Interpretation of the piezometric fluctuations and precursors associated with the November 29, 2007, magnitude 7.4 earthquake in Martinique (Lesser Antillles)
Interprétation des fluctuations piézométriques et des précurseurs associés au séisme de magnitude 7.4 du 29 novembre 2007 sur l’île de la Martinique (Petites Antilles)

Patrick Lachassagne, Véronique Leonardi, Benoît Vittecoq, Abel Henriot

Electronic supplement to the article (Part 1):

Assessment of precursors.

Documentation of the 15 criteria defined by Roeloffs (1998), plus a few additional ones:

1. Depth of the well (see Table 1);

2. Record of rainfall for at least one year: the data from two raingauges belonging to the Martinique Conseil General Network (http://www.cgste.mq/portail_hydro/) are provided in the file “Pluviometry.xls”. The Lamentin (airport station) raingauge is located near the town of Lamentin, in the middle of the island near piezometers 1179ZZ0039 and 1179ZZ0157, and the Trinité (“reservoir” station) piezometer is located quite close (about 2 km north-west) to piezometer 1175ZZ154. Detailed chronological piezometric records for the month of November are available in the “AtmosP&Pluvio.xls” file. No evident relationship is discernable between precursors and rainfall;

3. Record of barometric pressure, measured at least once every three hours, even if piezometric data were corrected to take into account barometric pressure. Data are available in the “AtmosP&Pluvio.xls” file. No evident relationship is discernable between precursors and barometric pressure;

4. Information about wells being pumped (or recharged) in the same area: 

All the piezometric anomalies identified as precursors are very different in shape from those resulting from a pumping (or an injection) (see the following section and the “Piezometric_Level.xls” file). Moreover, these piezometers were chosen for the Martinique piezometric network because they were not influenced by any nearby pumping.

· Piezometer 1169ZZ0084: no known pumped well in the vicinity. The nearest exploited well (Ajoupa Bouillon city municipal pumping well, about 20 m3/h) is located more than 5 km away, in a very different hydrogeological context (a different aquifer, at a higher altitude, separated from the present aquifer by several geological boundaries and rivers);

· Piezometer 1175ZZ0154: no known pumped well in the vicinity;

· Piezometer 1177ZZ0165: no known pumped well in the vicinity. It is a unexploited municipal well of the city of Schoelcher. Another municipal well in Schoelcher (1177ZZ0087), located about 500 m away from piezometer 165, was never exploited. It was however submitted to two pumping tests (2006/08/23->2007/01/26 and 2007/04/24->2007/04/27 – BRGM report RP-55458) that can be seen on the monitoring, particularly the recovery from the first pumping test and the drawdown and recovery of the second (maximum drawdown for the second 16 cm, and about 9 cm for the first one);

· Piezometer 1183ZZ0024: no known pumped well in the vicinity. In fact it is one of the two exploratory wells drilled in 1976 for the water supply of a rum distillery. None of them has ever been transformed into a pumping well.

As a consequence of the wide availability of surface water in Martinique, but also for other reasons, such as the high cost of drilling, only a few aquifers are exploited to provide drinking water to municipalities; most of the high discharge springs are however tapped for drinking water supply. For the same reasons, only a few private pumped wells are known in Martinique.

5. Longest record of observation available (see Table 4 and the complete daily piezometric records available from the French national piezometric data base - www.ades.eaufrance.fr/ - in the file “Piezometric_Level.xls”).

Such piezometric anomalies as those preceding the earthquake are hardly visible at the scale of entire records. Nevertheless, detailed analyses of the records did not allow us to identify similar anomalies. A flat signal is only observed at the top of some hydrogeological peaks. The records confirm the absence of regular pumpings in the vicinity of these piezometers.

6. Measurement technique: all piezometers showing a precursor (and also all the piezometers showing a signal due to the earthquake) were equipped with OTT Thalimedes devices (Table 4). The float-operated Thalimedes Shaft Encoder with integral data logger is designed for continuous, unattended monitoring of water levels in ground- and surface water. (http://www.ott-hydrometry.de/web/ott_de.nsf/id/pa_thalimedesog_e.html);

7. Sampling interval: 1 hour (Table 4);

8. Response to earth tides (Table 4);

9. Coseismic response of water level to the subsequent earthquake (Table 3);

10. Magnitude of earthquake (see this paper);

11. Depth and focal mechanism of earthquake (see this paper);

12. Times, magnitudes and hypocenters of any recorded foreshocks (the available data collected from the USGS were gathered in the following file: “Fore_Aftershocks.xls”);

No foreshock coincides with the beginning of any of the precursors (from 11/27 7:00 (1183ZZ0024), to 11/28 11:00 (1169ZZ0084)). The only foreshock in that period (11/28 14:18 M4.8 earthquake at a 480 km distance from Martinique) occurred later than all these signals and the previous one occurred much earlier (11/23 7:21 M2.9 53 km).

13. Distance of azimuth of well from epicentre (Table 4);

14. A graph of raw water level versus time during the anomaly (Figure 4);

15. Description of any other wells in the vicinity that were monitored but did not show anomalies (see Figure 4). There was no monitored piezometer in the immediate vicinity of any of the piezometers, which is logical since the piezometers belong to a network designed at the scale of the whole island and not at the scale of a specific aquifer. For instance, piezometers 1168ZZ0054 and 1169ZZ0006 which are close to piezometer 1169ZZ0084 but did not show a precursor are respectively 3 and 5 km away from piezometer 1169ZZ0084.

16. Servicing of the piezometers. As “similar” precursors identified before the 1999 Chi-Chi earthquake (see Figure 9.4 in Wang and Manga, 2010a) turned out to be caused by readjustment of the monitoring system, this criterion, the last servicing date of the piezometer, was added to those of Roeloffs (1998). The checking was done for all the piezometers (see the file “servicing.xls”). No servicing coincides with the precursors. Moreover, for those piezometers with or without precursors, computations with these data show that the monitored piezometric changes are reliable. For instance, none of these computations have ever revealed a piezometric shift that could be due to the sliding of the float cable during the earthquake. All type-II permanent piezometric changes are much stronger than the absolute uncertainty on the piezometric measurement.
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