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Abstract

A study of maar-diatreme volcanoes has been perfomed by inversion of gravity and magnetic
data. The geophysical inverse problem has been solved by means of the damped nonlinear least-
squares method. To ensure stability and convergence of the solution of the inverse problem, a
mathematical tool, consisting in data weighting and model scaling, has been worked out. Theoret-
ical gravity and magnetic modeling of maar-diatreme volcanoes has been conducted in order to get
information, which is used for a simple rough qualitative and/or quantitative interpretation. The
information also serves as a priori information to design models for the inversion and/or to assist
the interpretation of inversion results.

The results of theoretical modeling have been used to roughly estimate the heights and the dip
angles of the walls of eight Eifel maar-diatremes — each taken as a whole. Inverse modeling has
been conducted for the Schönfeld Maar (magnetics) and the Hausten-Morswiesen Maar (gravity
and magnetics). The geometrical parameters of these maars, as well as the density and magnetic
properties of the rocks filling them, have been estimated. For a reliable interpretation of the
inversion results, beside the knowledge from theoretical modeling, it was resorted to other tools
such like field transformations and spectral analysis for complementary information. Geologic
models, based on the synthesis of the respective interpretation results, are presented for the two
maars mentioned above.

The results gave more insight into the genesis, physics and posteruptive development of the
maar-diatreme volcanoes. A classification of the maar-diatreme volcanoes into three main types
has been elaborated. Relatively high magnetic anomalies are indicative of scoria cones embeded
within maar-diatremes if they are not caused by a strong remanent component of the magnetization.
Smaller (weaker) secondary gravity and magnetic anomalies on the background of the main anomaly
of a maar-diatreme — especially in the boundary areas — are indicative for subsidence processes,
which probably occurred in the late sedimentation phase of the posteruptive development.

Contrary to postulates referring to kimberlite pipes, there exists no generalized systematics
between diameter and height nor between geophysical anomaly and the dimensions of the maar-
diatreme volcanoes. Although both maar-diatreme volcanoes and kimberlite pipes are products of
phreatomagmatism, they probably formed in different thermodynamic and hydrogeological environ-
ments. In the case of kimberlite pipes, large amounts of magma and groundwater, certainly supplied
by deep and large reservoirs, interacted under high pressure and temperature conditions. This led
to a long period phreatomagmatic process and hence to the formation of large structures. Con-
cerning the maar-diatreme and tuff-ring-diatreme volcanoes, the phreatomagmatic process takes
place due to an interaction between magma from small and shallow magma chambers (probably
segregated magmas) and small amounts of near-surface groundwater under low pressure and tem-
perature conditions. This leads to shorter time eruptions and consequently to structures of smaller
size in comparison with kimberlite pipes. Nevertheless, the results show that the diameter to height
ratio for 50% of the studied maar-diatremes is around 1, whereby the dip angle of the diatreme walls
is similar to that of the kimberlite pipes and lies between 70 and 85◦. Note that these numerical
characteristics, especially the dip angle, hold for the maars the diatremes of which — estimated
by modeling — have the shape of a truncated cone. This indicates that the diatreme can not be
completely resolved by inversion.



Zusammenfassung

Mittels Inversion von gravimetrischen und magnetischen Daten wird eine Studie an Maar-
Diatrem-Vulkanen durchgeführt. Das geophysikalische Inversionsproblem wird durch eine gedämpf-
te nichtlineare Methode der kleinsten Quadraten gelöst. Um die Stabilität und die Konvergenz der
Lösung des inversen Problems zu gewährleisten, wird ein mathematisches Verfahren ausgearbeitet,
das eine Gewichtung von Daten und eine Skalierung von Modell zum Kern beinhaltet. Um Informa-
tionen für eine einfache grobe qualitative und/oder quantitative Interpretationzu erhalten, werden
theoretische Schwere- und Magnetik-Modellierungen von Maar-Diatrem-Vulkanenerarbeitet. Die
gewonnenen Resultate dienen weiterhin als a priori Information, um genauere Modelle für die In-
version zu konzipieren und/oder als Unterstützung für die Interpretation der Inversions-Ergebnisse.

Um die vertikale Ausdehnung von Maar-Diatrem-Vulkanen und die Einfallswinkeln ihrer Dia-
tremwände abzuschätzen, werden die Ergebnisse theoretischer Modellierungen auf acht Objekte in
der Eifel — jedes einzelne in seiner Gesamtheit — angewandt. Inversionsmodelle werden für das
Schönfelder Maar (Magnetik) und das Hausten-Morswiesen Maar (Schwere und Magnetik) berech-
net. Sowohl die geometrischen Parameter dieser Maare, als auch die Dichten und die magnetis-
chen Eigenschaften der Gesteine ihrer Füllungen werden bestimmt. Neben der aus theoretischer
Modellierung stammenden Information, werden für eine zuverlässige Interpretation der Ergebnisse
zusätzliche Informationen einbezogen, die aus weiteren Operationen, wie Feldtransformationen und
Spektral-Analyse, gewonnen wurden. Auf Basis der jeweiligen Gesamt-Ergebnisse werden geologis-
che Modelle für die zwei oben erwähnten Maare dargestellt.

Die Ergebnisse geben tieferen Einblick in die Physik, die Genese und die posteruptive En-
twicklung von Maar-Diatrem-Vulkanen. Maar-Diatrem-Vulkane werden in drei Haupt-Typen klas-
sifiziert. Relativ starke magnetische Anomalien, die nicht durch eine starke remanente Komponente
der Magnetisierung verursacht werden, weisen auf die in Maar-Diatremen eingebetteten Schlack-
enkegeln hin. Kleinere bzw. Schwächere sekundäre Schwere- und magnetische Anomalien innerhalb
der Haupt-Anomalie eines bestimmten Maar-Diatrems — insbesondere in Randbereichen — weisen
auf Subsidenzprozesse hin, die während der späteren Sedimentationsphase der posteruptiven Ent-
wicklung stattfanden.

Im Gegensatz zu den Postulierungen, die sich auf Kimberlitschlote beziehen, gibt es keine allge-
meine Systematik zwischen Durchmesser und Tiefe, noch zwischen der geophysikalischen Anoma-
lie und den Dimensionen der Maar-Diatrem-Vulkane. Zwar sind sowohl Maar-Diatrem-Vulkane
als auch Kimberlitschlote Produkte des Phreatomagmatismus, ihre Bildung aber findet unter ver-
schiedenen thermodynamischen und hydrogeologischen Umgebungsbedingungen statt. Im Falle der
Kimberlitschlote, sind große Mengen von Magma und Grundwasser, sicherlich aus tiefen und großen
Reservoirs, unter Hochdruck- und Hochtemperatur-Bedingungen am phreatomagmatischen Prozess
beteiligt. Dies führt zu einem langzeitigen Prozess und folglich auch zur Bildung von großen Struk-
turen. Die phreatomagmatische Entstehung von Maar-Diatrem- und Tuffring-Diatrem-Vulkanen
hingegen, wird durch die Wechselwirkung zwischen Magma aus relativ kleinen, nicht tiefliegenden
Magmakammern (wahrscheinlich Segregationsmagmen) und kleinen Mengen von oberflächennahem
Grundwasser unter Niedrigdruck- und Niedrigtemperatur-Bedingungen verursacht. Der Bildungs-
prozess ist daher kürzer und demzufolge sind auch die Strukturen kleiner im Vergleich zu Kimber-
litschloten.

Die Ergbnisse zeigen trotz allem, dass das Verhältnis von Durchmesser zu Tiefe für 50% der
untersuchten Maar-Diatreme bei 1 liegt und der Einfallwinkel der Diatremwände dem der Kim-
berlitschlote gleicht und zwischen 70 und 85◦ liegt. Es ist zu bemerken, dass diese numerischen
Charakteristiken, insbesondere der Einfallwinkel, für die Maare gelten, deren Diatreme durch Mod-
ellierung abgeschätzte Kegelstümpfe sind. Dies weist darauf hin, dass die Tiefe des Diatrems durch
Inversion nicht genau bestimmt werden kann.
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   Fig. 2.2  Map of the eruption centres of the Quaternary Westeifel Volcanic Field  
   (triangles and circles). Crosses mark the the volcanoes of the Tertiary Hocheifel  
   Volcanic Field (after Büchel and Mertes, 1982). 
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Fig. 3.5  Flow-chart of the nonlinear least-squares inversion. 
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Fig. 3.9  Total intensity magnetic field, its components Fo and Fa  
and the total intensity anomaly ΔF. 
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Xa=ΔX Cos D; Ya=ΔY Sin D; Ha=ΔH Cos I; Za=ΔZ Sin I

Fig. 3.10  The total intensity magnetic anomaly ΔF is the sum of the 
projections of the anomalies ΔX, ΔY and ΔZ in the direction of  Fo . 

