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Introduction

Present models of lithosphere structure and tectonic evolution of the Alpine arc show substantial structural differences in the crust and in the mantle between the western, central, and
eastern Alps. To better understand these structural differences, detailed information on composition and physical state (i.e. fluid content, temperature) of the Alpine lithosphere are needed.
Local earthquake tomography can be used to derive high-resolution three-dimensional P- and S-wave models. In this work, we present a 3D P-wave model for the greater Alpine region,
based on highly consistent seismic phase data, which are re-picked from the original waveform data.

- Depth (km)
50° N—————r 50
49°N—_ N \ - 49
The seismic phase data used in this tomographic study is derived from automated repicking of first arrival P-waves in combination with an o 8 p
automatic quality assessment for each observation. In contrast to commonly used compilations of routine phase picks (e.g. ISC catalogue) our 7N a7 _
approach results in a highly consistent error assessment in terms of timing uncertainty and phase identification (see Figures below). As a N ‘“’E
consequence, the resolution and the reliability of the tomographic velocity image will be significantly improved. = [©
44° N+ ; 44
. | . 430N;r//% ’ > " ) 43
S T s £ e s ol e .
P-Wave Velocity (km/s) = 37 —T : i
¢ s e 71 8 9 1 T = IO | 200
Model Setup I st o o CRRIELOL [ |
o \\ Minimum 1D model| é:;: /\ L 4 Amplitude ’ /w:\tl;?;tcenain includes onset of §' 40 ° P | | i g
\ for Alpine region 2 -3 1 y noise N signal > L ' RN
The setup used for the regional 3D model is 20 L O N N T s e
tuned to resolve mid to lower crust anomalies. ¢ =5 )t on =L \/ Data set used for 1D & 3D Inversion:
The horizontal grid spacingis 25 x25kminthe  £* S e P #Stations: 391 (from 13 networks)
8 50 s | # Earthquakes: 552 (1996-2007)

central part of the model. The vertical gap ol Y #Phases Quality Class 0 (£0.05s): 5387

between single node planes is 15 km. We use 70{ S | — | A AN AAAS RS RS AR ::::ases gua:t:yg:ass ; (fg.;gs)fc::zg
a regional minimum 1D model as initial model 0 e Gl 0400

1 2 time (s) 3 H .
Example for phase mis-identification in Consistent assessment of timing s RS CUEIIY © Fes Sl UaUg) 112

90 - : : - Theresulting ray-coverage is shown in Figure above.

forthe 3D inversion (See Figure rlght) . : . : routine phase data uncertainty for seismic phase onset

———

— — To assess sensitivtty and resolution t)f the
2 o v change rel. 10 1D nftia model 3D model, synthetic tests were applied to

Sensitivity & Resolut

5E 10 E 15 E 5E 10E 15 E 5E 10 E 15 E 5E 10E 15E 5E 10E 15E the data set. The Figures on the left show

