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Abstract  The horizontal pendulums of the Grotta Gigante ( Giant Cave) in the Trieste
Karst are long-base tiltmeters with Zollner type suspension. The instruments have been
continuously recording tilt and shear in the Grotta Gigante since the date of their installation
: by Prof. Antonio Marussi in 1966. Their setup has been completely overhauled several
_ umes since installation, restricting the interruptions of the measurements though to a mini-
- mum. The continuous recordings, apart from some interruptions, cover thus almost 40
yea:s of measurements, producing a very noticeable long term tiltmeter record of crustal
deformation. The original recording system, still in function, was photographic with a me-
¥ Ichanical timing and paper-advancing system, which has never given any problems at all,
L as it is very stable and not vulnerable by external factors as high humidity, problems in
i ipower supply, lightning or similar. In December 2003 a new recording system was in-
l stalled, based on a solid-state acquisition system intercepting a laser light reflected from a

h tides to seismic waves. Here we describe the acquisition system, present the up to
te long term recording, and the observation of a recent earthquake.

ot Gigante ( Giant Cave) situated in the Trieste Karst (Latitude 45°. 7083 N,
__°‘ 7633E) bears the Guinness Award of greatest cave in the world, as it has an el-
} ) of 130m length, 65m width and 107m height. In 1959, Prof. Antonio Marussi
" a0t idea to use the height of the cave to build a couple of long-base tiltmeters of the
: ulum type with Zélliner suspension''!. After this date, the design of the me-
' the instruments was completely overhauled and the present instrumentation was
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lum (including wires) is 18.7kg, the horizontal beam has a length of 1.4m, and the perjoq,
oscillation of the pendulum in the horizontal plane is of 6min ***). A horizontal shift of g
upper relative to the lower mounting of the pendulum (shear), a tilt of the cave or the jpcfin
tion of the vertical are recorded as a rotation of the beam in the horizontal plane about the pof
tion axis, which lies on the line connecting the upper and lower mounting points of the pend
lum. The static amplification factor for tilt is about 24 000. The original recording systeml
optical on photographic paper, with an amplification of 0. 9msec/mm. This system is very
able and has been recording without greater problems since the time of the installation. The g
dulums have been overhauled in 1982/83 and in 1997, and some parts as the polyethylene
protecting the wires have been exchanged. Very recently, in December 2003, a new digita]
quisition system was installed, which is supposed to replace the photographic recording in
future, once its reliability has been ascertained. The advantages given by the digital acquisit
system are the automatic readout, a drastically increased time and signal resolution, wh _\
the instruments acquire the characteristics of a very broad band tiltmeter. '

In the sequel we give a short description of the acqusition system and show some examp
cordings, as the secular tilt over the full observation period and the observation of a seismic g

2 The new acquisition system

The new acqusition system records the position of a laser light reflected by a mirror it
ed on the horizontal pendulum beam in correspondence of the rotation axis. The sensor i§
alogical position sensitive detector (PSD) made of a long P-N junction, which can be illi
ed across a transparent metallization surface. The laser-light generates carriers that form/
rent i . The current that flows in the P-crystal is collected by the metallization, the v“-_'-

the electrodes. .
With p the resistivity of the crystal N, for the resistances R,, R, and the currfis
the circuit shown in Fig. 1, the following relation holds: b

R, = pd,
R, = pd,
R, +R, = pD
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of Figure |  Functioning of the PSD acquisition system, a) electronic circuit b) the interaction of the
; incoming light with the P-N junction creates a current, from which the position of the
laser light can be determined.

.‘ . The following equation shows how from the currents across the electrodes 2 and 3, the po-

=i V/R, -V/R, R, -R, pd, -pd, d,-d, =2d,—D

B¥L  VWRYVRST R PR D A D TRk

- ‘Winch it follows that the position d, is given by:

d, =g(1+%’ ﬂ:’)

Ly +1i,

ne currents which are output from the PSD are transformed into voltage, enter the A/D
er and are fed into the microprocessor for the arithmetical operations of sum and multipli-
“The digital data are transferred to the serial port of the PC, and the data are saved on
s of 109600 samples by the acquisition software. The PC, running Linux, is accessi-

crustal deformation for the years 1966 ~ 2004

#9108 period continuous observations of the tiltmeters are graphed in Fig. 2, which cov-
B ble time interval of nearly 40 years. The original data sampling of the photo-
' is hourly, which has been reduced to daily sampling after application of an anti-
'.: ;_-"'t evident feature of the observations is the regular yearly oscillation, seen in all
' ation stations of good quality, and due mainly to the thermal influence of one year
deformation; to some extent it is also due to the yearly variation of the subsurface
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waters, which though do not have such a regular oscillation “*). Another evident variatiop i3
the long-term tilt signal, which for illustration purposes, has been interpolated by the best i of

years 1976/1978 and 1996/1998. We have also interpolated the tilting by a linear long-
signal, which results to amount to 8. 76 msec/yr towards NW. :
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Figure2  The secular deformation of the cave as recorded by the long-base
tiltmeters from October 13, 1966 to February 29, 2004. PE and PN
refer to the EW and NS component, respectively. Interruptions lon- |
ger than 75 days are denoted by an asterisk. Shown is the data
curve ( continuous line) , the interpolation with a 3rd order polyno- “a
mial ( dashed line) and the interpolated linear variation (continuous "%
heavy line). The linear variation amounts to 8. 55 msec/year to- 8

g

4 Observations at seismic frequencies - the seismic event of [
Marocco, Feb. 2004

The increase in the signal and time resolution of the new digital acquisition Y8
it possible to record the horizontal ground movement due to the passage of seismic#
the long-base pendulums. The instrumental response function of the pendulums),
damped oscillator with damping factor of 0. 85 and a reduced pendulum length Of'" :

The eigenfrequency of the pendulums being of 360sec, the transfer function
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und movement is flat at frequencies greater than about 0. 025 Hz (6] For illustration we have
ected the recent seismic event of Marocco, which occurred on Feb. 24, 2004, with magni-
tnde M =6.4, at depth = 13km, and at the epicentral location with coordinates Latitude 35.

178°N, Longitude 3.903°W (7). In Fig. 3a the recordings of the original data are shown, cov-
g the occurrence time of the seismic event. In order to isolate the observation of the seismic

;4'300 period. The upper frequency limit is chosen due to the observation, that at higher fre-
miencies there is an increasing contribution of a noise component. In Fig. 3b) the detrended
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Figure 3 Example of the recording of a seismic event: Ma-
rocco, February 24, 2004. (M =6.4, depth =13
km, epicentral distance from station =17.01°).
a) The original digital data. The time interval of
3 hours covers the occurrence time seismic e-
vent. b) the detrended and band pass filtered
data.
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5 Conclusions.

The Grotta Gigante ( Giant Cave) in the Trieste Karst (Italy) has housed for almogt 4p
years a couple of long-base tiltmeters which have given a unique continuous record of long- ;
crustal deformation. As explaincd in prcvious studies 1 the comparisou with the ,_"

signal to noise ratio. The instruments have been recently greatly improved by the installatiog 1
a new digital acquisition system, which has made it possible to record the signal also in the fg
quency band of seismic waves and which has brought a further increase in the resolution of.:
signal. Apart from the instrumental, ambient and electronic noise level, the resolution of the
digital acquisition is of 9 x 10" radians. The availability of the digital recording system ki
transformed the long-base tiltmeters into a couple of very-broad-band tiltmeters, with which
deformation signal can be recorded on a large range of periodicities, from quasi static defor
tions to the passage of seismic waves. .
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