anomaly; (a) loga-
rithmic power spectrum and maximum depth of sources derived from
slope of regression lines.

been provided by B. Meurers (pers. communication). Fig. 8a
shows this density model for our study area. A comparison of
the density map with the geological map shows clearly that
density values were treated separately for the different geo-
logical units.

In our investigation, we test if these surface densities are
representative for the whole upper crust and useful for gravity
stripping. We are aware that this was not the original purpose
of the density model. However, Granser et al. (1989) did find
some correlations between apparent density of the upper crust
and the surface density model. It would not make sense to
extrapolate surface densities of Tertiary basins and similar
sediments through the upper crust. Only Mesozoic rocks or
the crystalline basement exposed at the surface could yield
an acceptable estimate of the density of the basement. We
considered only surface densities >2450 kg/m’® for a density
estimate of the crustal basement, which was roughly identical
to the exclusion of the Tertiary basins, the Quaternary valley
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FIGURE 6: Bouguer anomaly; (a) low-wavenumber component; (b) high-wavenumber component; the two ellipses and the circle mark geologic units
representing density contrasts (1 — Tauern window, 2 — Gurktal nappe, 3 — Vienna basin).
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FIGURE '7: Apparent density (Granser, 1989); the two ellipses and
the circle mark the same geologic units as in Fig. 6b.

fills and the Flysch belt. Fig. 8b shows this density data extra-
polated to the whole investigation area.

5. DERIVATION OF DENSITY FROM SEISMIC DATA

Relations between seismic velocity (mainly P-wave velocity,
Vp) and rock density (d) have been established from global da-
ta, as well as from data collected during hydrocarbon explora-
tion and similar activities. The CELEBRATION 2000 and ALP
2002 seismic experiments (Guterch et al., 2003; Brickl et al.,
2003) brought a wealth of new data on seismic velocities,
which we intend to use for the determination of a density mo-

13° 15° 17°

1600 2000 2400

19°

Oliver SIMEONI & Ewald BRUCKL

del of the upper crust. Fig. 9 shows depth slices at 0 km, 5 km,
and 10 km through the 3D P-wave velocity model of Behm et
al. (2007). Near surface, at the depth z = 0 km, the low velo-
cities of the Tertiary basins are the dominating structures. At
z =5 km and even at z = 10 km, we still see relatively low ve-
locities below the basins. Relatively high velocities form a belt
north of the Tauern window. An exceptional velocity high cor-
relates roughly with the Adriatic foreland. We apply the follo-
wing Vp—density relations to convert the Vp-model to a density
model. In the formula given below, Vp is given in km/s and the
density (p) again in kg/m’.

5.1 GARDNER

Gardner’s rule (Gardner et al., 1974) has been derived for
sedimentary rocks (Gulf of Mexico).
p = 1740-Vp"™.

5.2 NAFE-DRAKE

In this paper, we use the polynomial approximation of the
Nafe-Drake Vp-density relation given by Brocher (2005). Like
the Gardner relation, this is based on data from the Gulf of
Mexico.
p = 1661+Vp — 472:Vp’ + 67.1:Vp® — 4.3+Vp* + 0.106Vp°.

5.3 CHRISTENSEN-MOONEY

We use the following Vp—density relation derived by Chris-
tensen and Mooney (1995) for the upper crust:
p = 983.3+289.1-Vp.

5.4 SoBOLEV-BABEYKO
Sobolev and Babeyko (1994) reduced the in-situ velocity Vp
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FIGURE 8: Densities from samples with a grid interval in X and Y of 6.4 km.; (a) whole data; (b) inter- and extrapolated data representing basement

below Tertiary basins and Flysch belt.
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to the corresponding value Vp, at the surface, considering a
temperature (T) dependence of -4.5 10™ km s"/°C and a pres-
sure dependence of 0.12 km s"/GPa. We assume a tempera-
ture gradient of 25 °C/km and a pressure gradient of 0.0275
GPa/km. Thereafter, Vp, is converted to density at surface
conditions (p,) by:

p, = 446+Vp, - 74.

This relation is valid for 6.05 km s < Vp < 6.95 km s™. How-
ever, as no relation is given for Vp below 6.05 km s, we also
apply it to the lower Vp values. The final step is the transfor-
mation of d, to the in-situ density (p), assuming a temperature
dependence of -0.09 kg m®/°C, and pressure dependence of
50 kg m*/GPa.