| ] 1 ] 1 L 1 1 1 1 1 1 1 L 1 1 | ] 1 | 1 1 1 ] | 1 |
e =

jVeel B

t < T s = th) ”
de th 25to77km refv 550 km/s A de th 75to 225km refv 610 km/s de th:225to 375km refv 660 km/s de th 375to 525km refv 770 km/s de th 25to77km refv 550 km/s th It f h kb d t t
50 N -| depth:-2 p: 5.50 km/ ‘b BON o dePhiTS p: L 5o N | depth:2 p: 6.50% L 50N -{ 9P P: | 5o N | depth:-25to P: 5.50 km. L e resuits or a4a checkKpoar eSl.
+ o+ +\thrrtJr+++++§+++++++++++t+++omgmeof+Alpme + o+ o+ *1}+4++++++§+++++++++++{++++++ + o+ + o+ +\’ttw+$++++&+++++++++++1+++++7++ + o+ + o+ ‘t"V’,;(‘F*F‘F+++++§+++++++++++t++++++ + o+ + o+ o+ “tt*‘**érttt ++++++++++++++++¢+ :
N IN A orogen 7 " o A " ) 3, ) N 2 . . . . .
+ + + ++++ ¥ %F++++++++++A++++ \#;F+++ (:}t;\‘t» i + + A ++++++++++ ‘t’ + + &.,‘T"‘jl + + + + + + + %;++++++++++A++++ \++++ Trk+ B B N s AR S s + ++++++ + + E\_::\t | i + + + +++++’H‘+\\+ + ++++++++A++++ +\++++ - P I I t t t d t
+ o+ o+ +++++++K/+ﬁﬁéa§+++4+++++++++ M/t AT ’ + +l+:l+ l l tf“r +° ““*[X + o+ o+ ++++++£+++A+Az+++$+++++++++A*th+(}+ o \;’/ + o+ o+ +I+im+@++ +++E': l r;’}+ #“\*[*X + o+ o+ re II I llnary reSO u Ion eS S In Ica e
+ 4+ 4 4ar + + oS N ++++++$+++++/++ EE Ot + o+ o+ ++A+++4A ‘A‘\ o+ +o4 4 A+ g +++++++$++++4«¢/++++ + y] \ I e ++++++$+ (RN 4 TR R + o+ o+
48N — + 4+ o+ +++ALL+{§ ﬁ +++++¢g +++++ N +L+ ’?_I‘F) [ = 48N — R e e e {lﬂ+w@ﬁ++++++++++ ’4—4)’#- 48N — + 4+ AL++)+%A+PA+++++Lz++++\t+++$;—a—’+,»_ 48N — + o+ o+ +++A++ <¢A“ = - 48N — + 4+ o+ . .
ERERERREESy | 50" NSNS e nil . 7 : mis SR IRNEE & v T 3t et 1 O e DICEFSETT ] 42 f i liabl lut f RDE 0.15
e L RN T 41 : ‘ o~y WSERIREEY Cncuii l g ~ 41 1: LTS e = iK% reliaplie resoilution T1or > .
s 1%};@%;;;”@&1%5’“1:; A 0 A DR L P AT 1 O 3-8 ‘ o
LT e O ARG AR Y L s S oY e G L = - d t d b |d bl k | R . f
46N | 221 o 24085 gtﬂﬁ+§£+ e 2T | 46N A s 46N H 2+ 4 b b ?MM;%; - 46N 1 17 & 46N 4 2= INaicate y SOll acC INe). eglOnS O
N Y R or™t + + T AT+ a + + + A+ o+ At AR A + >+ + XA &+
ol et c«/t:tm:fiwt SRR A R o Tal AN ok o . . _ _ _
+ + « +'«tf+§7‘f:'? +_"t > + |+ AV & R .w&{é + & 7] + |+ +4 ;‘ i AL + + +4 t I I t d I d f d d
kN e 5 A . s : w§ D R S T S AN - Critical resolutions are |Sp aye IN Tade
+ o+ o+ , et 1+ o+ A S + o+t AR A \GOvAL o T )+ T - + =T + o+ o+ 2
44N 4 NN LN b aaNq O R b aaN e N e N o aN ] O Gk NG SR F AN
+ o+ o+ . ++++ o+ o+ + &Sg + o+ o+ +é>+\ A +++++++\+N4++ + +a R+ + +\x0~ T+ o+ N+ ++K++A+\t++++ % \ + o+ H (] ]
> \4 . i@fﬁ\\\ fL;:' N b \'}::\t /,,—<¢;?~r_ Ny A AN AAAA A e \\k //,,»1°L;,._‘ A -~ AN A =2 o \ .;/,wfisl | f II f II h t I d
o éa R AR it = -~ ff%ﬁii;::%igﬂﬁﬁg;\;; o | g:‘f?1:“1:.71*1*%% it (T colours for aill tollowing horizontal an
mNd jjjjjjjjjj“iﬂg*,:s;.xeti*;ijj:jjj R TP VI B L B B 6 e s B N RPY VI B S iii1:11ﬂii“iiiifi;iiiﬂii\L_; L poNd & ftlli!;i Lilttlﬂtitli\I.,;I-; L 42N A Efi(io”ftofff’ff?ii i“iiiiffliiiiiii?l,j' L tical ti