                                               (redrawn from Talwani, 1965) 
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in computations:

Zt=30 m; Dt=500 m
Db=100 m; H=500 m
Xc=Yc=500 m; I=66°
Fo=48000 nT; D=-3°

Fig. 4.1 Anomaly of the total magnetic field caused by a diatreme.
a, b: S-N and W-E profiles, respectively; c: contour map.
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Parameters involved
in computations:

Zt=75 m; Dt=500 m
Db=100 m; H=500 m
Xc=Yc=500 m; I=66°
Fo=48000 nT; D=-3°

Fig. 4.2 Anomaly of the total magnetic field caused by a diatreme.
a, b: S-N and W-E profiles, respectively; c: contour map.
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Parameters involved
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Zt=150 m; Dt=500 m
Db=100 m; H=500 m
Xc=Yc=500 m; I=66°
Fo=48000 nT; D=-3°

Fig. 4.3 Anomaly of the total magnetic field caused by a diatreme.
a, b: S-N and W-E profiles, respectively; c: contour map.
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Parameters involved
in computations:

Zt=30 m; Dt=100 m
Db=500 m; H=500 m
Xc=Yc=500 m; I=66°
Fo=48000 nT; D=-3°

Fig. 4.4 Anomaly of the total magnetic field caused by a scoria cone.
a, b: S-N and W-E profiles, respectively; c: contour map.
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Parameters involved
in computations:

Zt=75 m; Dt=100 m
Db=500 m; H=500 m
Xc=Yc=500 m; I=66°
Fo=48000 nT; D=-3°

Fig. 4.5 Anomaly of the total magnetic field caused by a scoria cone.
a, b: S-N and W-E profiles, respectively; c: contour map.
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Parameters involved
in computations:

Zt=150 m; Dt=100 m
Db=500 m; H=500 m
Xc=Yc=500 m; I=66°
Fo=48000 nT; D=-3°

Fig. 4.6 Anomaly of the total magnetic field caused by a scoria cone.
a, b: S-N and W-E profiles, respectively; c: contour map.
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Fig. 4.7  Schematic cross-section of a complex maar structure:  
Maar-diatreme with a scoria cone located within the crater. 
 
          Dmt : diameter of the top of the maar 
          Dcb : diameter of the bottom of the maar crater 
          Hc  :  height of the maar crater 
          Dst : diameter of the top of the scoria cone 
          Dsb : diameter of the bottom of the scoria cone 
          Zst : depth to the top of the scoria cone 
          Hd :  height of the diatreme 
          Ddb :  diameter of the bottom of the diatreme 
          χ1 : susceptibility of the rocks of the upper part of the maar 
          χ2 : susceptibility of the rocks between the maar walls and  
               the scoria cone 
          χ3 : susceptibility of the rocks of the scoria cone 
          χ4 : susceptibility of the rocks of the diatreme 
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Parameters involved
in computations:

Dmt=750 m; Dcb=500 m
Hc=150 m; Zst=50 m
Dst=100 m; Dsb=300 m
Hd=500 m; Ddb=100 m
Xc=Yc=600 m; I=66°
Fo=48000 nT; D=-3°

Fig. 4.8 Anomaly of the total magnetic field caused by a complex maar structure:
maar-diatreme and a scoria cone located within the latter. The coordinates of the
centres of both the maar-diatreme and the scoria cone coincide.
a, b: S-N and W-E profiles, respectively; c: contour map.
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Parameters involved
in computations:

Dmt=750 m; Dcb=500 m
Hc=150 m; Zst=50 m
Dst=100 m; Dsb=300 m
Hd=500 m; Ddb=100 m
Xc=Yc=600 m (maar-diatreme)
Xc=700; Yc=600 m (scoria cone)
Fo=48000 nT; I=66°; D=-3°

Fig. 4.9 Anomaly of the total magnetic field caused by a complex maar structure:
a maar-diatreme and a scoria cone located within the latter. The centre of the
scoria cone is located 100 m northwards from that of the maar-diatreme.
a, b: S-N and W-E profiles, respectively; c: contour map.
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Parameters involved
in computations:

Zt=75 m; Dt=500 m
Db=100 m; H=100 m
Xc=Yc=500 m; I=66°
Fo=48000 nT; D=-3°

Fig. 4.10 Anomaly of the total magnetic field caused by a diatreme.
a, b: S-N and W-E profiles, respectively; c: contour map.
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Parameters involved
in computations:

Zt=75 m; Dt=500 m
Db=100 m; H=250 m
Xc=Yc=500 m; I=66°
Fo=48000 nT; D=-3°

Fig. 4.11 Anomaly of the total magnetic field caused by a diatreme.
a, b: S-N and W-E profiles, respectively; c: contour map.
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Parameters involved
in computations:

Zt=75 m; Dt=500 m
Db=100 m; H=750 m
Xc=Yc=500 m; I=66°
Fo=48000 nT; D=-3°

Fig. 4.12 Anomaly of the total magnetic field caused by a diatreme.
a, b: S-N and W-E profiles, respectively; c: contour map.
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Fig. 4.13  Model configurations with parameterization. A: general case; B: constant 
diameter with varying height; C: constant height with varying diameter; D: diameter 
and height varying in a constant ratio. 
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Fig. 4.15 Ratio of the gravity amplitude to the gravity of the infinite horizontal slab ( )
and to the maximum axis gravity of the semi-infinite vertical cylinder ( ) versus the
height to diameter ratio (h/d). illustrates the determination of h/d and consequently of h.
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Fig. 4.16 Amplitude gravity normalised with the product of the density contrast
and the diameter versus the height to diameter ratio (h/d).
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 Fig. 5.1a S-N Gravity profile of the Döttingen Maar (after Stachel and Büchel, 1989) .
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 Fig. 5.1b  Logarithmic power spectrum of the gravity anomaly of the Döttingen Maar. 
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  Fig. 5.2a  Magnetic profiles of the Jungferweiher Maar. 

Elements of the geomagnetic field : D = -2°; I = 66°; Fo = 48000 nT. 

χc = 0.0063 SI; χd = 0.0126 SI; Hc = 250 m; Hd = 550 m.

 χc = 0.0063 SI; χd = 0.038 SI; Hc = 250 m; Hd = 550 m.

 χc = 0.0063 SI; χd = 0.032 SI; Hc = 250 m; Hd = 1250 m.

 
 
 

          Crater sed.;χc = 0.0063 SI

     Diatreme tuffs 

    χd = 0.032 SI

αd =75° 

Dt = diameter of the maar top;  
Hc = height of the maar crater;  
αc = dip angle of the crater walls; 
Db = diameter of the diatreme 
bottom; Hd = height of the diatreme; 
αd = dip angle of the diatreme walls; 
χc = susceptibility of the crater 
filling; χd = susceptibility of the 
diatreme tuffs. 

Hd=1250 m 

 Db = 400 m 

αc = 47° Hc=250 m 

Dt = 1500 m  

 Fig. 5.2b  Model of the Jungferweiher Maar. 
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 Fig. 5.4  Gravity profiles of the Pelm Maar.

 observed (Hörrle, 1991)  theoretical 

0 200 400 600 800 1000 1200 1400

Distance (m)

-2.0

-1.0

0.0

1.0

G
ra

vi
ty

 a
no

m
al

y 
(m

G
al

)

Fig. 5.5a S-N Gravity profile of the the Roth Maar.
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 Fig. 5.5b Anomaly of the total magnetic field observed over the Roth Maar 
 a, b: S-N and W-E profiles (dashed lines on contour map), respectively;  
 c: contour map    (redrawn from Büchel, 1987).
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 Fig. 5. 5c  Logarithmic power spectrum of the magnetic field of the Roth Maar. 
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Fig. 5.6b  Profiles over the Dehner Maar.
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Fig. 5.7  Observed gravity and magnetic anomalies 
of the Schönfeld Maar; the location of the profiles is 
shown on the contour map (below right) by dashed lines.
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 Fig. 5.8a  Gravity profile of the Hausten-Morswiesen Maar.
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Fig. 6.1a Topography (left) and  magnetic anomaly (right) of the Schönfeld Maar. The red solid 
and dashed contours respectively show the location and  the boundary of the maar.

Fig. 6.1b  3-D view of the topography (left) and of the pole reduced magnetic field (right) 
of the Schönfeld Maar.
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6.2 Geometric model 
 
         Before proceeding with the inversion, it has been necessary to design a geometric model 
which can easily be modified according to the parameterization. Maar-diatremes are almost 
circular in map view. But in reality, the true shape of the cross-section of each particular 
maar-diatreme differs from this assumption, depending on the geomorphological and tectonic 
conditions which controlled the maar formation. Therefore models should be individually 
designed for more accurate inversion procedures. 
        The shape of a maar-diatreme (at least of its upper part) can be deduced from its surface 
boundary, which can ─ as a priori information ─ serve as starting point for a model design. 
The top boundary of the maar was defined by means of the magnetic field reduced to the pole. 
Actually, the character and the shape of the pole reduced field are similar to those of the 
second vertical derivative of the gravity potential. The zero contour of the latter 
approximately outlines the edges of the anomalous structure. Thus, the zero contour of its 
analogous, the magnetic field reduced to the pole, roughly defines the top boundary of the 
maar-diatreme structure. The radii relative to the vertices of the uppermost polygonal contour 
were approximated from the top boundary of the maar and were kept constant. For the 
continuation of the model in depth, it was assumed that the radii were linearly decreasing, but 
differently for both the crater and the diatreme. Two different configurations are possible: a 
maar with a crater overlying a diatreme or a diatreme alone. On Figures 6.2a and 6.2b are 
respectively shown a prototype of the 3-D model and its schematic vertical cross-section. 
 

Fig. 6.2a   A 3D-view of the geometrical model used for the inversion of magnetic data; the red lines 
represent the polygonal contours used for the computation of the surface integrals of the body(ies).  
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Fig. 6.2b  Schematic vertical cross-section of a maar-diatreme with 
related parameters. 