5.5 CORRELATION OF VP WITH DENSITY FROM
SAMPLES

We investigate the correlation of Vp with the density from
samples in the area outside the Tertiary basins. The question
is, if we should take Vp from the surface (z = 0 km), or from
some deeper level. Fig. 10 shows the average Vp velocity over
depth calculated from all values outside the Tertiary basins.
From surface to a depth of about z = 4.5 km, we observe a
significant, but continuously decreasing gradient with depth.
We interpret this velocity gradient as the closure of voids (open
cracks and similar) due to increasing pressure and not as an
effect of changing lithology. In case the density from samples
represents the rock mass, including the effect of voids, the
correlation with Vp at z = 0 km (open cracks) would be appro-
priate. In case the density of samples represents the rock ma-
terial without the effect of open cracks etc., the correlation with
Vp at z = 4.5 km (closed cracks) would be more adequate.

Fig. 11 shows correlations of density from samples with Vp
(@) at z = 0 km, and (b) at z = 4.5 km. The centre of mean
density data and the Vp-density relations of Nafe-Drake, Gar-
dener, Christensen - Mooney, and Sobolev - Babeyko are al-
so plotted. Both correlations have approximately the same
slope. The linear correlation of density from samples with Vp
at z = 0 km (Fig. 11a) yields systematically higher densities

4.0 4.5

Reduced gravity effect Stripped
Density model of upper crust Bouguer
(0-10 km depth) Anomaly

RG_S BA_S

RG_C BA_C

RG_L BA L

TABLE 1: Investigation area: major geological units superimposed
on DTM. The geological units were generalized after Schmid et al.
(2004), Oberhauser (1980), and Franke and Zelazniewicz (2000).

than the other relations. The coefficient of determination is
r’=0.034. The linear correlation with Vp at z = 4.5 km (Fig. 11b)
fits closely to the Gardner relation. The coefficient of determi-
nation is r’=0.047. Nafe-Drake and Christensen - Mooney are
also close to the data centre of the densities from samples,
but have a steeper slope. The Sobolev - Babeyko relation
yields systematically lower densities for Vp taken from z = 0 km,
as well as from z = 4.5 km. Because of the better fit of density
from samples with Vp at z = 4.5 km with the other relations,
we assume that the density from samples represents the den-
sity of the rock material and not the rock mass.

The new relation between density from samples and Vp at
z = 4.5 km (Fig. 11b) is:
p = 2072 + 108.2+Vp.

The new relation will be referred to as the “local relation”
from here on. It is very similar to the Gardner relation in the
Vp-range of 5.6 — 6.4 km/s.

6. DENSITY MODELS AND GRAVITY STRIPPING

We construct three density models of the upper crust. These
models have the density of the Tertiary basins in common,
which is given by the depth-density relations mentioned in
4.2. Inner-Alpine basins or deep valleys are not considered.
The three models are identified by the extensions S, C, and
L, and differ by the method we applied to determine the den-
sities below the Tertiary basins:

® S — density from samples with interpolated values in the

L] ..1r

5.5 6.0 6.5 7.0 [km/s]

FIGURE 9: Depth slices at (z=0 km, 5 km, and 10 km) through the 3D Vp-velocity model of the upper crust (Behm et al., 2007).
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areas of the Tertiary basins according to Fig. 8b,

® C — Vp of the 3D seismic model converted to density by

the Vp-density relation of Christensen - Mooney,

® L - Vp of the 3D seismic model converted to density by the

local Vp-density relation.

In order to reduce boundary effects in our calculations of the
gravity effects, we extended the density model by 200 km in
all directions. For this extension, we took a constant density
of p = 2670 kg/m® for the basement. The depth-density rela-
tions given in chapter 4.2 were also applied to the Tertiary
basins in the extended area. The Adriatic Sea was approxi-
mated by a constant depth of 100 metres and a density of
d = 1000 kg/m®. The gravity data over the Adriatic Sea are
Free Air anomalies.

We calculated the gravity effects of the three density models
by the method of Nagy (1966) for rectangular prisms with
length x width x height = 20 km x 20 km x 1 km. As a reference
we chose a homogeneous crust with a constant density of
2670kg/m® and 10 km thickness. These gravity effects of the
different density models were reduced by the gravity effect of
a homogeneous upper crust. Thereafter, gravity stripping of
the upper crust was applied to the Bouguer anomaly (BA) by
subtracting the different reduced gravity effects. The abbrevi-
ations subsequently used are compiled in Table 1. We also

2900 1— a)

2850 ++

2800

2750

2700

2650

Density [kg/m’]

2600

2550 |-

2500

52 54 56 5.8 6.0 6.2
Vp (z=0km) [km/s]

applied high-pass (hp) and low-pass (Ip) filtering to different
reduced gravity effects and stripped Bouguer anomalies as
described before. We identify the high-pass and low-pass com-
ponents of this data by the extensions _hp and _Ip.

