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Deformations To confine surface changes due to variations of a point sourgeesisure, we apply the
Abstract Mogi model. Using the volume of the lava flow as volume of surfatange,AV,, we can
vertical horizontal calculate the source deptdl, underneath the point of maximum vertical displacemaégt,

d= (AVe/(Znho))% From this we can calculate the source stren@th: hyd? [Sigmundsson,
2006] and have all parameters of the Mogi model fixed.

3. Comparison of respones to different deformation sourcgs

Modeling a circular lava flow on top of a deflating magma chamber shws that the crust 000 005 010 015 0.20 0.08 0.04 0.00 -0.04

will adjust to the load towards final relaxed response. During thisprocess gradual subsi- — - [m] - _

dence may mistakenly be interpreted as due to pressure decreasethe magma chamber

only; both processes show a very similar deformation pattern. This posea problem

when characteristics of a magma chamber are to be derived. _ d)
In this study the Mogi model and Green’s functions are used to compag the crustal re- _
sponse to a deflating hypothetical magma chamber to the deformation pirn emerging 1 = Figure 2 shows the simulated horizontal and vertical deftiona for both the final relaxed
due to the final relaxed response to lava flows at the surface. We firtthat ongoing ad- L2 response to the disk load and the Mogi model with a calculatexcea@leptid = 12kmand a
justment to surface loads can be misinterpreted as subsidence dima deflating magma _ ; o source strengtl = 0.031kn™. The vertical displacement pattern and magnitude of theiMag
chamber. To avoid misleading interpretations, we suggest that botthe horizontal and il N model are quite close to the final relaxed response (Fig. 2almws shown in the residual
vertical displacements should be examined carefully. Y g In Figure 2c. However, at about 12.5 km distance from the mammaartical displacement
- - O (hp = 0.21 m), the difference between the Mogi model and the final esla&sponse is 3.75cm
9 (a difference of 18%). Figure 3a displays a section from theere¢atthe edge of Figure 2 and
n<, underlines these findings. For the horizontal displacementifleeahce is even more obvious
1 i as shown by Figure 2d,e,f. The Mogi model is always larger tharfinal relaxed response
and the maximum difference iIs -6 cm at about 7.6 km from the c¢hRtgr 3c).
a) c)
An increasing number of crustal deformation studies relate volcano defonrta internal | | o Egldmf"d o Egl”’lldt'dtp
pressure sources (e.g., magma chambers). Surface loads such as lavdd]dwowever, £ o o Max. difference | "Mogi" and "final” mixes (3:1, 22, 13
provide an additional source of deformation. The initial elastic response dudotamlan | ' ' 005- ) w
. . . . e) oo - |
the surface of the Earth is followed by a visco-elastic response of the daatgebelow the 5 12
uppermost elastic layer (see Fig. 1c,d). Hence, a deformation a delonnsajnal recorded _ i b) = 00
In the vicinity of a volcano is likely to be due to a combination of an internadgues source _ 0-05?\ 06
and a surface load (a composition of previously erupted lava flows - at thenexthe volcano | ' § 0 L T
edifice itself). . - U | -
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FIG. 3. Sections from center to edges of the plots in Figa}.Vertical displacemently) coresponds to Fig.2a (red), 2b
(blue), 2c (black).b) Horizontal displacementWy|), coresponds to Fig. 2d (red), 2e (blue), 2f (black). Red circle marks max
difference.c) Comparison of models in term of the ratidy, | /U,. Pink lines are 'mixes’ of the models. Black dashed line demote
the maximum elastic ratio due to a surface load.
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2. Model Configurations

To model the final relaxed response to a surface load we use the framevkwkDE
[Grapenthin, 2007] which implements Green’s functions that approximate agiitt &s thick
elastic plate over an inviscid fluid as derived by Pingtlal. [2007]. We assume 5km as e
elastic thickness of the lithosphere, a Young’s modulus of 40 GPa [Grapegtthin 2006], a

Poisson’s ratio of 0.25, and a density of 3100 kg’rfor the fluid, i.e. upper mantle. The load} 410000
is an approximation of the Hekla 2000 lava in Iceland (Fig. 1a,b). f)
4. Discussion and Conclusions
)_ — e — — — e m . TRikak LI - 400000
a W iia 0.655
W ”1 - The hypothetical source depth df= 12 km is not supported by results of seismic studids
NAR® . LR | oot 390000 at Hekla which would hint at a mixed deformation signal thatuldolead to a deeper
N 5005 _ source (Soosaloet al. [2004] find no source between 4-14km). Hence, our results/shé
SN AD P 3 i 020 > ' the significance of including surface loads (elastic and vidastic responses) in source
far 5 f . q . 380000 studies. To identify whether elastic chamber pressure responvisco-elastic deformation
6N -, He J | A - d_ue to surface_ Ioads_, _is recorde_d In t_he data, we §ugge_st memmlng the horizontal
0 50100 “_ _ = =l o 370000 dlsplac_e_ment In a_ddltlon to vertical displacement (i.e. t_kt&)anth cﬁstance f_rom the vent).
24°W 22°W 20°'W 18'W 16'W 14'W  1954W 19948W 1942W 1936W 19°G0W 1924W - | A transition from instantaneous to relaxed response willrgldae distingushiable from the
FiG. 1. a) A map of Iceland (volcanic zones in yellow. The rectangle marksniodel areab) Blow up of the model area Mogi response (See Fig- 3C)- We SuggeSt that additional faodxs&tby the surface load must
showing the topography around Mt. Hekla and the approximatéaH2800 lava flowsmean thickness: pink - 3m, blue - 3m, 360000 be considered and constrained by careful measurements angretdtions of observations

green - 12m, red - 10 mc) Instantaneous vertical displacement and d) final relaxed aédisplacement due to the lava. 440000 460000 480000 and eruptions histories to correct the recorded data for cordprigeal sources

Figure 3c directly compares the final relaxed response and thgg id@del using the ratio of
horizontal and vertical displacement as suggested by Biral [2007] which clearly marks
the different character in displacment depending on the source
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The deformation due to surface load has an exponential evolution with relaxtstie related | | | | o o

: : .. : : . FIG. 2. Model results showing vertical and horizontal displaceimeéune to the Hekla 2000 lava (disk, final relaxed response). Tadksnnc are
o VlSCOS“:y- The transition from instantaneous (Flg- 1C) o relaxeplcnese (Flg- 1d) takes on Lambert coordinates and describe the extend of the modeledrareaters. @,d) and the Mogi modelld,e). The residualsq;f) are calculated by
the order of tens to hundreds of years [Pinel et al., 2007]. The final relaxed respargse subtracting the results of the Mogi model from the final relaxedaese due to the Hekla lava. Note that the scale is similar il but not in a
to being axisymmetric (Fig. 1d) and equivalent to that of a disk load. Hene@pproximate row.
the lava flows (Fig. 1b) as a disk with height 9.82 m, radius 2.5 km, and densitykg900°.