   Dtm : diameter of the top of the maar 
   Hc   : height  of the maar crater 
   Dbc : diameter of the bottom of the crater 
   αc   : dip angle of the crater walls 
   Hd   : height  of the diatreme 
   αd   : dip angle of the diatreme walls 
   Dbd : diameter of the bottom of the diatreme 
   ρc , ρd , ρco : respective densities of the crater, 
                      diatreme and country rocks 
   Jc, Jd , Jco : magnetization of the crater, diatreme  
                    and country rocks, respectively 
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       Accordingly, the volume content of magnetite is also high compared to that in maar-
diatreme rocks (0.4−0.65%). Probably, a remanent component (NRM) ─ as indicated by the 
values of the Koenigsberger ratio Q (2.5−4.0) ─ is mainly contributing to the strong 
magnetization. The values of the NRM are about 1.3−1.6 A/m. All this indicates that the 
rocks filling the maar crater are other than craterlake sediments, which ─ as known for some 
Eifel maars ─ have lower susceptibility and NRM values (100−800×10-6 SI, 0.05−0.2 A/m). 
The estimated height of the maar crater varies between 30 and 110 m, the average diameter of 
its bottom ─ between 300 and 430 m, which corresponds to dip angles of 60−80° for the 
crater walls. 
       The magnetization of the rocks filling the underlying diatreme is also high, whereby it 
gets higher as the overlaying maar crater gets shallower. Its estimates are around 3.0 A/m. 
Assuming that the magnetization was only induced, the causative rocks would have 
susceptibilities of about 85000×10-6 SI and a volume content of magnetite around 2.3%. Both 
latter values are much higher than those of tuffs and are characteristic for basalts. Here also, a 
NRM (2.5−3.0 A/m) is supposed to predominantly contribute to the strong magnetization. 
The Koenigsberger ratio amounts from 5 to 6. The computed values of the NRM and Q are 
higher than those respective measured ones of 1.2 A/m and 3.0 for the tuffs of the Schönfeld 
Maar. This means that either the magnetization of the diatreme rocks is higher than that of the 
tuffs sampled at the surface or the height of the diatreme has been underestimated. Actually, 
as shown in Table 6.2b, both the vertical component of the magnetization Jzd and the height of 
the diatreme Hd display a poor resolution. But this might also be caused by a bad estimation 
of the parameters of the maar crater. While the estimated height of the diatreme varies 
between 100 and 200, the diameter of its bottom ─ between 230 and 290 m, the dip angle of 
its walls lies between 50 and 85°.  
      Although, as shown by Fig. 6.3, good fits between computed and observed profiles could 
be achieved, some estimated parameters, particularly the directions of the magnetizations, are 
not in agreement with the observed anomaly. For instance, due to large negative or positive 
obtained declinations, the axis joining the extrema of the magnetic field should have a NW-
SE or NE-SW orientation, different from the nearly NS-orientation characterizing the 
observed field (see Fig. 6.1a). As for the inclinations, they are varying between 60 and 70°, 
which is realistic. 
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Fig. 6.3   Profile inversion of the magnetic anomaly of the Schönfeld 
Maar; model with 10 unknowns. 
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Fig. 6.4  Inversion of the magnetic field of the Schönfeld Maar; 
areally distributed data; model with 10 unknown parameters;
black and red contours represent the observed and computed
fields, respectively.
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Fig. 6.5  Inversion of the magnetic field of the Schönfeld Maar;
areally distributed data; model with 7 unknown parameters; 
black and red contours represent  the observed and computed
fields, respectively.
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Fig. 6.6a  SN- and WE-profiles of the magnetic anomaly of the Schönfeld Maar;
solid lines : observed; dashed : computed. The profiles pass through the points 
(0,-400; 0,400) and (-300,0; 300,0), respectively (see figure below). 

S N W E

Fig. 6.6b  Contour maps of the observed (black) and computed (red) magnetic fields 
of the Schönfeld Maar; the computed field results from the inversion of areally 
distributed data using a model with 5 unknown parameters.  
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Fig. 6.7a  SN- and WE-profiles of the magnetic anomaly of the Schönfeld Maar;
solid lines : observed; dashed : computed. The location of the profiles is the 
same as in Fig. 6.6.

S N W E

Fig. 6.7b  Observed (black) and computed (red) magnetic fields of the Schönfeld Maar;
the computed field results from the inversion of areally distributed data using a model 
with 3 unknown parameters (components of the magnetization).  
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6.9 Spectral analysis and data transformations 
 
      Although good and reasonable results were obtained by inversions with areally distributed 
data and fewer parameters, it is not yet clear whether the high observed anomaly is really 
caused by two superposed sources with different magnetizations/susceptibilities or only by 
one source, having a high magnetization/susceptibility. The nature of the magnetization itsself 
and its direction still have to be well investigated. Beside that, results from all previous 
inversions could be erroneous due to the following factors: the (near)-surface natural and 
man-made inhomogeneities which introduce a noise into the useful signal and are difficult to 
be considered while modeling, the uncertain position of the centre(s) of the polygonal laminae 
and eventual errors in digitized coordinates of data points. Moreover, it is well known that 
short wavelength elements especially are more sensitive to location errors, to aliasing, to 
sensor height etc. 
        In order to handle all these problems and to get complementary information which can 
be used to enhance the inversion and/or the interpretation of results, a spectral analysis and 
some transformations of the observed magnetic field have been done using Fourier 
techniques. Fourier techniques have been and are still being widely used in geophysical data 
analysis and interpretation (Odegard and Berg, 1965; Clarke, 1969; Ku et al., 1971; Spector 
and Parker, 1979). The use of the Fourier Transform requires data to be gridded. Therefore 
the data have been first gridded at a 10 m mesh before any operations could be undertaken. 
Such a small interval was chosen so that possibly useful near-surface signals would not be 
filtered out. As shown on Fig. 6.8, the energy spectrum of the field has two main components, 
the long and short wave components and a third one which is simply a pink noise. 
 

0.00 0.04 0.08 0.12 0.16 0.20 0.24 0.28 0.32 0.36 0.40

Frequency (cycles/m)

10

12

14

16

18

20

22

24

26

28

30

Po
w

er
 s

pe
ct

ru
m

 (L
og

 E
)

Fig. 6.8  Logarithmic power spectrum of the magnetic field of the Schönfeld Maar.

low frequency component; depth to source = 100 m

high frequency component; depth to source = 30 m
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Fig. 6.9a  Contour map of the low-frequency component 
of the  magnetic anomaly of the Schönfeld Maar.
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Fig. 6.9b Contour map of the  high-frequency component 
of the magnetic anomaly of  the Schönfeld Maar.
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        Pseudo-gravity can give further information about the size of the magnetization. As can 
be seen on Fig. 6.12, the pseudo-gravity field has a size of about −10 mGal, value which is too 
high compared with the usually known gravity anomalies of maar diatreme structures. Gravity 
anomalies of some larger maar diatremes, such as the Döttingen and the Meerfeld Maars, 
have considerably smaller sizes of −3.5 (Stachel and Büchel, 1989) and −5.8 mGal (Henk, 
1984), respectively. According to Smilde (1997), the size of the gravity anomaly of the 
Meerfeld Maar is even smaller and amounts to −4.5 mGal. Therefore a higher intensity of the 
magnetization should be required to produce a pseudo-gravity field which lies in an 
acceptable range. As can be seen on Fig. 5.7 (Chap. 5 ) showing the measured SN-gravity 
profile, the size of the gravity anomaly is about −2.5 mGal. This implies that a magnetization 
about four times the one used above for the pseudo-gravity transformation should be present 
in order to produce a gravity effect the size of which would match that of the observed field. 
Such a high intensity of the magnetization (2.0 A/m) might be due either to a high 
susceptibility (50000*10−6 SI), in the case, where an induced magnetization alone is 
causative or to a resultant magnetization vector of both the induced and the remanent 
components. 
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   Fig. 6.12  SN-profile of pseudo-gravity of the Schönfeld Maar. 
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6.10 Inversion of low-pass filtered data

Having separated out the high frequency components thought of to correspond to
(near-) surface features, a new attempt of inversion has been carried out using the low-
pass filtered field (1271 points), considered to be the effect of the diatreme alone. The
top polygonal boundary of the diatreme has been redefined using low-pass filter data. Its
average diameter amounts to 430 m. Further, the model has been designed using the
same approach as in the previous inversions. The diatreme was supposed to be located
at 100 m depth as determined by the interpretation of the logarithmic power spectrum
of the observed magnetic anomaly. Modeling has been done with five parameters : the
components of the magnetization of the diatreme rocks, the height and the bottom diameter
of the diatreme. The computed diatreme model has a height of 200 m, an average bottom
diameter of 240 m, hence an average wall dip of 65◦. The magnetization of 4.0 A/m —
if it was only induced, would correspond to a high effective susceptibility of 0.10 SI, value
which is extremely high for tuffs and even higher than the average susceptibility (0.06
SI) of basalts (Telford et al., 1990). The large estimate of the magnetization obviously
is to compensate the weakening effect of the great location depth, which probably has
been overestimated by the spectral analysis. Though the direction of the magnetization
(D = 1.2◦, I = 67◦) does not much differ from those determined by some of previous
inversion procedures conducted with fewer unknowns and by the distortion analysis, its
intensity seems to be too high. Therefore other inversion procedures have been run with
different starting model parameters, different number of model parameters and/or different
damping factors to enable the choice of the one model with the most reliable results. Below
will be given and discussed results of such a model (see Tables 6.5a and 6.5b).

