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CONSTRAINTS ON LITHOSPHERIC STRUCTURES OF THE EASTERN ALPS FROM GRAVIMETRY
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3D Seismic Model of the Eastern Alps derived
from CELEBRATION 2000 and ALP 2002 Data
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Tha Eastern Alps and their transition to the surrounding tecionic provinces (Bohemian
Massif, Carpathians, Pannonian domain and Dinarides) include the ransition fFom the
head on collision babaean the European and the Adriadic-Apulian plates in the central
part of the Eastern Alps. the extrision of the eastern part into the Pannonian domain
and the transition of the Eastern Alps io the Dinandes {Figure 1}. This area was
investigated by two recent 30seismic refraction experiments in Central Europe,
CELEBRATION H000 and ALP 2002 Data from the 5” deployment ol CELEBRATION
2000 (55 shots, 544 recaivers and a lotal profile kength of 2 800 kmjp and ALF 2002 (38
shods, 947 receivers and a fotaf profile lengih of 4 300 km) has been merged (Figure
20, A 30 velocily moded of the Powave velocily structure of e crust and the Moho
discontinuity has been derived from Pg-diving wave lomography (Figures Ja-c), Pn-
delay time decomposilion and PmPawide angle reflections. (Figures 4 and 5)
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Incomplete Velocity Information
about the aner Crust

Figura ¥: Prokminary model of Se average
Pwarae wedoody of the crust beteeen Z = 10
kem and the Mcho

The velacity information about the crust is not complete, since in mosl areas
i dlivimg wane lomograghy does nol penetrte down o e Mobo (Figure
). & preliminary model of the average Powave velocity of the croest betwesen
Z =10 km and the Moho was construcied by estimating the P-wave velocty
batwean the madmum penetration depth and the Moho from Yimo
velocities denived from a PmP-wekocity analysis. Furthermore, constraints
from global (Cheistensen and Mooney, 1995) data wera used i order to
exciude unreasonable interval velocities
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Additional Constraints from Gravity
and Isostatic Equilibrium

Figpore 8. Bouguer granety map of S inveshgarton
area compiled from "Mew Austrian Souguer Map”
|Krasgar and Kihire e ) and WEEGF data
Addilional consirainls on the velocily of e lower crust (below the penelration deplh of
fhe diving wave temography) can be derived from gravity and is0slasy assuming a
chelinibe relation bebwesn Pavave velocily and gensity, The Christensen and Mooney
velocity -density relationship (1555) will be used consequently for this study, The
gravity modalling will be dane by a superposition of the gravily effects of prismatic bodses
after Nagy (1558), Densities relative 1o a reference model will be ased o order 1o avaid
edige afects
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Batween surface and the lavel Z = 10 km the 30 P-wave velocity modal is nearty

m" has been assumed for the uppermost mantle The residual gravity {Figura

Determination of an Average Linear Velocity Function of the Lower Crust
Vp (Z) = 6.08 km s

+(Z - 10 km) 0.027 s
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complete. Therefore, the conversion to densities and the calculation of the gravity effect

{Figure 10) is straight forward . Subtraction of this gravity effact from the Bouguer anomaly yields a residual gravity which still shows the effect of the varying depth of the
Moho, but also compensating masses below sedimentary basins, especially the Vienna basin (Figura 11).

The next step is the estimation of an average enear velocity function of the lower crust (betow £ = 10 km}. This function has been found by minimazing the correlatons
between the migrated 2-way Moho refiection travel times with the ressdeal gravity (Figures 5 and 12) and the vertical normal stress at £ = 55 km (Figure 13). The cbtained
veloesty linclion Vi {Z)= 6 08 km s+ (7 -10km ) 0,027 &7 i3 In good agreenment with the resulls of Christensan and Mooney (1995) Tor Ihe mean crust A dengily of 3 250 kg

12) can be related to tectonic and geodynamic structures. Evidenca for a "Cinaridic

subduction” is indicated by positive anomalies. Strong positive nomaliss are also found in the transition from the Norherm Pannonian domain to the European platiorm,
where high welocities in the lower crust are oblained from the seismic model. Megative anomalies can be comalated with the South Bohemian Pluton and the Tauarn
| Window. The distribution of the vertical normal stress at £ = 55 km shows a conesponding pattem (Figure 13).
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Depth of Sources for Residual Gravity
and Deviation from Isostatic Equilibrium
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Figoe 14 Modeing of resdual gravity by
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The residual gravity has been
madelled by sources in depth levels of
2= 10, 20, 30 end 40 km (Figure 14).
The effect of the resulting mass
distributiens in the diferent levels on
the vertical normal stress at 2 = 55 km
and the remaining dewviaton from a
local fso-stelic equilibrium s Blso
shawn in Figure 14 As fo be expechad
the shaliowes! digiribubgn of sources
models the residual gravity best, bul
alao down b £ = 30 ko the calculabed
distribulign of masses are geologically
reasonable and i the datawel A Z =
40 km the dskindion of masses
becormes bss geologically reasan-
able, However, alse an even
distribution of gravity sowrces over he
whole depth range of the crust
appears as an accegiable solution
(last row in Figura 14). Conversion of
the resulting density changes to
valocity changes and adding thesa
improvements to the average inear P-
wave welocity function of the lower
crust results in & gravimetrically
determined internval velocity betweaen
the detum Z = 10 km and the Maoha
{Figure 15).
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RESULT: Combination of Seismic and
Gravimetric Velocity Information

Figure 16 shows the ratio Vseisigrav versus
the rabie of penetration depth fo crustal 70 -
thickness R, [f is ovident. the greater the '
lpenatration depth of the diving wave
tomography. the less is the deviaton of the
ratio Vseiedvgrav from unity. We therefore
construct @ velocity sofution from a waighted
mean of Vseis and Vgrav seismic sochution:
‘fsgist+grav = R Vseis + (1-R} Vgrav (Figure
17). Because of the weighting scheme. the
seismic information about the lower crust s not
changed where information fram diving wave lomography is awailable. Figure
18 shows the reflaction ime map of the Moho (Figure 5) converied 1o depth by
thi usa of the combined aElsmm—glawmalnc velocity model ofthe lower crust.
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Fogure 10, Mobo depth map calculaled by the
usa ol e combined sEiETC-grEETETIC

Figan 17 Fl.w e P’fnan.- mcl:lu of Fra st
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