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Swiss National Committee for the International Geodynamics Project
Working Group 14: Gravity

Recent Activities in Gravimetry and Physical Geodesy

Reportby H.-G. Kahle*) and E. Klingelé**)

1. Gravity Studies and Dynamics of the Swiss Alps

I.1 THE NEW GRAVITY MAPOF SWITZERLAND

The main expertmental gravimetric activities carried out in Switzerland
during the period 1971-1979 have been devoted to the completion of a new
Bouguer gravity map of the country (KLINGELE and OLIVIER, 1979). The posi-
tions of the 2019 new gravity stations are shown in Fig. 1 a. On an average, Swit-
zerland 1s now covered by 1 gravity station per 20 km?2. The compilation of the
new map was achieved through a joint research project of the Geophysical
Institutes of the Swiss Federal Institute of Technology (ETH Ziirich) and of the
University of Lausanne. The project has been sponsored and financed by the
Swiss Geophysical Commission - a subsidiary of the Swiss Academy of Sci-
ences. The instruments which were utilized in the survey were LaCoste and
Romberg model G and D gravimeters. In addition to the Swiss first-order
gravity net a control net has been established. The resulting gravity values are
estimated to have an accuracy better than + 0.38 mgal in the Alpine area and +
0.20 mgal in the Swiss Molass¢ basin. The Bouguer anomaly map is presented
in Fig. 1b (KLINGELE and OLIVIER, 1979). A constant reduction density of
2.67 gcm-3 has been used for the topographic reduction. In addition to Bouguer
corrections isostatic reductions have also been calculated. An isostatic anomaly
map for Switzerland will be published in the near future (KLINGELE, 1979).

1.2 RECENT DYNAMICS, CRUSTAL STRUCTURE AND GRAVITY ANOMALIES IN THE
ALPS

The gravity anomalies (Bouguer and 1sostatic) for the mountainous part of
the country have been presented by KAHLE et al. (1979). They described the
recent Alpine crustal dynamics in terms of crustal structure and attempted to

*) Institut fur Geodésie und Photogrammetrie, ETH-Honggerberg, CH-8093 Ziirich
**) Institute of Geophysics, ETH-Ho6nggerberg, CH-8093 Zurich (Switzerland)
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explain the present-day kinematics of the Alps within the framework of plate
tectonics. From the isostatic anomaly pattern in the cantons Graubiinden (GR)
and Valais (VS) it is seen that the area of high uplift near Chur is clearly associ-
ated with negative isostatic anomalies reaching a minimum of —48 mgal
located precisely in the area where the highest uplift rates of 1.7 mm/year
(GUBLER, 1976) are observed (Fig. 2). Moreover, it is interesting to note that the
uplift rate is almost linearly increasing from Andermatt to Chur whereas the
isostatic anomalies are linearly decreasing from —15 to —48 mgal. This fact in
itself may be considered as evidence that the uplift is controlled by isostatic
rebound effects. A similar correlation is seen in the canton Valais. The complex
structure of the high-density Ivrea zone associated with considerable positive
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Fig.2 Regionalisostatic anomalies (mgal) (KLINGELE, 1979; KAHLE et al., 1979). Recent uplift rates after GUBLER
(1976).
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edge effects, however, seems to mask the isostatic low such that “only”
—15 mgal are reached near Brig/Visp. Taking the edge effects of the Ivrea body
into account this low would also decrease to values of at least —30 mgal. At pre-
sent the gravity effects of the Ivrea body are measured and studied in great
detail by KISSLING in order to clarify this matter.

1.3 GRAVITY TRAVERSES AND LOCAL STUDIES OF THE GRAVITY FIELD IN
SWITZERLAND AND ADJACENT AREAS

Several detailed gravity traverses across the Swiss Alps were observed to
investigate the anomalies associated with crustal structure and the relief of the
Mohorovicic (M-) discontinuity (KAHLE et al., 1976a, b, 1979). Special
emphasis has been placed on deducing density models concordant with current
seismic information (MUELLER et al., 1976). Near-surface features, such as base-
ment morphology and varying thickness of Alpine glaciers have been studied
by KLINGELE and KAHLE (1977, 1978). Further gravimetric work on shallow
mass distributions has been performed in western Switzerland (OLIViER, 1974;
BUECHLI et al., 1976).