Modeling was done assuming a variable depth to the top of the diatreme, which
together with the cross-section of the diatreme bottom, the diatreme height and the com-
ponents of the magnetization, were parameterized. The results of this inversion with 6
unknowns are presented in Tables 6.5a and 6.5b. The estimated diatreme is located at
a shallower depth of 70 m, which consequently leads to a decrease of the magnetization.
The latter has an intensity of 2.2 A/m and a direction of 66◦ (I), 2◦ (D). The computed
susceptibility (0.06 SI) and the related volume percentage of magnetite (1.7%) are about
4–5 times those of the tuffs. This is an indication of a presence of a NRM, which with a
Koenigsberger ratio of 3.6 amounts to 1.7 A/m and has the same direction as the total
magnetization. The height of the diatreme has been estimated to about 243 m, while the
average diameter of its bottom to nearly 290 m, giving an average dip of 72◦ for its walls.
As shown on Fig. 6.13, a relatively good fit between the observed and the computed fields
has been achieved. This is confirmed by the relatively small measures of the RMS (32 nT)
and of the MSE (1.1%).

These results do not much differ from those of the inversion procedures in 6.6 with 7
parameters and in 6.7 with 5 parameters. Moreover, the magnetization and its direction
also are in a good agreement with those derived from the distortion and pseudo-gravity
analysis.
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Table 6.5a Inversion results of low-pass filtered data;
model with 6 unknown parameters.

Parameter Value Unit
Average location depth of the diatreme (Hc) 70.0 m
Average diameter of the top boundary of the diatreme (Dtd) 430.0 m
Average diameter of the bottom of the diatreme (Dbd) 290.0 m
Average height of the diatreme (Hd) 243.0 m
Average slope of the diatreme walls (αd) 72.0 ◦

X-comp. of the magnetization of the diatreme rocks (Jxd) 0.91 A/m
Y-comp. of the magnetization of the diatreme rocks (Jyd) 0.025 A/m
Z-comp. of the magnetization of the diatreme rocks (Jzd) 2.03 A/m
Total magnetization of the diatreme rocks 2.20 A/m
Inclination of the total magnetization of the diatreme rocks 66.0 ◦

Declination of the total magnetization of the diatreme rocks 2.0 ◦

Computed apparent susceptibility of the diatreme rocks 0.06 SI
Remanent magnetization of the diatreme rocks 1.70 A/m
X-component of the NRM of the diatreme rocks 0.72 A/m
Y-component of the NRM of the diatreme rocks 0.035 A/m
Z-component of the NRM of the diatreme rocks 1.60 A/m
Inclination of the NRM of the diatreme rocks 66.0 ◦

Declination of the NRM of the diatreme rocks 3.0 ◦

Koenigsberger ratio for the diatreme rocks 3.6 –
Volume percentage of magnetite in diatreme rocks 1.7 %
Root mean square error (RMS) 32 nT
Normalized mean square error (MSE) 1.1 %

Table 6.5b Confidence intervals and resolutions of the estimates from the
inversion of low-pass filtered data with 6 unknowns.

Parameter LB Estimate UB Resolution
Hc 65.0 70.0 75.0 0.85
Jxd 0.85 0.91 0.95 0.99
Jyd 0.01 0.025 0.04 0.99
Jzd 1.90 2.03 2.15 0.96
Hd 230.0 243.0 260.0 0.75
Dbd 275.0 290.0 315.0 0.75
αd 65.0 72.0 76.0

126





6.11 Synthesis and interpretation of results

Analyzing the results of all inversion procedures conducted with different data sets
and models and taking into account the results of theoretical modeling which have been
discussed in Chap. 4 and those of the spectral analysis, the following conclusions can be
drawn:

It is more likely that the relatively high magnetic anomaly of the Schönfeld Maar is
caused by a source, having a relatively high magnetization of about 2.0 A/m. If the mag-
netization were supposed to be only induced, it would correspond to a high susceptibility
of nearly 50000×10−6 SI, which is four times that measured susceptibility of the tuffs.
The high magnetization, which can not be related to the induced component alone if the
maar diatreme was supposed to be only made up of tuffs, is probably due to a strong total
magnetization vector resulting from both induced and remanent components, whereas the
NRM (≈ 1.5 A/m) is prevailing. The Koenigsberger ratio Q amounts to a value around
3.5. The direction of the total magnetization vector (I ≈ 68◦, D ≈ 5◦) does not much differ
from that of the ambient geomagnetic field (I = 66◦, D = −3◦). However, the discrepancy
in declinations indicates that the geomagnetic pole has moved from the NNE to the NNW
by about 10◦.

The high magnetization might be explained by the fact that young effusive rocks,
mainly mafic volcanics, and rocks of pyroclastic facies and of extrusive bodies as well, ex-
hibit a strong magnetization with a Koenigsberger ratio Q varying between 1 and 20, gener-
ally due to the NRM component (Palmer and Carmichael, 1973; Dortman and Ishchanyan,
1992). Actually, eruptive rocks of the West Eifel are mainly represented by basanites and
olivine nephelinites, rocks which are very mafic with a high content of Cr-, Ni-, Co-, Ti- and
Fe-oxides (Schmincke et al., 1983). The high NRM might be caused by a thermoremanent
magnetization (TRM) resulting from a quick cooling process.

Another explanation of such a high magnetization could be related to contributions
of different magnetic sources having different susceptibilities and magnetizations. In this
case, I suppose that one or more later eruptions took place and produced rocks with a
higher magmatic fraction (probably mafic). These rocks, which have a higher susceptibil-
ity/magnetization than the former diatreme tuffs, overlay the latter. Indeed, some scorias
have been observed at the NE boundary of the Schönfeld Maar. Since some of these sco-
rias sampled at the surface — supposed to be weathered — have susceptibilities of about
30000×10−6 SI, corresponding to an induced magnetization of 1.2 A/m, those lying deeper
would have a higher susceptibiltity/magnetization. It is not excluded that such scorias lie
within the maar crater overlaying the diatreme tuffs. This would mean that the late erup-
tion(s) took place with a smaller amount of interacting surface and/or groundwater or
without it at all, hence leading to the formation of rocks with a predominantly magmatic
fraction and a higher content of ferrimagnetic minerals. The presence of scorias and the
shape of the anomaly indicate that a scoria cone might be located within the maar crater,
with an offset northwards from the centre of the maar-diatreme structure. But taking into
account that the Schönfeld Maar is one of the oldest maars (0.6–0.7 Ma) of the Westeifel
volcanic field, the scoria cone probably has been strongly eroded. Alternatively, the sco-
ria cone might have been destroyed by a later eruption of a reactivated phreatomagmatic
process which led to its breakdown. In either case, the debris from the scoria cone should
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have mixed with the rocks (lake sediments, tuffs, clastic debris) filling the upper part of
the maar-diatreme, thus also contributing to the relatively high susceptibilities of the rocks
of the maar crater. As determined by laboratory measurements, susceptibilities of rocks
sampled in the maar crater up to 6 m depth are of the same order as those of the tuffs.

As shown by the results of the spectral analysis and of the inversion, a 70 to 100 m
thick crater fill overlays a diatreme of 200 to 250 m height. The maar-diatreme structure
has a height of about 300–350 m, which is smaller than the average diameter (450 m) of the
top boundary and, as supported by results of theoretical modeling, is in a good agreement
with the observed anomaly. While the dip angle of the crater walls averages to about 50◦,
that of the diatreme walls varies between 70 and 80◦.

On Figure 6.14 is shown a vertical cross-section of the geologic-geophysical model of
the Schönfeld Maar, as derived from the results of the inversion and of the spectral analysis.
The related parameters, as well those known as those estimated and derived, are given in
Table 6.6.

Table 6.6 Parameters of the model of the Schönfeld Maar.

Name Rock type Thickness/ Density Magnetization Dip angle
height [m] ρ [g/cm3] J [A/m] of walls [◦]

maar crater lake sediments
upper part mixed with tuffs, ≤ 30 1.95–2.15 0.4–0.5 45–55

devonian clasts
maar crater lake sediments mixed
lower part with tuffs, devonian 40–70 2.10–2.20 0.6–1.0 45–55

clasts and scorias

scoria cone scorias 40–70 1.90–2.65 1.5–2.0

diatreme tuffs 200–250 2.0–2.3 2.0–2.5 70–80
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Hd = 200-250 m

Hc2 = 40-70 m 

Hc1 = 30 m 

Scoria cone 

Diatreme 

45-55°
Maar 
crater 

Crater sediments: clay, sand, silt mixed with tuffs 
and debris of devonian rocks; J = 0.4−0.5 A/m. 

Fig. 6.14  Vertical cross-section of the model of the Schönfeld Maar, derived 
from the results of the inversion and of the spectral analysis.  

Crater sediments: clay, sand, silt mixed with tuffs,  
debris of devonian rocks and scorias; J = 0.5−1.0 A/m. 

Scorias; J = 1.5−2.0 A/m.