{ﬁj o oo el < e Ry < ¢ ¢ e % ¢ ‘Resolution testf ppermost Iayer ’ vertical Cross-sectlions.
g e . ) Ve S ) e S ) @A e e S
Transect after Schmid et al. 2004
-vyvave vioae A wfo
50N - . Wl 2 2000 >
B J v = [ 0 m
| L 10) W\ . T |
48N c 6.5 ~ 20/ me —
. N — ) i
SE 10E 15E 5 E 10 E 15 E 5 E 10E 15 E o ¥ | ]
50 N - depth -25to75km ref vp 5.50 km/s 50 N - depth 75to 225km ref vp: 6.10 km/s ~q 50 N - depth 225to 375km ref vp: 660 km/s o -
outlmeofﬁhlﬁe Gr?;pr' o ANy, 1 L
» X \ﬁ % A A outlineofAIpiné g‘ﬁ‘ ‘A‘ ‘ ~7 \ B
‘ ‘outllneofVosgesb h 7l ! 7o L ] | I
‘Mountain\ i IAQ} o%of Black Forest £t ""j 44N B
P SR, - /s A@ffff T, /i 4 © Hypocenter |
48 N - N Y %, 5 o > il § 48 N 48 N - i - Inversion grid node | |-
iAi nnn 5 :A @*;", S S SR ) N y N Vertical Exaggeration 2:1| |-
. i ) ki A 42 G L -
3 3 A%{éjiﬂg%‘}m@gﬁa A1 t | _ - 5E 10E 15E 80 T I L A B N B B N I B B B B
. - o - gt B Y TEBAL 46 N 0 100 200 300 400 500 600
46N - - 46 N 14 - - .
P - Profile (km) from 12.00/49.00 to 12.00/43.00 - TRANSALP
Vo - A A Engading line "
ot - Transect after Schmid et al. 2004 .
t t t C E
iy B i 5 , Inversion Grid o B’ — 4000 —
_ L ) K _ 5 Swabian Molasse ' ca P Po Plain Northern Ligurian Sea - .
44 N : : } 44 N b, 94 44 N - N Jura Basin 2ppE 1 f Apennine = 2000 C|>)
e : P = Ty . 0 ‘ ® @ adin. " 0
i ‘T o g+ f ¢ ’ "A ‘i B T { it - - \‘)ﬁ‘\ Ft T v “\ b 10 | CSS Moho after 7 =
i o SRR a Fhedeg T - : - ‘A‘H‘ e e | Waldhauser et al. 1998
42 N i e A %,%«',,,resolued\pnrt_i 777777 \%—} - 42 N 4 - B 42 N 1 ‘e‘ ‘;‘ ‘ \ x\\.ﬂ P i 20 | [
) v A/ oftomographtctttodel / 3 ) v ,A,g ~ ‘\\ (\ y . p_
- ; _ i \A'\ . i) e~ A £ 30 /// T - ) )
T 1 1 U 1 T 1 1 T 1 T 1 1 1 1 1 T T T 1 T T 1 I I I I I I I I I I I I I I I — > + + —— _______ 5 - i —__ -+ —
R =t O e R N e R AR el
c 40 | vp=725km/sT (AN R S N
5E 10 E 15 E 5E 10 E 15 E s -
I 1 1 1 1 | 1 1 1 1 | 1 1 L 1 | L 1 1 1 I 1 1 1 L I It 1 5|E 10|E 151E 8 50 ]
: depth: 52.5 to 70 km, ref vp: 8.00 km/s Ve
50 N - 50 N P - (N a P o - 50N 60 - @ Hypocenter
\ ‘ ‘ ' Inversion grid node
\_ Vertical Exaggeration 2:1
80 1 1 1 T T T 7 %0 T T T T T T ° -+ T 7 % T T T 7 T T T T -r 7 ° T T T T T T 7 " 1T 1T 7T "7 "7 ""1T" "1 7T |
48 N ; ] 48 N 48N 0 100 200 300 400 500 600 700 800
%1% resoc ol gl Profile (km) from 9.30/49.50 to 9.30/42.00 - NFP-20 East (EGT)
?ﬁk i ¢A+% in depth range of
Oy N 22,50 52.5 km
46 N - 46 N - £
Rhine Graben C y | 4000 ~
— 2000 >
= [}
0 - 0 i
4N - 4N 10 m— PO
Ivrea Body T T L
20 3 4 5 6 7 8 9
Y CSS Moho after Waldhauser et al. 98: E 30 ———————
42 N B 42 N 4on ] 10 15 20 25 30 35 40 45 50 55 60 65 European Moho x s Tl
1 Depth (km) of Iso-Surface vp = 7.25 Adriatic Moho - 40 -~
defining “tomography” Moho Ligurian Moho 45_
