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Outline: 

 

1.  Introduction to micro-gravity measurements 

2.  Example 1:   Volcanology 

3.  Example 2:   Groundwater variation 

4.  Example 3:   Tectonic research in Antarctica (feasibility study) 

5.  A new gravimeter for precise measurements: The Burris meter 
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Micro-gravimetry at volcanoes –some basics 



The most spectacular example:  Campi Flegrei, Italy – the so-called Serapis Temple 
and the elevation and gravity changes  

The old market place 
Puzzuoli 

(Campi Flegrei homepage) 



 Tilling and 
Dvorak (1993) 

Photo taken in the year 
1970 

and in 1986: 



Derivation of subsidance and uplift related to  
the sea surface 
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erosion due to breakwater 

and sea shells / worms 



Correlation of gravity and elevation changes: 

Deformation crises of the years 1982 to 1985 along the Gulf of Pozzuoli.  
(Campi Flegrei homepage) 



The vertical gradient for 
Puzzuoli: 
 
Note the strong correlation of elevation and 
gravity changes, the free-air gradient and the 
residual gravity changes;  
 
But, the deviation from the expected changes 
containes the information about the ongoing 
processes. 
 
(Trasatti and Bonafede) 
 
 



nach Rymer (1996), vergl.  Scarpa and Tilling (1996) 

Gravity increase Δg(μGal)  

Height increase 
Δh(m) 

Magma 
intrusion, 
devesiculation 
or void filling 
or rise in  
water table 

Magma 
vesiculation 
or drainage, 
creation of voids 
or fall in water 
table 

Mass  

Gravity  
decrease -Δg(μGal) 

Mass  

Height decrease 
-Δh(m) 

Free air 
gradient FAG 

Bouguer-corrected 
free air gradient 
BCFAG 

Micro-gravimetry and deformation – basic relations:  
       



Another example shows contrary behaviour: 

Especially andesitic volcanoes  
Provide gravity variations 
without the expected elevation 
changes ! 



Mayon volcano, Philippines: 

                                                     eruption 1984 



3. Micro-gravity  

    network and  

    measurements 
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In all:  

16 stations along the profiles 

     MRH and TLC 

  3 points as local reference 

  7 points as distant reference 

 

  3 gravimeters used in parallel 



Pictures of our points around Mayon: 

Some points are easy to reach, others not …  

Cagsawa church, 

destroyed 1814 

On the way uphill to  

Mayon Resthouse  

and the observatory  



… carrying the gravimeters along an active 

lahar channel … 

Note red arrows marking the way: The lower one  

from the current year, the upper one from the  

year before … 



GPS measurements on a lahar  

protection dam – gravity point on  

the foot of the dam. 

 

 

Measurements on a school yard in a 

small village:  Always lots of 

spectators … 
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4. Observed variations:  

    Significant gravity changes but no significant elevation changes 

     (note error bars) 



Mayon Resthouse Profile

(4-1)

(2-1)

(3-1)

(5-1)

0 1 2 3 4 5 6 7 8 9

distance from top [km]

-300

-100

100

300

500

700

900

1100

1300

1500

n
m

/s
²

(4-1)

(2-1)

(3-1)

(5-1)

0 1 2 3 4 5 6 7 8 9 10 11

distance from top [km]

-400

-200

0

200

400

600

800

1000

1200

1400

1600

1800

n
m

/s
²

Tumpa Lahar Channel

Obtained gravity variations 

for both profiles: 

 

 

 

Mayon Resthouse (MRH) 

 

and 

 

Tumpa Lahar Channel (TLC) 
 

Note: 

Variations are restricted to the area 

of the volcano (radius < 8 km). 

 

MRH had more points due to 

the road uphill, but many were  

lost after reconstruction. 



 

5. Our simple model: 

 

      DEFLATION 

 

Basic idea: After the first  

campaign Mayon erupted in  

February 1993. Thus, we  

expected to monitor decreasing 

activities, although the gravity  

variations increased. 

 

The only explanation possible 

was redistribution of mass from 

above our network to below; 

thus, we assumed a process  

in the volcanic vent.   



  

 

model version 

 

1 

 

2 

 

3 

 

4 

 

5 
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max. 

observed 

[nm/s²] 

Radius     [m] 200 200 300 300 400 400 

Density 

difference [kg/m³] 

400 600 400 600 400 600 

Tumpa   Lahar   

Channel   [nm/s²] 

155  233 349 524 621 931 1579   

Mayon     [nm/s²] 

Resthouse   

297  445 668 1002
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Tumpa Lahar Channel profile

Mayon Resthouse profile

models (1) ... (6)(6)

Table:  Model parameters 

for the vent – radius and  

density differences. 

Comparison of observations for both 

profiles with the different  models;   

note the consistency of both data sets  

and the difference to the modelling  

results.  

The model and its  

parameters   



Geodynamic Observatory Moxa: 
 
Investigation of the local water storage 

system with regard to global data to 

correct the SG-data for local effects; 

Therefore, a local network of points was  

Installed, and up to six well calibrated  

gravimeters with feed-back were used in 

parallel during each campaign. 











tightening awning installed to protect the soil above SG 



     tightening awning installed to protect the soil 







… and now off and away to 

     Antarctia !! 