Tuffs; J = 2.0−2.5A/m.
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7.  Inversion of gravity and magnetic data of the Hausten-Morswiesen Maar 
 
7.1 The Hausten-Morswiesen Maar, its gravity and magnetic fields 
 
       The Hausten-Morswiesen Maar belongs to the Quaternary East Eifel volcanic field. It is 
located in a valley between the villages Hausten in the Northwest and Morswiesen in the Southeast 
(Fig. 7.1). Its diameter, approximated from the surface boundary defined by the first vertical 
derivative of the gravity field, amounts to 1250 and 850 m, respectively in NNW- and SW-
direction. These values diverge from those of 1500 and 1200 m given by Büchel (1991). The 
gravity and magnetic anomalies of the Hausten-Morswiesen Maar and its vicinity, measured by 
Büchel (1991), are presented on Fig. 7.2a and 7.2b. Beside the main gravity anomaly, there are two 
other small anomalies ─ one in the Northeast and another in the Southeast by the village 
Morswiesen. It is not known whether the  causative structures of these small anomalies are also 
maars or not. The main gravity anomaly is somewhat distorted ─ elongated ─ at both the 
southeastern and north-north-western boundaries. The character of the magnetic anomaly with a 
maximum in the area close to the southern boundary is an indicattion for a relatively shallow source 
(s). Moreover, the magnetic anomaly is very disturbed,  probably due to effects of small near-
surface sources located within the maar and/or  at its boundary.  
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                        Fig. 7.1  Topography of the area of the Hausten-Morswiesen Maar; the  thick lines  

─ the zero contour of the first vertical derivative of the gravity field ─ approximately  
show the surface boundaries of the maar (A) and two other structures B and C. 
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Fig. 7.2a  Observed gravity anomaly  of the Hausten-Morswiesen Maar.
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Fig. 7.3  Gravity profiles;  coordinates of extremal points are (2579.54,5584.4; 2579.54,5585.8)
for (a) and (2579.0,5580.0; 2580.1,5580.0 km) for (b),  respectively. For the model represented 
by the blue curve, the height of the crater has been set to a constant value of 200 m contrarly 
to other cases where it was parameterized and estimated. 
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                          observed                                 residual between observed and computed for model B 
 
   A                    computed : Hc = 101 m, ρc = 1.97 g/cm3, αc = 24°, Hd = 930 m, ρd = 2.08 g/cm3, αd = 80°  
 
   B                         computed : Hc = 95 m, ρc = 2.07 g/cm3, αc = 31°, Hd = 1042 m, ρd = 2.18 g/cm3, αd = 80° 
 
   C                    computed : Hc = 115 m, ρc = 2.25 g/cm3, αc = 36°, Hd = 830 m, ρd = 2.34 g/cm3, αd = 85° 
 
   D                    computed : Hc = 190 m, ρc = 2.24 g/cm3, αc = 45°, Hd = 880 m, ρd = 2.14 g/cm3, αd = 79° 
 
   E                    computed : Hc = 200 m, ρc = 2.25 g/cm3, αc = 36°, Hd = 1040 m, ρd = 2.36 g/cm3, αd = 87° 
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        On Fig. 7.5 is shown a contour map of the residuals between the observed and computed 
gravity data for model B. Some small negative anomalies, more or less circular in shape, occur at 
the maar boundary. Another such anomalous zone is to be seen in the central-northern area, where 
the contour lines are distorted (see also Fig. 7.3(a) between the points 85.1 and 85.3). All these 
residuals occur in the areas where the observed gravity anomaly is distorted and/or where the 
magnetic anomaly manifests local disturbances. The negative character of the anomalies indicates 
that, in the corresponding areas, there are causative masses with negative density contrasts which 
have not been accounted for in the models. Whereas the anomaly in the East is certainly attributed 
to the influence of the small structure B, the nature of the causative sources for the four other 
negative anomalies is still unclear. The positive anomalies in the central- and south-eastern areas 
are probably due to topographic effects. 
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Fig. 7.5  Contour map of the residuals between the observed and computed 
gravity data; the residuals are relative to model B (Hausten-Morswiesen Maar). 
The dashed line shows the uppermost contour of the model body; this contour 
 is assumed  to correspond to the surface boundary of the maar-diatreme.
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7.3 Qualitative and spectral analysis of the gravity and magnetic fields

In order to get a deeper insight into the structure of the Hausten-Morswiesen Maar,
further investigations have been conducted by means of the spectral analysis and the first
horizontal derivative of the field. These tools, based on Fourier techniques, provide with
information about physical/lithological contacts, respectively in the vertical and horizontal
dimensions. First, a rather qualitative analysis of the observed gravity and magnetic fields
was carried out. For this purpose, the fields are again presented on Figures 7.6a and 7.7.
The analysis was supported by the first horizontal derivative of the gravity field (7.6b,
7.6c), which, owing to its high sensitivity, can supply with complementary and detailed
information.

7.3.1 Qualitative analysis

On Figures 7.8 up to 7.14 are presented some profiles of the gravity anomaly, its first
horizontal derivative and of the magnetic anomaly as well. On Fig. 7.6b, 7.8, 7.9 and
7.10, it can be well seen that there is a main maar structure (A) at the northwestern
and southeastern boundaries of which two other small structures (A1) and (A2) occur;
the effects of the latter cause the distortion of the gravity anomaly. On Fig. 7.11(a) and
7.11(b), a flattening/widening of the gravity minimum and two minima of the lows of
the first horizontal derivative are respectively to be seen in the central area. This is an
indication of the existence of another small structure (A3) within the main maar-diatreme.
As deduced from Fig. 7.6b, 7.11(b) and 7.12(b), the two minima are approximately located
at the points (2579550.0, 5585020.0) and (2579530.0, 5585130.0). The first minimum suits
the global observed gravity minimum, the second one — the local gravity minimum caused
by the small strucutre A3. Due to the effect of the small structure A3, the actual gravity
minimum of the main maar-diatreme A has been disturbed and therefore can not be well
defined. But examining the SN-profile of the first horizontal derivative of the gravity field
on Fig. 7.11(b), it is obvious that the actual gravity minmum and consequently the centre
of the maar-diatreme structure nearly lies 50-60 m away from the location point of the
global gravity minimum northwards, namely at the point (2579.550,5585.075).

The complex nature of the Hausten-Morswiesen Maar is reflected more in the magnetic
anomaly than in gravity. This can be seen as well on the contour map (Fig. 7.7) as in some
profiles of the magnetic field in different directions (Fig. 7.8 to Fig. 7.14). In the SE-NW
profile (Fig. 7.10(c)), three sharp peaks are to be seen. The two peaks at the ends of the
profile correspond to the small structures A1 and A2, which have been outlined by the first
horizontal derivative of the gravity anomaly. The peak in the central area, also to be seen
in the SN-profile (Fig. 7.11(c), confirms the existence of the small structure (A3), already
indicated by the first derivative of the gravity field. The effect of this small structure is
noticeable as well in the change of the pattern of the contours as in the highened intensity
of the magnetic anomaly in the central area. Due to the effect of the small structure A2
at the SE-boundary, the magnetic anomaly has been somewhat extended southeastwards.
Another small anomaly, which seems to be caused by a dipole source, is to be seen at
the western boundary of the structure (Fig. 7.7 and 7.13(c), between the points 84.9 and
85.1). Moreover, as shown on Fig. 7.6b, 7.6c, 7.7 and Fig. 7.12(b), 7.12(c), there is a
considerable distortion of the contour lines of both the horizontal derivative of the gravity
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and the magnetic field in the central-western areas. Both effects — the small anomaly and
the distortion — are probably caused by a further small structure (A4) at the western
boundary of the main structure. The sharpness of the magnetic anomalies caused by the
four small structures is clearly indicative for shallow sources.

Another characteristic of the magnetic anomaly is the stretching northwestwards (Fig.
7.7). This seems to be the effect of a (near)-surface source other than the diatreme tuffs. In-
deed, according to Pirrung (1997), some juvenile components (basalts and leucite phonolite
bims), which originated from one or more nearby eruption centres, occur within the crater
sediments at different depths (Fig. 7.4). The stretching of the anomaly suggests that the
ejected volcanic material came from the northwestern side into the maar crater, whereby
a portion of it deposited at the northwestern boundary, where it causes the anomaly dis-
played between the points 85.15 and 85.45 of the profile M5-M5′ (Fig. 7.13(c)). Relying
on the results of the core analysis conducted by Pirrung (1997) and assuming an average
sedimentation rate of 0.75 mm/a (pers. comm. F. Sirocko), it can be deduced that the
nearby volcanic eruptions occurred with an interval ranging from 1 to 9 Ka during the
posteruptive development of the maar. The last eruption probably took place about 30
Ka ago.

The results of this analysis confirm those of gravity inversion, namely the existence
of secondary small structures in the area of the Hausten-Morswiesen Maar. However,
due to undersampling of the gravity field (see Fig. 7.6a) and to disturbing effects of the
small structures, the boundary of the main structure cannot be clearly defined by the first
horizontal derivative. Two plausible hypotheses are schematically shown on Fig. 7.6b: the
surface boundary of the maar corresponds either to the dashed green contour (maximum
of the first horizontal derivative of the gravity field) or to the solid one, which fits that
defined by the first vertical derivative. In the first case, the main maar-diatreme structure
would have an approximate surface diameter of 930 and 640 m in NNW and SW-direction,
respectively. In the second case, the diameter would respectively amount to 1250 and 830
m. Accordingly, the small structures A1, A2, A4 would have formed outside the main one,
in the outer boundary areas or within it, in the inner boundary areas. It is planned later
to conduct gravity inversion again using the inner boundary as known top contour of the
maar, in order to compare the results and know more about the horizontal extent.
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Fig. 7.6a  Observed gravity anomaly  of the Hausten-Morswiesen Maar. The yellow 
crosses correspond to observation points; the dashed lines show the directions 
of the profiles (gravity and its first horizontal derivative), considered in the analysis. 
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Fig. 7.8 SN-profiles of the observed gravity field (a), its first horizontal derivative (b) and of
the magnetic field (c). Coordinates of extremal points are (2579.36,5584.4; 2579.36,5585.8),
(2579.36,5584.4; 2579.36,5585.7 km) for G0-G0' and M0-M0', respectively.