o050 RS - SO
()]
60 - . Schmid & Kissling 2000
@ Hypocenter . —
70 -+ Inversion grid node :\8 = 5_
-20 -16 -12 -8 4 0 4 8 12 16 20 o
=]
% vp change rel. to 1D initial model 0 100 200 300 400 500 2
5E 10 E 15E 5 E 10 E 15 E Profile (km) from 7.23/48.00 to 10.39/44.00 - “Basel-Chiasso” ¢ g
|d |h |2 5 1 7I5 kl 1 f | 5I50 kl / 1 L | 1 = t| L 1 1 = :I ;\“é g
epth: - tO m, retv m/s hVZe A . LI B
7+) +:¥#+*+é}+++ A ******‘f****tt R 8 ) +“>,*$+++++++ +++++++‘+t++++++ + Rhone valley Po Plain Northern Apennines ) — 4000 é Penirc ! Km ! 4000 é
| +- + + ++++\¥"$t+ A r +++++A++++“A\¥,\V++++;\_ :t’ + ' B | +- + +++++w%++ ‘+++++ A\t++++5‘_ + + | D R D g_ 2000 = Ingubric e 2000 >
oo o7 - R~ z*fﬂ****”**** F e Ty Figure 1-5: Horizontal cross-sections. 0 ~ = om0 - 0
+ o+t taAr 4 ‘\A TAR AT L \ b+ o+ A + ++K+++++~/~F/++++ + o+ \ - . E 5] [ = i
48 N | jrr j: i g- ‘ +++Ui+++‘”++;i+/‘f4)(,‘ L 48 N — jrr jrr jrr +!+ ++++:‘1K+ki+ +4{)£‘._ Flgure 6: MOhO topographyas derlved 10 = o \® ‘ : 4 .. = 10 —
R ; S ah ¥ - Tl R e : 2 - 1
- L . T AL L from CSS and tomography. 20 - - 20 -
| ‘ I & *w“:ﬁﬁm:x! w =] o C =2
46N | il N | T uf ++Aﬁ%+ﬁ Figure7-8: Tomography modelbased £ 30 - - € 30 { e
— Ty 1 A - —] A== - - ~ = 1 . O ey
s ‘- : on ISC phase data. < 40 < 40 N
A sy A : o ol ——
| o+ T | | + o + a4ttt WAt N\ | . ;
£ k- e - - it eds "W Figure 9: Tracks of selected depth 2 50 2 50
+ o+ F Lt A L + o+ o+ AA ST YNDY AAAL , +++\i : .
44N+ . o, b 4N i R profiles. 60 © Hypocorter 60 1o ypocerer
+ o+ 4 N ++ : \ ! .
| ”-4 e At e +J 'J ! £ ‘ + ’7\_ | "—4 et N tt+ T +5+\+£ + = Figure 10_14: Selected depth profiIeS. 70 1 3 v+. Inversion ngC.i nod-e 70 + Inversion griq node
:T + o+ + ++++++++++++A++¢«++++++ ++%\++ + o+ = /T T ++a:++++++ +++ S P ertical Exaggeration 2:1 Vertical Exaggeration 2:1
\“"Tﬁy* T ++++++++++1++A+++¢++ﬂ.++++++++++ + o+ - \w“%+ + o+ ++++++++++¢F+A+++++.;+ﬂ—+++ ++++‘+ + prOfileS 80 80 ‘ ‘
42N -1 o+ + ++++++++++74}+#++++++++++++++++ a»ﬂ_,.#ﬁ B 42N —] + o+ o+ ++++++++++£§+A+/++++++++++++++++’\L-;»j?x, B O 100 200 300 400 0 100 200 300
ISC Data set ISC Data set i Profile (km) from 6.25/47.00 to 10.00/44.00 - NFP-20 West Profile (km) from 5.00/46.50 to 8.50/44.58 - ECORS-CROP
I I roriie (Km) frrom o. . (0] . . - = es rofiie (Km) irom o. . O o. . = =

References

Schmid, S.M. and Kissling, E., 2000: The arc of the western Alps in the light of geophysical data on deep crustal structure. Tectonics 19/1, 62-85.
Schmid, S.M., Fugenschuh, B., Kissling, E.and Schuster, R., 2004: Tectonic map and overall architecture of the Alpine orogen. Eclogae geol. Helv.97,93-117.
Waldhauser, F., Kissling, E., Ansorge, J. and Mueller, S., 1998: 3D interface modeling with 2D seismic data: The Alpine crustal-mantle boundary, Geophys. J. Int., 135, 264-278.