Map of Antartica with Northern 

Victoria Land marked by the 

red square  
 

(from Behrendt et al., 1993). 
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The Italian polar transport ship ITALICA  

In Lyttleton, near Christchurch, NZ  
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Through the ice to an active volcano, Mt. Melbourne, at Terra Nova Bay: 
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Comparison of gravity fields off-shore derived from different sources:

Left:     Marine measurements and satellites 

(Bouguer anomaly;  BGR)

Right:   Satellite altimetry – note higher

resolution (free air anomaly;  KMS)  

Marine gravity fields (left, Bouguer anomaly based on Sandwell,  

1990) and the new gravity field (right, section from the global map  

free-air anomaly, from Andersen et al., 2005). On-shore Bouguer  

gravity anomaly map (left) was compiled from different sources  

(GANOVEX VIII homepage: Gravity survey at the Oates Coast).  



 
VLNDEF: 

 
the network: 



VLNDEF:   Documentation 



Fig. 4 from Cabra et al. 
(2007): Absolute 

horizontal movements 
derived from observations 

carries out between 
December 1999 and 

January 2003; values in 
mm/yr and error-circles 
for a significance level of  

95%. 
● 

●  TNB1  
Permanent GPS-station 

scale 



Fig. 5 aus Cabra et al. 
(2007): from Cabra et al. 

(2007): Absolute 
horizontal movements 

derived from observations 
carries out between 
December 1999 and 

January 2003; values in 
mm/yr and error-circles 
for a significance level of  

95%.  
 

Residual velocities after 
subtraction of the 

movement of TNB1:  
Vnorth  = - 10.6 mm/yr,  
Veast    = +10.6 mm/yr,  
Vup       = +  0.4 mm/yr. 

● 

●  TNB1 permanent GPS-station 

scale 



First results for horizontal and vertical deformations 
obtained from the VLNDEF Network: 

 
published by Cabra et al. (2007): 

 
absolute horizontal velocities are between   

 

17 mm/yr and 8 mm/yr   with higher values in the North, and   
+1.3 mm/yr as mean vertical crustal movements;   

 

  
Residual movements after subtraction of the values for TNB1 are:  

 

Vnorth    = - 10.6 mm/yr,        Veast    = +10.6 mm/yr,  
Vup   =  +  0.4 mm/yr (± 0.1). 



Aims of the micro-gravity measurements are: 

 
1.  Installation of a network of precise gravity differences; 
 

2.  Identification of temporal gravity changes – if any; 
 

3.  Improvement of the undertanding of neotectonic        

     movements by comparison of the obtained elevation and 

     gravity changes;  
 

4.  Monitoring of the changes of the ice cover.  
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Micro-gravimetry: 

 

station-  

distribution 

Map created by  
M. Scheinert 

Code:   
GONDWANA – GDW 
20 -  VL06 
21  -  TNB / TNB1 
23  -  VL08   
26  -  VL15 
28  -  VL10 
29  -  VL18     
30  -  VL16 
31  -  VL11 
33  -  VL13   
34  -  VL09 
36  -  VL19 
37  -  VL17    
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The start: 
 

Tests of the gravimeters at the station GONDWANA  
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Examples of GPS points Inexpressible Island: 

 

and Cape Philippi: 
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Mt. Monteagle, 2 655 m, Annäherung von Süden:  

GPS-Antenne, Recorder,  
und Solar Pannel. Landung nahe am Punkt und 

Ausladen  der Gravimeter. 

zuerst werden die GPS- 
Geräte der italienischen  
Kollegen sichtbar:  
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At Mt. Jiracek, 2 619 m, the conditions are not so good:  

The point is on the edge of a cliff:  

We had to climb over very rough 

granite.  

 

The pilot urges us to finish 

Reference point 

Measurements just before 

termination because of a 

threatening white-out from 

behind.  
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Catabatic winds  
from polar plateau 



Results 



Conclusions: 
 
Micro-gravity measurements are best carried out 
with several gravimeters in parallel in the case of 
L&R gravimeters;  
 

these measurements allow to work at the 
threshold of the resolution of the gravimeters 
because no terrain corrections are needed; 
  

such measurements can be carried out also under 
unfavourable conditions. 
 
 



Last point:  The Automated Burris gravimeter: 
 
 
 
 



Two examples for daily drift including  
 



Two examples for daily drift including  
 

-  a strong earthquake: 
total drift:  0.006 mGal 

per hour:  0.004 mGal total drift: -0.002 mGal 

per hour: -0.001 mGal 

total drift: -0.006 mGal 

per hour: -0.002 mGal 

total drift: -0.004 mGal 

per hour: -0.003 mGal 
total drift: -0.014 mGal 

per hour: -0.003 mGal 

total drift: -0.005 mGal 

per hour: -0.003 mGal 

no readings because  

of earthquake 

-  long car transport and  



Together with the new control software developed by 

H.R. Schulz very stable measure-ments are 

possible, even better than with the PDA of ZLS. With 

this software we have a real microgal gravimeter, 

and the use of several gravimeters in parallel is 

no longer necessary. 

Thank you ! 