84.4 84.6 84.8 85.0 85.2 85.4 85.6 85.8

Distance (55...km)

0.0

2.0

4.0

6.0

8.0

10.0

1s
th

or
iz

.g
ra

di
en

t(
m

G
al

/k
m

)

(a)

(b)

84.4 84.6 84.8 85.0 85.2 85.4 85.6 85.8

Distance (55... km)

-100

0

100

200

M
ag

ne
tic

fie
ld

(n
T

)

M0
M0'

(c)

G0 G0'

144

A1
A

A1



0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

Distance (km)

-2.0

-1.0

0.0

1.0

2.0
G

ra
vi

ty
fie

ld
(m

G
al

)

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

Distance (km)

0.0

2.0

4.0

6.0

8.0

10.0

12.0

1s
th

or
iz

.g
ra

di
en

t(
m

G
al

/k
m

)

Fig. 7.9 SENW-profiles of the gravity field (a), its first horizontal derivative (b) and of the
magnetic field (c). Coordinates of extremal points are (2580.14,5584.4; 2579.0,5585.54),
(2580.0,5584.4; 2579.0,5585.4 km) for G1-G1' and M1-M1', respectively.
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Fig. 7.10 SENW-profiles of the gravity field (a), its first horizontal derivative (b) and of the
magnetic field (c). Coordinates of extremal points are (2580.05,5584.4; 2579.15,5585.8),
(2579.87,5584.4; 2579.22,5585.7 km) for G2-G2' and M2-M2', respectively.
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Fig. 7.11 SN-profiles of the observed gravity field (a), its first horizontal derivative (b) and of
the magnetic field (c). Coordinates of extremal points are (2579.53,5584.4; 2579.53,5586.0),
(2579.53,5584.4; 2579.53,5585.7 km) for G3-G3' and M3-M3', respectively.
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Fig. 7.12 WE-profile of the observed gravity anomaly (a), its first horizontal derivative (b) and
of the magnetic anomaly (c). Coordinates of extremal points are (2579.0,5585.0; 2580.4,5585.0),
(2579.0,5585.0; 2580.1,5585.0) km for G4-G4' and M4-M4', respectively.
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Fig. 7.13 SN-profiles of the observed gravity anomaly (a), its first horizontal derivative (b) and
of the magnetic field (C). Coordinates of extremal points are (2579.06,5584.4; 2579.06,5585.8),
(2579.05,5584.4; 2579.05,5585.7 km) for G5-G5' and M5-M5', respectively.
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Fig. 7.14 SWNE-profiles of the gravity field (a), its first horizontal derivative (b) and of the
magnetic field (c). Coordinates of extremal points are (2579.0,5584.48; 2580.12,5585.6),
(2579.0,5584.5; 2579.0,5580.1 km) for G6-G6' and M6-M6', respectively.
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Fig. 7.15a  Logarithmic power spectrum of the gravity field (Hausten-Morswiesen Maar).
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Fig. 7.15b  Logarithmic power spectrum of the magnetic field (Hausten-Morswiesen Maar).
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Fig. 7. 16  Low- and high-pass filtered components (respectively up and 
down) of the gravity anomaly of the Hausten-Morswiesen Maar.
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Fig. 7. 17  Low- and high-pass filtered components (respectively up and 
down) of the magnetic anomaly of the Hausten- Morswiesen Maar.
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Fig. 7.18  Gravity profiles of the Hausten-Morswiesen Maar;  coordinates 
of extremal points are (2579.54,5584.4; 2579.54, 5585.8) for (a) and 
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computed; model B (from previous inversion in 7.2). observed; 

Model F; Dtm = 750 m; Hd = 690 m; Dbd = 405 m; 

Model G; Dtm = 750 m; Hd = 895 m; Dbd = 410 m;

α = 80° ; ρ = 2.290 g/cm**3

α = 83° ; ρ = 2.330 g/cm**3
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Model H; Dtm = 750 m; Hd = 780 m; Dbd = 490 m; α = 85° ; ρ  = 2.342 g/cm**3



7.5 Inversion of low-pass filtered magnetic data

Since the analysis results show that the magnetic anomaly is too complicated due to
effects of near-surface sources, low-pass filtered data were rather used for inversion. Some of
the geometric parameters estimated by gravity inversion and by the spectral analysis served
as a-priori information. The same geometric model was used as in gravity inversion. But
the height of the crater and the dip angle of its walls were assigned constant values of about
250 m and 45◦, respectively. Inversion has been conducted in two different procedures.
In the first procedure, it has been assumed that the magnetization of the source(s) below
the 100 m depth is the same and only induced. Three unknowns were parameterized: the
susceptibility (χ), the height (Hd) and the bottom diameter (Dbd) of the diatreme. The
elements of the geomagnetic field were assigned values computed by the IGRF (Fo = 48000
nT, I = 66◦, D = −1◦). In the second procedure, the magnetization was assumed total
and having any direction. Its three components (Jx, Jy and Jz), together with the two
geometric parameters Hd and Dbd, were considered as unknowns.

The major inversion results for the representative models of both procedures are shown
in Tables 7.9a, 7.9b. and on Figures 7.19, 7.20, 7.21 as well. Generally, none of the
models achieves a good fit, whereby the misfit is worst for models M and N in which the
magnetization was assumed induced. Among the models in which the magnetization was
considered total, model P yields better results (Tab. 7.9a, 7.9b). The magnetization has
been estimated to about 0.73 A/m; this value corresponds to an apparent susceptibility
of 19055×10−6 SI, which is higher than the average susceptibility (10000×10−6 SI) of the
tuffs of the Eifel maars. Tuffs of some of the Eifel maars have high susceptibilities due
to a relatively high content of mafic components (see Chapter 2). This might be valid
for the Hausten-Morswiesen Maar too. Otherwise, a certain amount of a NRM, smaller
than the induced component, should be contributing to the anomaly. The inclination (I)
and the declination (D) of the total magnetization are respectively 59 and 9◦; those of the
NRM equal 46 and 20◦, for an induced magnetization Ii = 0.48 A/m, corresponding to an
assumed homogeneous susceptibility of 12570×10−6 SI. The estimates of the height (Hd)
and the bottom diameter (Dbd) of the diatreme are about 500 m each. So, the total height
of the maar-diatreme amounts to about 750 m. By the way, this value nearly matches that
estimated by gravity inversion in 7.4.

As can be well seen on Figures 7.19, 7.20 and 7.21, even for model P, there still are
strong discrepancies between the computed and the low-pass filtered anomalies. It is to be
pointed out that geometric factors, such like the irregular shape of the maar and certainly
the mismatch between the top contour of the model and the real surface boundary of
the maar, also to some minor extent contribute to the discrepancies. Nevertherless, the
results confirm those obtained so far. The anomalies of the residuum occur in those zones,
which have been revealed by the preceding results. So, beside the main maar-diatreme,
other smaller sources located within the latter and at its boundary are contributing to
the magnetic anomaly. Taking into account that low-pass filtered data were used for
inversion, the occurence of the residual anomalies indicates that the vertical extent of
some or all the sources of the high-pass filtered (local) anomalies is deeper than 100 m.
This especially applies to the small structure A2 at the south-eastern boundary, where
the anomaly is strongest. The structure A2 might be a maar-diatreme volcano too. The
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causative structure A3 in the central areas might be an intrusive body (a pipe or a dome).
The shape of the low-pass filtered anomaly (Fig. 7.17) and the residual anomalies at
the SE- and NWW-boundaries (Fig. 7.21) indicate that some mafic 2D-sources might be
contributing to the whole magnetic effect. Such sources might be the remains of dikes,
which have been destroyed by phreatomagmatic explosions or dikes which formed either
during the same volcanic activity as the maar-diatreme or during the posteruptive phase
due to a reactivation of the tectono-magmatic processes.

Table 7.9a Results of inversion of low-pass filtered magnetic data; estimated
and derived parameters for model P.

Parameter Value Unit
Average diameter of the top boundary of the maar (Dtm) 1020.0 m
Average diameter of the crater bottom (Dbc) 530.0 m
Thickness of the upper layer of the crater sediments 100.0 m
Average height of the maar crater (Hc) 250.0 m
Average slope of the crater walls (αc) 45.5 ◦

Average height of the diatreme (Hd) 510.0 m
Average diameter of the diatreme bottom (Dbd) 510.0 m
Average slope of the diatreme (αd) 88.0 ◦

X-component of the total magnetization (Jx) 0.3675 A/m
Y-component of the total magnetization (Jy) 0.0595 A/m
Z-component of the total magnetization (Jz) 0.6254 A/m
Total magnetization (J) 0.7278 A/m
Inclination of the total magnetization (I) 59.2 ◦

Declination of the total magnetization (D) 9.2 ◦

Computed apparent susceptibility (χ) 19055×10−6 SI
Remanent magnetization (Jr) 0.262 A/m
X-component of the remanent magnetization (Jxr) 0.1723 A/m
Y-component of the remanent magnetization (Jyr) 0.0630 A/m
Z-component of the remanent magnetization (Jzr) 0.187 A/m
Inclination of the remanent magnetization (Ir) 46.0 ◦

Declination of the remanent magnetization (Dr) 20.0 ◦

Koenigsberger ratio (Q) 0.5 –

Table 7.9b Confidence intervals and resolutions of the estimates; model P.