The reduced gravity effects for the different density models
are shown in Fig. 12 together with their high and low pass fil-
tered versions. The corresponding maps of the stripped Bou-
guer anomalies are shown in Fig. 13. Wavenumber filtering
produces edge effects, which have no relation to geological
structures. Therefore, we concentrate our further analysis of
the filtered data on a restricted area and neglect an 80 km
wide outer rim of the total area.

Afirst inspection of Figs. 12 and 13 reveals that the low wave-
number component dominates the reduced gravity effects
(RG_*) and the stripped Bouguer anomalies (BA_*). Further,
the gravity range of RG_C is significantly higher than the gra-
vity ranges of RG_L and RG_S. Apparently, gravity stripping
by RG_C modifies the BA the most. This also becomes evident
if we consider the relations between the gravity effect caused
by the varying Moho depth and BA_Ip, BA_S_Ip, BA_C_Ip and
BA_L_Ip (Fig. 14). We calculated this gravity effect with a con-
stant density contrast of 300 kg/m’ between lower crust and
upper mantle, relative to an average Moho depth of 33 km by
the method of Nagy (1966). The slopes of the cross plots of
BA_lp, BA_S_Ip, BA_C_Ip, and BA_L_Ip over the gravity ef-
fect of the varying Moho depth deviates from 1:1, indicating
that the density contrast was not chosen properly. In order to
establish a 1:1 relation we multiplied 300 kg/m® with the slope
of the trend lines and obtained the density contrasts between
the upper mantle and lower crust for each BA_*_Ip and BA_Ip
(Table 2). Gravity stripping by the models based on seismic
data (BA_C_Ip and BA_L_Ip) lead to density contrasts near
300 kg/m®, BA_S_Ip and BA_Ip suggest significantly lower
values.

Next, we consider correlations of the high wavenumber com-
ponents of the reduced gravity effects (RG_*_hp) with the high
wavenumber component of the Bouguer anomaly (BA_hp).
BA_hp must have its sources within the upper crust. There-
fore RG_*_hp should approximate BA_hp. All reduced gravity

_b)i,

2900
2850 - s pr
N -
* -
2800 Db e
2750 .
2700 = Rats *  Surface density
- A [ Regression
2650 | o=="" T |
i ,,’ Y wennenenes Gardner
-
2600 . - 1 Pz 1 | ------- Nafe-Drake
-~
2550 [ + // : . ==== Christensen-Mooney
o —— — Sobolev-Babeyko
56 58 6.0 6.2 6.4

Vp (z=4.5 km) [km/s]

FIGURE 1 1: Correlations of density from samples with Vp (a) at z = 0 km, and (b) at z = 4.5 km; large square represents centre of the density data;
lines show the Vp-density relations of Nafe-Drake, Gardner, Christensen - Mooney, and Sobolev — Babeyko.
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effects indicate low correlations. The variances of BA_hp,
BA_S_hp, BA_C_hp, BA_L_hp are compiled in Table 3. The
variances of BA_S_hp, BA_C_hp, and BA_L_hp are in a simi-
lar range, but about 50% higher than the variance of BA_hp.
Therefore, we state that none of the three density models ap-
proximated the real high wavenumber density anomalies in
the upper crust to a sufficient degree of accuracy. Recently
Meurers and Ruess (2009) presented a new Bouguer gravity
map of Austria. They found that the implementation of surface
density data (Granser et al., 1983) into the mass reduction
may have an effect of up to 20 mGal. This aspect should be
considered in future studies.

-60

BA_lp BA_S Ip
197 kg/m?

BA_C_lIp
322 kg/m?

BA_L_Ip
279 kg/m?

245 kg/m?

TABLE 2: Density contrast between lower crust and upper mantle
estimated from the relation between Moho depth and Bouguer anomaly
(BA) and stripped Bouguer anomalies (BA_*).