1.4 GEOID DETERMINATION IN SWITZERLAND

In the past 4 years extensive studies have been made to compute the geoid in
Switzerland (WassoUF, 1975; ELMIGER, 1975a, b). In a most recent publication
GURTNER (19784, b, c¢) obtained an improved geoid (Fig. 3) by introducing a
cogeoid related to a crustal mass model concordant with gravimetric and
seismic information (KAHLE et al., 1976a, b; MUELLER et al., 1976). This mass
model included topography, the relief of the crust-mantle boundary and the
anomalous Ivrea body. The cogeoid was calculated by means of multivariate
prediction. According to GURTNER (1978 ¢) the standard error of the resulting
geoidal heights has been reduced to less than 10 cm.

2. Geodynamics of Rift Systems

KaHLE and WERNER studied interrelationships between gravity and tempera-
ture anomalies in the northern Central Indian basin (1975), in the vicinity of the
Rhinegraben rift system of Central Europe (1979) and the Gulf of Aden. They
presented evidence that sizable density and gravity anomalies are associated
with the transient temperature field behind drifting continental plates and with
hot rising mantle material in rift systems, such as the Rhinegraben (WERNER
and KAHLE, 1979). Kinematic models for the evolution of the Rhinegraben and
Gulf of Aden were constructed concordant with all geophysical informations
being available at present.



7/ ‘\k..
Pl

\ (?‘e@g{ﬂ!" |
M

o
Q

+

------------

a




Gravimetry and Physical Geodesy 213

3. Geodynamic studies in the Indian Ocean

3.1 FREE-AIR GRAVITY MAPS OF THE INDIAN OCEAN

In the past 15 years the gravity coverage in the Indian Ocean has been con-
siderably increased by means of continuous gravity measurements obtained
aboard surface ships. Based on all gravity data acquired during the Interna-
tional Indian Ocean Expedition and measured during Lamont cruises TALWANI
and KaHLE (1975) compiled free-air gravity maps for the entire Indian Ocean.
At present these anomalies are being interpreted in terms of density inhomoge-
neities and kinematic models associated with the Central Indian Ridge system
and with the subduction zones of the Indonesian deep-sea trenches.

3.2 INDIAN OCEAN GEOID

On the basts of the free-air anomalies published by TALWANI and KAHLE
(1975) in the International Indian Ocean Atlas of Geology and Geophysics and
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including most recent gravity data, 1°X1° mean free-air values were computed
for the entire Indian Ocean. These data were then used to compute the gravime-
tric Indian Ocean geoid (KAHLE and TaLwani, 1973 a, b; KAHLE, CHAPMAN and
TaLwani, 1978) (Fig. 4). Comparisons have been made with GEOS-3 (Geodetic
Earth Orbiting Satellite-3) data in selected areas of the Indian Ocean, such as
the Indonesian deep-sea trenches (Fig. 5) and the SW Indian Ridge (Fig. 6).
Possible causes for the detected geoidal undulations have been discussed. Spe-
cial attention is paid to lateral variations of the depth to the Olivine - Spinel
transition zone. These activites are due to a joint project of Lamont-Doherty
Geological Observatory of Columbia University, Palisades (New York), and
the Institute of Geophysics (ETH Ziirich).

3.3 MARINE GRAVITY AND OQCEANIC CRUSTAL STRUCTURE

In another joint Lamont/ETH project the continental margin structure
south of India and west of Sri Lanka has been analyzed (KAHLE, NAINI, TAL-
waNI and ELDHOLM, 1979). Free-air and isostatic anomalies as well as other
marine geophysical data, such as seismic reflection and refraction measure-
ments carried out in this are, revealed a prominent basement high (here named
Comorin Ridge). From a comparison with other sheared margins it is suggested
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that this feature may mark the structural boundary between oceanic and
“rifted’” continental crust.

4. Secular Changes in Gravity and Special Techniques in Gravimetry

- Absolute gravity measurements have been carried out at 2 stations (Ziirich
and Chur) by MARsSON and Arasia with the mobile absolute gravity appa-
ratus of “Istituto di Metrologia, Torino™ as a basis for detecting secular
changes in gravity as well as for the purpose of establishing high accuracy
gravity calibration lines in Switzerland.

- Detailed high-precision gravity data have been obtained by the Institute of
Geophysics, ETH Ziirich, with the LaCoste and Romberg model D 16 gra-
vimeter along the Fennoscandian gravity calibration line (KLINGELE and
KAHLE, 1979) and in the Rhinegraben net-work (DEICHL et al., 1978).
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