Parameter LB Estimate UB Resolution
Jx 0.347 0.367 0.389 0.96
Jy 0.044 0.060 0.075 0.98
Jz 0.602 0.625 0.650 0.91
Hd 357.0 513.0 668.0 0.81
Dbd 354.0 510.0 665.0 0.63
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Fig. 7.19a  SE-NW-profiles of the magnetic field; Hausten-Morswiesen Maar;
coordinates of end points : (2580.0, 5584.4; 2579.0, 5585.4) km.
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Fig. 7.19b  SW-NE-profiles of the magnetic field; Hausten-Morswiesen Maar;
coordinates of end points: (2579.0, 5584.5; 2580.1, 5585.6) km.  

 
                          low-pass filtered                                               residual  for model P. 
 
       M                computed : Hc = 250 m, αc = 46°, Hd = 600 m, αd = 81°, Ji = 1.37 A/m, I = 66°, D = -1° 
 
        N                    computed : Hc = 225 m, αc = 43°, Hd = 1140 m, αd = 82°, Ji = 1.33 A/m, I = 66°, D = -1° 
 
       O                computed : Hc = 220 m, αc = 42°, Hd = 485 m, αd = 90°, Jt = 0.74 A/m, It = 63°, Dt = 13° 
 
       P                computed : Hc = 250 m, αc = 46°, Hd = 515 m, αd = 89°, Jt = 0.73 A/m, It = 59°, Dt = 9° 
 
       Q                 computed : Hc = 220 m, αc = 46°, Hd = 390 m, αd = 86°, Jt = 0.75 A/m, It = 59°, Dt = 15° 
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Fig. 7.20a  S-N-profiles of the magnetic field; Hausten-Morswiesen Maar;
coordinates of end points : (2579.55, 5584.4; 2579.55, 5585.7) km. 

Fig. 7.20b  W-E-profiles of the magnetic field; Hausten-Morswiesen Maar;
coordinates of end points: 2579.0, 85.05; 2580.1, 5585.05) km.
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                         low-pass filtered                                                          residual for model P. 
 
       M               computed : Hc = 250 m, αc = 46°, Hd = 600 m, αd = 81°, Ji = 1.37 A/m, I = 66°, D = -1° 
 
        N                  computed : Hc = 225 m, αc = 43°, Hd = 1140 m, αd = 82°, Ji = 1.33 A/m, I = 66°, D = -1° 
 
       O              computed : Hc = 220 m, αc = 42°, Hd = 485 m, αd = 90°, Jt = 0.74 A/m, It = 63°, Dt = 13° 
 
       P               computed : Hc = 250 m, αc = 46°, Hd = 515 m, αd = 89°, Jt = 0.73 A/m, It = 59°, Dt = 9° 
 
       Q               computed : Hc = 220 m, αc = 46°, Hd = 390 m, αd = 86°, Jt = 0.75 A/m, It = 59°, Dt = 15° 
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Fig. 7. 21  Residuals between the low--pass filtered and computed 
magnetic anomalies for model P;  Hausten-Morswiesen Maar.   
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Table 7.10 Model parameters of the Hausten-Morswiesen Maar. 
 

 
Name 
 

 
 Diameter  
 Top [m] 

 
 Diameter 
 Bottom [m]

   
   Height 
      [m] 

  
   Density 
  ρ [g/cm3] 

 
Magnetization 
      J [A/m] 

 
 Dip angle
    α [°] 
 

 
Maar crater 
Upper part 
 

 
     1050 

  
  100 ± 20 

 
  2.05 ± 0.10

 
   0.3 ± 0.05 

 
  40 ± 10 

 
Maar crater  
Lower part 
 

  
   500 ± 100

 
  150 ± 50 

 
  2.20 ± 0.10

 
   0.7 ± 0.05 

 
  40 ± 10 

 
 
Diatreme 
 

  
   
  400 ± 100 

 
 800 ± 200a 

 
 500 ± 150b 

 

 
 
  2.25 ± 0.10

 
    
  0.7 ± 0.05 

 
   
  80 ± 10 

 

                                                                  a , b respectively from gravity and magnetic inversion. 
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Fig. 7.22  Vertical cross-section of the model of the Hausten-Morswiesen Maar, based on
interpretation results; the dashed outline shows the cross-section of the diatreme 
estimated by magnetic inversion. 
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          Refering to the depths of 350 and 190 m indicated by the low frequency component of the 
power spectrum of the gravity field, it is more likely that a major part of the crater sediments, 
namely those lying in the central area, subsided, while those lying in the peripheral areas did not. 
Considering that the 350 m apparent depth exceeds the true depth, the latter is roughly estimated to 
250–300 m. This means that the sediments have undergone a subsidence of 50 to 100 m. The small 
structure B by Morswiesen in the Southeast is supposed to be a maar too, which formed during the 
same volcanic activity as the main structure A. An areal picture of the Hausten-Morswiesen Maar 
and its associated small structures is presented on Fig. 7.23. Since the small structures A1–A4 
formed within the main maar-diatreme volcano, the dashed line corresponding to the maxima of the 
horizontal derivative of the gravity (Fig. 7.23) then marks the sharp contact between the top of the 
crater sediments and the country rocks. Indeed, the surface boundary of the crater sediments does 
not fit that of the maar crater, especially for relatively young maars.  
         The results of all interpretation methods show that the Hausten-Morswiesen Maar is a very 
complex structure. Thus, further investigations are required for a better knowledge. It is especially 
recommended to carry out detailed gravity and magnetic surveys in order to get more data, which 
can enhance interpretation. 
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Fig. 7.23  Areal picture of the complex structure of the Hausten-Morswiesen Maar, 
derived from a cooperative interpretation of gravity and magnetic data. The thick 
black lines approximately show  the boundaries of the main maar A and its asso-
ciated smaller (subsidence ?) structures A1-A4; the dashed line shows the surface 
contact between the crater sediments and the country rocks ; the yellow line shows 
another small (maar?) structure B, probably also related to A.  
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 Fig. 8.1 Relationship between diameter and height for some Eifel maar-diatremes.

straight line corresponding to a 1:1 diameter to height ratio

Regression line from data corresponding to present day surface diameters
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corresponds to approximate present day surface diameters of the maar-diatremes
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 Fig. 8.2a  Relationship between the diameter and the size of the gravity
 anomaly for some Eifel maar-volcanoes. 

169

0 400 800 1200 1600 2000
Diameter (m)

0

400

800

1200

1600

M
ag

ne
tic

 a
no

m
al

y 
(n

T)

Fig. 8.2b  Relationship between the diameter and the size of the magnetic 
anomaly for some Eifel maar-volcanoes.



9. Discussion and conclusions

Maar-diatreme volcanoes form following to phreatomagmatic processes triggered by
magma/groundwater interaction. These processes are mainly controlled by geomorpholog-
ical, tectonic, thermodynamic, hydraulic conditions and by the mechanical properties of
the rocks as well, factors which vary from locality to locality. This leads to different rela-
tionships between the diameters and the heights of the maar-diatremes and, as a matter
of fact, to different dip angles of the walls of the latter. Diatremes of maar-volcanoes are
filled by tuffs, overlain by crater lake sediments. Within some maar-diatremes occur other
geologic features such like scoria cones, dykes and intrusions, which affect the physical
fields. Density and magnetic properties of the maar-diatreme rocks differ from a maar to
another. They mainly depend on the composition but diverse factors such like the thermal,
climatic and diagenetic conditions under which the rocks formed might considerably affect
them. Generally, the density and the magnetization of crater sediments are smaller than
those of diatreme tuffs. Concerning the magnetization, a remanent component — DRM
for the sediments and a TRM for the tuffs — is sometimes present and much higher than
the induced one.

The observed geophysical anomaly of a maar-volcano is a function of all the factors
mentioned above and further others. So, it can not be related to only one parameter
of the structure. According to Lorenz (1986), a larger diameter of the maar-diatreme
would imply a greater depth of the diatreme root and a higher value of the geophysical
anomaly. Generally, it is also said that the surface diameter and the height of the maar-
diatreme are in the one to one ratio. As can be seen in Table 8.1, on Figures 8.1 and
8.2, contrary to the above postulates partly referring to kimberlite pipes, there exists no
generalized systematics between diameter and height nor between geophysical anomaly
and dimensions of the maar-diatremes. The Pelm and the Dehner Maars have diameters
which are more than twice the respective heights. The magnitude of the gravity anomaly
of the Schönfeld Maar is greater than that of the Roth Maar though the latter has a larger
diameter. The magnetic anomaly of the Schönfeld Maar is highest though the latter is
smaller than all the maar-diatremes studied. The height and/or the dip angle of the walls
of each maar-diatreme has to be individually estimated. However, the graph on Fig. 8.2a
shows that the gravity anomaly generally increases with the size of the diameter of the
maar. Moreover, the results in Table 8.1 show that the diameter to height ratio for about
50% of the studied maar-diatremes is around 1. I assume that a 1:1 diameter to height
ratio applies to maar-diatremes of Type I (Chap. 8), the extent of which, according to
the theory, increases in depth as the ascending magma interacts with groundwater. If
the conditions are favourable for a long time phreatomagmatic process, the height might
be much larger than the surface diameter. In such a case, the height estimate by the
approximation method is too inaccurate and should be considered as the minimal size.
Actually, as was established in Chapter 4, the increase of the height to diameter ratio
above a certain value (h/d ≥ 1) does not bring much change in the gravity response of
the maar-diatreme structure, especially for diameters less than 1000 m (normal range of
maar-diatreme diameters).