The performance of gravity stripping by the S, C, and L den-
sity models is poor in the high-wavenumber component of the
power spectrum. However, as the high-wavenumber compo-
nent is small compared to the low-wavenumber component,
this is not a severe disadvantage. The low-wavenumber com-

-40 -20

FIGURE 1 2: Reduced gravity effects of upper crust; column 1: RS_S in row 1, RS_C in row 2, RS_L in row 3; column 2: low pass components;
column 3: high pass components; shading of the outer rim of filtered data indicates possible edge effects.
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BA_hp BA_S_hp BA_C_hp BA_L_hp

33 mGal? 49 mGal? 54 mGal? 48 mGal?

TABLE 3: Variances of the high wave number components of the
Bouguer anomaly (BA_hp) and the stripped Bouguer anomalies (BA_S_hp,
BA_C_hp, BA_L_hp).

ponent is significantly enhanced by gravity stripping with the
C and L density model. A criterion to opt for the C model could
be that BA_C best matches the Moho topography, especially
at the bifurcation between the Eastern Alps and the Dinarides,

and the transition from the thicker Alpine to the thinner Pan-

Oliver SIMEONI & Ewald BRUCKL

nonian crust (Fig. 13). We assembled diagrams of the BA, the
Moho depth, and BA_C in Fig. 15 and chose an appropriate
colour code to emphasize this effect of gravity stripping.

7. CONCLUSIONS

During the last decade, large-scale seismic experiments mar-
kedly increased our knowledge about the crustal structure of
the Eastern Alps. The integration of new Bouguer gravity data
(Bielik et al., 2006; Meurers and Ruess, 2007) has the poten-
tial to further refine and extend the image of these deep struc-
tures. The Bouguer anomaly clearly reflects the large lithos-
pheric structures, especially the Moho depth. However, den-

50 [mGal]

FIGURE 1 3: Stripped Bouguer anomalies; column 1: BA_S in row 1, BA_C in row 2, BA_L in row 3; column 2: low pass components; column 3:
high pass components; shading of the outer rim of filtered data indicates possible edge effects.
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FIGURE 1 4: Cross plots of (a) low pass filtered Bouguer anomaly (BA_Ip) and (b — d) low pass filtered stripped Bouguer anomalies (BA_S_Ip, BA_C_Ip,
BA_L_Ip) over the gravity effect related to the varying Moho depth, assuming a density contrast of 300 kg/m® between lower crust and upper mantle.

sity anomalies in the upper crust severely distort the Bouguer structural interpretation.

anomaly and make the interpretation ambiguous. Gravity strip- Spectral analysis of the Bouguer gravity data showed that the
ping provide an appropriate technique to reduce this ambiguity wavelength A < 92 km is due to density anomalies located in
and to enhance the benefit of integrating gravity data into the the upper crust. We used this wavelength to separate gravity
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FIGURE 1 5: Comparison of Bouguer anomaly BA (left), Moho depth (middle), and stripped Bouguer anomaly BA_C (right).



signals into their high- and low-wavenumber components. The
high-wavenumber sources have a maximum depth of 12 km
and are therefore most probably located in the upper crust (<
10 km), while the low-wavenumber component is dominated
by the deep structures (e.g. Moho), but can also have wide
spreading sources in the upper crust. Optimal gravity stripping
of the upper crust should result in a suppression of the Bou-
guer anomaly’s high-wavenumber component and a compen-
sation for the low-wavenumber component in the upper crust.

We generated three density models; one based on density
data from samples (S), two others derived from Vp-density re-
lations (C and L). The relation between Vp in the upper crust
and density from samples indicates that these densities repre-
sent the rock material and not the in-situ rock mass including
voids. The densities of Tertiary basins were taken from depth-
density relations established in the course of hydrocarbon ex-
ploration. The high-wavenumber components of the reduced
gravity effects of all density models show low correlations with
the high-wavenumber component of the Bouguer anomaly,
and gravity stripping increases high-wavenumber noise. The
low-wavenumber components dominate the reduced gravity
effects and the stripped Bouguer anomalies. A comparison of
the Bouguer anomaly (BA) and its stripped versions (BA_S,
BA_C, BA_L) with the Moho depth map shows that stripping
based on density models derived from seismic data (C and L)
significantly enhances the main deep structures perceived in
the gravity data. Furthermore, these stripped Bouguer ano-
malies (BA_C and BA_L) correlate well with the gravity effect
related to the varying depth of the Moho and are compatible
with a density contrast between lower crust and upper mantle
of ~ 300 kg/m®, a widely accepted value.
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