Inversion results showed that physical properties most strongly affect the behaviour
of the model. Thus, the maar-diatreme can not be well resolved by gravity and magnetic
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inversion without a good knowledge of density and magnetic properties. This is especially
valid for magnetic inversion, due to the complicated character of the magnetic field, which
is defined not only by scalar but also by vector parameters involved. Even if the properties
were well known, a good resolution of the diatreme would be hardly achievable since the
effect of the deepest masses on the model response is very small. This is confirmed by
inversion results, in which the resolution of the estimate of the diatreme height is mostly
worst. Another handicap is the non-uniqueness of most geophysical inverse problems in
general (Treitel and Lines, 1988) and particularly of potential field problems (Al-Chalabi,
1969), due to a covariation/correlation between different parameters.

A series of further problems impede the inversion. Maar-diatremes are outcroping,
which means that measurements are made directly within the structure itsself. So, the
observations are affected by all kind of inhomogeneities. Small errors in position of obser-
vation/computational points might introduce large errors in model response. Moreover,
the shape of most maar-diatremes is characterized by irregularities — especially at the
surface — which can not be properly accounted for, in modeling. Mathematically, the
inverse problem can not be exactly solved since there always exists a null-vector space,
which can not be seen. In terms of geology, this means that there are unknown geologic
factors or others which affect the geophysical field but can never be seen/considered.

The choice of the model, which at best fits the observations, should be made using all
available information, as well a priori as a posteriori and last not least, a good reasoning
of the interpreter. The selected model should be given with probabilistic bounds. The
standard deviations used to define the probability intervalls of the estimates should be
adjusted for the linear dependence (covariation) of parameters.

The use of only one method can not, generally, guarantee a reliable determination of
the maar parameters. The investigation of maar-diatreme volcanoes by combined gravity
and magnetic methods can ensure satisfatory results. But some maar-volcanoes are very
complex structures. Therefore, beside modeling, further interpretation tools such like
spectral analysis, field transformations, should be used to get complementary information,
which can help to better understand the nature of the structures. In some cases, due to
specifc physico-geological factors, anomalies might mainly be caused by only one particular
parameter and thus can not be simply related to the whole structure. For example, a high
remanent magnetization or a very low density of a single section of a maar-diatreme can
almost alone explain the anomaly. This is the case in the Messel Maar, where the magnetic
anomaly is mainly caused by a high remanent magnetization of a 60 m thick tuff layer, lying
at about 300 m depth, while the gravity anomaly is predominantly caused by very light
oilshales, lying in the crater above 200 m depth (Schulz et al., 2002; Wallner et al., 2003).
In such a case, gravity and magnetic methods must be assisted by other geological and
geophysical techniques for a clear and complete insight into the nature of the maar-volcano.
Good data sets are required to enable and ensure a reliable interpretation. Therefore, an
accurate data acquisition, together with a sufficient coverage, is highly recommended.

Though the formation of the maar-diatreme volcanoes is similar to that of the kim-
berlite pipes, I think that they formed in different thermodynamic and hydrogeological
environments. In the case of kimberlite pipes, both interacting magma and groundwater
were probably supplied by deep and large reservoirs. Large amounts of magma and water
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under high pressure and temperature conditions contributed to a relatively long period
phreatomagmatic process, which led to large structures. It is not excluded that some
volatiles might have also contributed to the process. The occurence of diamonds in kimber-
lite pipes supports this hypothesis. Concerning the maar-diatreme and tuff-ring-diatreme
volcanoes, the phreatomagmatic process takes place due to an interaction between magma
from small and shallow magma chambers (probably segregated magmas) and relatively
small amounts of near-surface groundwater under low temperature and pressure condi-
tions. This leads to shorter time eruptions and consequently to structures of smaller size
in comparison with kimberlite pipes. Nevertherless, the dip angle angle of the diatreme
walls is similar to that of the kimberlite pipes and varies between 70 and 85◦; that of the
crater walls — between 30 and 50◦. As shown by combined interpretation results for the
Hausten-Morswiesen Maar, subsidence processes can take place during the posteruptive
development of maar-volcanoes and lead to the formation of smaller structures within the
latter.
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���� 0�������� �� ��/�����
���������� ��� �D������� ����� �� ��������/������� (����� �������� �������7����� ����
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������ �	"	� ��� $������� �	5	� 
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/���� ���7����. ,������������� ��� ��	 
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������ �	"	� ��� $������� �	5	� 
�83�� ���/� ��/������� - ����������� �� ��������/����
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5��������. A���	���7	 >�����&�B	?� +���	 #�������� �	 	
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$	�  &��'��� �	�  ���(���� �	� ��� )������ �	� "��	� *������ +�����	 ,�� �������
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������ ����� "D������� '��  ����7��/ ��� '��  ���������  ��� �� ��� 5����
�����. %����� ��	

=�%� A������� =� 5�����/ %���� 
� A	�	 <��������/�� !�������� 
��G� =������������
%����/����� ��������� #���� �������� 
��8. %���������� ��� 98;198�	

:������� A	A	� 
�82� =������������� �� ����������� ����Æ����� ��� ������������ ����. %���
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:���7�� 5	�	� 
�;8� K� ��� ����������� �� ��� /������ �B��� �� ��7�������� ������ �����
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:���7�� 5	�	� 
�83� %������ ���/���� ��� ��������� ������������� �� �D����� ���� 7�����.
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:&������� �	� +������� :	� K�/������ 5	� )������� �	� ��� 5�/����'� 0	� 
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� "���������
������������ ��������� �� ��� ����� ��� ����� ������ 7������ ��� �������  ������
�� #����� $	� ��� %������ $	�  &��'��� �	�  ���(���� �	� ��� )������ �	� "��	�
*������ +�����	 ,�� ������� )����� - � ���� �������. )����/���0����/� 2��1
32	

$����� �	� :���7�� 5	�	� )������ *	�
��8�  ����/�������� ������� ����������� �� @����(���
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$������ �	� $	� �� ��	� 
�8;� %��������������� +����������/�� �� ��������� ��� �����
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$�����E�� �	� *�P���E�� :	� *�����E�� �	� 
�;8� *������7�����/ ��������� �� ��� !���E� )�P�����
��P��  ��������. )7����� /����/���E��� �P��� /����/��� P���� %	 ��	� ��� 
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$���� %	�	� $���� ,	 	� 
�;��  ����������� ����7��� ��� ���������� ��� ��/������.
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�;9� �� ������������ �� ����������� ������ �� /����/�.
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�88� � ������ ����������� �� /������ ��� ��/����� ��������� ������ 7� 2� ���

������������ 7����� �� ��7������ ����� ��� ��7������ ��/����� ������'����� 7�
���������������� ������ ��� � ������L�� ��7�� ������. %���������� 	�� ;
31;22	

��(���� !	 �	� ��� ������� �	 :	� 
�8G� )�����/ ����� ������� ���7����. *�������������
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������ �	�	� ��� ,������� )	� 
��G� � �����( �� ����� ������� ��������� ��� ��� ������������
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������ �	�	� )�����'� �	$	� ��� ,������� )	� 
���� !���������� ��������� �� /���������� ����.
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���� !������ �� �B������ ������� - ��� �� /������ ����� ��������������
��� ����������� 7�����. %���������� �	� 
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�&������'� 5	� 
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����� �� ���7������ ���������� �� ������� �	�	� A�(���� :	<	� A������ �	�	� ���
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�����'� 0	� ��� <&������ %	� 
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5��������.  ���	 *��������� ��� 2�1
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�����'� 0	� ��� <&������ %	� 
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�����'� 0	� 
��2�  ���� ��� )���������/�� ��� 5��������. )������� ��� 5������������ ��
2;1
8	

�����'� 0	� 
��9�  ���� ��� ��������� �� ���������/����� ���/�� - � �����(. ,����	
/���	 )��	 )	 ���	� ��� G9�1G83	
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 &��'��� �	� ����� %	� ��� J������� $	� 
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� ���/�� ����/�� �� ��� �������  �����. ���
����������� ��� ��������� �� #����� $	� ��� %������ $	�  &��'��� �	�  ���(����
�	� ��� )������ �	� "��	� *������ +�����	 ,�� ������� )����� - � ���� �������.
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 ��������� A	5	�
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 ������ :	� *������� !	� ��� #����� $	� 
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� ,�� ���/����/� ������� ���������� �D��������
�� ��� �������  ������ �� #����� $	� ��� %������ $	�  &��'��� �	�  ���(���� �	�
��� )������ �	� "��	� *������ +�����	 ,�� ������� )����� - � ���� �������.
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��� ����� �������� �� ������ �������� ���������� �� #����� $	� ��� %������ $	�
 &��'��� �	�  ���(���� �	� ��� )������ �	� "��	� *������ +�����	 ,�� �������
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 ����� 5	� 
��G� %���������� ���� �������� - A������� ������� ������. ������� *����
=��	

 ��������  	:	� 
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 ������ �	� 
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�� 5�����(���. J	 ��	 /���	 %��	� ���� 28�12�
	
 &������)������� A	� ����� *	� ��� ���������'� �	%	� 
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�;9� %������ �������������� ����/ ��� #������ ����/���.
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�� #����� $	� ��� %������ $	�  &��'��� �	�  ���(���� �	� ��� )������ �	� "��	�
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	   Fig. 2.2  Map of the eruption centres of the Quaternary Westeifel Volcanic Field  
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	   Fig. 6.12  SN-profile of pseudo-gravity of the Schönfeld Maar. 




